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PREFACE 


The publication of the present edition of th'is work has beewdelayed by circum¬ 
stances arising out of the Groat War, Some of those who contributed to previous 
editions were actively engaged as combatants; others were employed in munition 
work or in industries closely associated with such work, and consequently were 
unable to find time or opportunity to revise their articles until the conclusion of 
hostilities. Some valued contributors were no longer with us, and it was 
necessary^to make fresh arrangements in regard to new writers. Provision also 
had to be made for additional articles necessitated by the (jero^pmeut of chemical 
industry since the Hate of the previous edition. From the fact that practically 
the whole chemioal energies of the country were concentrated on the prosecution 
of the war it was impossible to make rapid progress with the revision of a work 
of this magnitude. 

It has become a truism to say that Applied Chemistry has exercised a profound 
influence on the character and direction of the war. It is equally true that the 
war has exercised a great influence on Applied Chemistry. It has led to an 
enormous expansion, more or less permanent, of certain branches, both in this 
country and abroad. New products have been made,''new processes have been 
devised, and established methods have been improved and extended. In spite of 
the economic and other evils which have followed in its train, there can be no 
doubt that the war will be found to have permanently affected foj good the 
progress of manufacturing chemistry in this oountry, and indeed in all English- 
speaking countries. Whilst the disturbance and strain of the past half-dozen years 
have seriously affected the development of pure science and the output of ohemical 
research, Applied Chemistry has J?een quickened ia certsftn directions. The 
financial anc|,industrial collapse which has overthrown our late enemies will, it may 
be presumed, tend still further jo federate the expansion of our own chemioal 
manufactures. Ge^hany, for tjje present at all events, no longer holds , the 
supreme position in certain branches in chemical industry that she enjoyed prior 
to 1914, and it may be doubted whether, under her altered social and economic 
conditions, she will ever recover it. " 

It is too soon to be in a position to Chronicle all the results, a$ regards chemioal 
manufacture, which have arisen from |he intensive application of phemists during 
the past* strenuous years. Much is of*a # character that in the qresqpt disturbed 
Btate of the wojld it would* be' fiiexped'ent ig fluke puhlic, J ®On certain matters, 
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indeed, no ao|$yj£ta);ive information can be obtained. This will explain why 
maoyfaoturing details of several new processes in connection with munitions have 


The entire work has beenecarefully revised, and so much new matter included 
that it ias been found necessary to enlarge it, andt six volumes will certainly be 
needed, and it is possible that a seventh will be required. It is to be hopid that 


in its present form the book may still be considered as a reasonably adequate 
presentation of the state of contemporary knowledge concerning the applica-* 
tions of Chemical Science. 


A list of the contributors, with,the titles of their articles, is prefixed to the 
several volumes. Tfteir names and standing are a sufficient guarantee that, as in 
previous editions, every effort has been made to make the Dictionary a faithful 
reeord of the present relations of chemistry to the arts and sciences. 



ABBREVIATIONS' 

OF TgE TITLES OF JOURNALS AND BOOK| 

Amer. Shorn. 3. . American Chemical Journal. 

Amer. 3. Pharm. . American Journal of Pharmacy. 

Amer. 3. Sci. . . American Journal of Scienoe. 

AnBl. Fis. Quim. . Anales de la Sooiedad Espanola Fisiot^y Quimioa. 

Analyst .... The Analyst. I ^ 

Annalen .... Annalen derChemie (Justus Liebig). • 

.Arm, CMm. anal. . Annales de Chimie analytiqueappliquSe&l’Industrie, 41’Agriculture, 
& la Pharmacie et k la Biologie. 

• Ann. Chim. . . . Annales de Chimie. 

Ann. Falsif. . . . Annales des Falsifications. 

•Ann. Inst. Pasteur. Annales de l’lnstitut Pasteutt 
Arm. Physik. . . Annalen der Physik. • 

Ann. Physique . . Annales de Physique. 

Annali Chim. Appl. Annali di Chimica Applicata. 

Apoth. Zeit. . . . Apotheker4!eitung. 

Arch. Pharm. . . Arohiv der Pharmazie. 

Atti E. Accad. 

Lincei .... Atti della Reale Accademia dei Lincei. 

Bentl. a. Trim. . . Bentley and Trimen. Medicinal Plants. 

Ber .Berichte der Deutsohen chomischen Gesellsohaft. 

Ber. Deut. pharm. 

Oes .Beriohte der Deutsohen pharma^eutischen Gesellsohaft. 

Bied. Zentr. . . . Biedermann’s Zentralblatt fiir Agrikulturohemie und rationellen 
* Landwirtschafts-Betrieb. 

Bio-Chem. J. . . The Bio-Chemical Journal. 

Biochem. Z&tsch . £iochemischo Zeitschrift. 

Brewers J. . . . Brewer’s Journal. 

Bull. Imp. Inst. . Bulletin of the Imperial Institute. 

Bull. Soc. chim. . Bulletin de la Soci6t6 chimique de France. 

Chem. Ind. . . . Chemischo Industrie. 

Chem. News . . . Chemical News. 

Chem. Soc. Proc. . Journal of the Chemical Society of London. Proceedings. 

Chem. Soc. Trans. Journal of the Chemical Society of London. Transactions. 

Chem. Weekblgd . Chemisch Weokblad. 

Chem. Zeit. . . . Chomiker Zoitung. 

Chem. Zentr. . . Chemisches Zentralblatt. 

Compt. rend. . . Comptes rendus hebdomadaires da* Seances de l’Acad^mie des 
Soiences. 

Dingl. poly. J. . . Dingier’s polytechnisches Journal. 

Fdrber-Zeit,. . . Farber-Zeitung. 

FlUck. a. Hanb. . Fluckiger and Hanbury, PharmacographiA 

Frdl .Friedlander’s Fortsohritte der Teerfarbenfabrikation. 

Gazz. chim. ital. . Gazzetta chimioa italiana. 

Eelv. Chm. Acta . Helvetica Chimica Acta. 

Jahrb. Min.. . . Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. 

J. Amer. Chem. Soc. Journal of the American Chemical Society. 

J. Bd. Agric. . . Journal of the Board of Agriculture. 

J. Franklin Inst. . Journal of the Franklin Institute. 

J. Ind. Eng. Chem. Journal of Industrial and Engineering Chemistry. 

3. Inst. Brewing . Journal of the Institute of Brewing. 

J. Pharm. Chim. . Journal de Pharmacie et de Chimie. 

3. Phys. Chem. . Journal of Physical Chemistry. 

3.pr.Chem. . . Journal^iir nraktisete Ohemie. 

3 . Buss. Phys. Chem. * 

Soc. . . . J. . Journal of the Physkal and Chemical Sooiety of Russia, 

3. Soc. Chem. Ind. Journal of the UocieTy of Chemical Industry. 

3. Soc. Dyers. . . Journal of the Society bf Dyers and Colourists. 

3. Tokyo Chem. Soc J#irnal of the Tfkyo Chemical Sooiety. 

3. Washington Acad. 

Sci. .... . Journal of the Washington Academy of Sciences. 

Kolloid Zeitsch. . Kolloid-Zeitsohrift. 

Met. <& Chem. Eng. Metallurgical and Chemical Engineering. 

Min. Mag. , . . Mineralogical Magazine, and Journal of the Mineralogical Society. 

Monatsh .Monatshefte fiir Ohem(e und VOTwcndte Theile anaerer Wiaaan- 

sohaften. 

Pharm\ P. . . . Pharmaceutical Journal. 

Pharm, Zeit ♦ . ♦ •Pharmaoeutische Zeituig. 9 







ABBREVIATIONS’ OF T&E TITtBS OF JOfjftNALS AjfD BpOKS. 


Phil. Mag. 

Phil. Tram.. . . 
PKot.3» .-... . 
Preo. Boy. Sot. . V 
Bro o. Boy.Soc. EdvA. 
Sec. trav.jpMm.. . 
Tram. Eaefaday Soc. 
Zefkph. andl.rChem. 
Zeitsch.angew. Chum. 
Zeitsch. anorg. Chem. 
Zeitsch. Nahr. 

Oenussm. . . . 
Zeitsch- Offentl. 

Chem . 

Zeitsch. physikal. 
Chem . 


Zeitsch. physiol. 
Chem. . 


Philosophical Magazine (The London, Edinburgh and Dublin), 
Philosophical Transactions of the Royal Society. 

Photographio Journal. , . 

Proceedings of the Royal Society.. 

Proceedings of the Royal Society of Edinburgh. 

Reoeuil des travauxfthimiquea des Pays-Bas at de la Belgique. 
Transactions of the Faraday Society. 

Zeitachrift fur analytische Ohemie. 

Zeitschpift fiir angewandte Ohemie. 

Zeitachrift fur anor^nisohe Ohemie. 

' f 

Zeitsohrift fur Untersuchung der Nahrungs- und GenussnJi^tel. 
Ze(tsohrMt fiir offontliehe Ohemie. 

t 

Zeitsohrift fiir physikalische Chemie, Stoohiometrio und Verwandt- ' 
schaftslehie. 


. I Hoppe-Seyler’p Zeitsohrift fiir ph^siologisohe Chemie. 






LIST OF CONTRIBUTORS 

TO VOLUME I. 


Dr. E. F, ARMSTRONG, F.I.O., F.R.S. (Messrs. J. Crosfield <t Sons, Ltd., Warrington), 
[Amylans ; Bbead.] ' . m 

Dr. G. H. BAILEY (The British Aluminium Company, Kinlochleven, N.B.). [Aluminium, 

’ ALUMS, AND ALUMINIUM COMPOUNDS.] 

0. 0. BANNISTER, Esq., F.I.O., A.R.S.M. (Messrs. Edward Riley dHarboard). [Antimony^ 
Bismuth (Metallurgy of).] 

Dr GEORGE BARGER, M.A., F.R.S., Professor of Chemistry in relation to Medicine in 
' the University of F.iinbiuoh. [Aconitine and the Aconite Alkaloids ; Adrenaline ; 
AKK6-, Abeca Nut; AbKtolochine; Betaines; Bboom Tops.] 

Dr. G. BARGER, M.A., P.R.S., and Dr. F. L. PYMAN. [Alkaloids.] m 

G. 8. BLA1IF* Esq., iftt.S.M., B.Sc., M I.M.M. [Barium ; OALCmr] _ 

J. S. S. BRAME, Esq.,‘F.I.O., Professor of Chemistry, Royat NavalLmlege, Greenwich, S.E. 
[Acetylene, Commercial Applications of; Boileb Incbubtations and.Deposits, j 

JOHN F. BRIGGS, Esq. (British Cellulose Co., Derby). [Acetic Anhydbide.] 

HAROLD BROWN, Esq., The Imperial Institute, London. [Balata,] 

Dr. J. c. GAIN, Editor of the Journal of the Chemical Society, London. [Aniline ; Aniline 
Salt ; Azo-Colouring Mattkus ; Benzene and its JIomoloques.] • • 

W. H. COLEMAN, Esq. [Cabbolio Acid.] 

Dr. HAROLD G. COLMAN, F.I.O., Formerly Chief Chemist to the Birmingham Corporation 
Gas Dept. [Ammonia.] 

JAMES CONNAH, Esq., B.A., B.So., F.I.O., Deputy Principal, The Government Laboratory, 
London. [Absintb; Absisthin; Absinthol; Abback; Bjandy.] 

Dr. W. DITTMAR, F.R.S. [Balanob.] 

Dr. ARTHUR E. EVEREST, F.I.O. [Anthooyanins.] 

Dr. ARTHUR J. EWINS. [Caffeine and the Alkaloids of Tea, Coffee and Ooooa.] 
THOMAS FAIRLEY, Esq., F.I.C. [Aspibatobs.] 

Professor 0. 8. GIBSON, O.B.E, M.A,(Oxon. and Cantab.), M.So.(Mano-), F.I.O. [Amyl.] 

Dr. W. D. HALLIBURTON, F.R.C.P., M.R.O.S., F.R.S., Professor of Physiology, Univer¬ 
sity of London. [Bile; Blood; Bone.] * 

Dr. J. T. HEWITT, M.A., F.R.S., Emeritus Professor of Chemistry, East London College, 
University o£ London. [Acrid&b Dyestuffs.] , 

J. W. HINCHEEY, Esq., A.R.S.M., P.I.fik, Professor of Chemical Engineering, Imperial 
College of Science and Technology, South Kensington. [Autoclave.] 

JOHN HOLMES, Esq., ?.C.S., The Government Laboratory, London. [Alooholometbi.] 

Dr. JULIUS HUEBNER, M.So., F.I.O., Director of Dyeing and Paper-making Departments, 
Manchester Municipal College of Technology. [Bleaching.] 

H. W. IIUTCHIN, Esq. (The Cornish Consolidated Tin Mines, Camborne). [Arsenic.] 

HERBERT INGLE, Esq., B.So., F.I.O,, lati Chief Chemist to the Trapfvaal Agricultural 
Department. [Albdeon^lGbains; Almond; Applej'Apbicot; Abgimn*! AbbOWBOOt; 
ABTidbOKE; Ash; Asfa&agus; Avocado Peab;.BaSana; Bablejj; Batatas; Bean; 
Beet-boot; Betaine; Bilbebby; Blachbebbieb; Bban; Bbea^j Fecit;• Bbusbbh 
Spbocts; Buckwheat; Cabbage.]* * * 






x LIST OB' CONTRIBUTORS. 

Dr. B. LESSING, Consulting Chpnist, London. [Bromine,] 

Dr. JULIUS LEWKOWITSQH, M.A., F.Oft. (Revised By 0. A. Mitchell, Esq., B.A., F.I.C.) 

t )iPOO*M; Ahaoardium Net; Arachis Oil; Babsia Oils; Ben Oil; Bone Pat; 
bnbo'TaliJow ( Brazil Nuts; Oaoa#i Butter.] o 

A.SMEDLEY MacLEAN. [Balsams.] 

r»OHN S‘. MANLEY, Esq., M.A., Magdalen College,.Oxford. [Balance.] 

Dr. F. A, MASON 1 , M.A.(Oxoii.) (The British Dyestuffs Corporation, Ltd). [AoeAlb; 
Aoetylenb; Aldehyde j'Azines (Suppl.).] 

CHARLES A. MITCHELL, Esq., B.A., F.I.O. (Messrs. Beaufoy A Co., London). [Acetic 
Acid; Acobn Oil 11 ; Aerated ob Mineral Waters ; Anacabdidm Orientals; Beech- 
hot Oil; Behenio Acid.]' » , 

T. S. Moobe, Esq., M.A.(bion.), B.Sc.(Lond.), Professor of Chemistry, Holloway College. 
[Amines; Amino Ac!js.] . » 

Dr. Q. T. MORGAN, O.B.E., A.R.O.S., P.I.C., P.R.S., Professor of Chemistry in the Univer¬ 
sity of Birmingham [Acidimktby and AlkalimetSS; Analysis; Antimonials, 
OroaniC; Arsbnicals, Organic.] 

Professor A. G. PERKIN, P.R.S., P.I.C., Department of Colour Chemistry in the University 
of Leeds. [African Marigold ; Aloabrobin ; Alkanet ; Annatto ; Abchil ; Asbabci ; 
t Atbanorin; Baruatio Acid; Babwood; Biononia Tecoma; Brazil Wood; Buck- 
thobn; Bdtea Fbondosa.] 

Dr. P. MOLLWO PERKIN, P.I.O., Consulting Chemist, London. [Electrochemical 
Analysis.] 

Professor W. H. PERKIN, LL.D., P.R.S., and Dr. ROBERT ROBINSON, P.I.C., F.R.S. 
(of the British Dyestuffs Corporation (Huddersfield), Ltd.), assisted by Rev! P. H. 
GORNALL, M.Sc, [Alizarin and Allied Colourinq Matters.] 

J. A. PICKARD, Ek,., L.Sc., A.R.C.S., P.I.C. [Acetins ; Allyl.] 

Dr. P. L. PYMAN, Professor of Technological Chemistry in the University of Manchester, and 
in the Manchester Municipal College of Technology. [Bebeebine ; Berbebine and the 
Bebbeuis Alkaloids.] 

Dr. HENRY ROBINSON, M.A. [Anesthetics.] 

Sir TpOMAS f K. ROSE, D.So.,< F.I.O., The Royal Min*, London. [Assaying.] 

Dr. WALTER ROSENHAIN, P.R.S., The National Physical Laboratory, Teddington. 

[Amalgam ; Annealino.] 

L. J. SPENCER, Esq., M.A., F.G.S., Mineral Department, British Museum. [Abbasiyes; 
Adamite; Aeschynite; Aqalitk; Aoalmatolite; Agate; Alaite; Allanite; Alsto- 
nite; Alcm Shale; Alcnite; Aldnoobn; Amazon-Stone; Ambeb; Amblyqonitbi; 
Amethyst ; Ampanoabeite ; Anatase ; Ancylite ; Andalusitb ; Andesine ; Andesite ; 
Andobite ; Anolesite ; Anhydrite ; Ankebite ; Apatite ; Aphthitalits ; Abaqonite ; 
Abdbnnitb; Abgbktite; Akoybodite; Asbestos; Ataoamite; Autunitb; Axinite; 
Azcbite ; Baddeleyite ; Baedmlbbite ; Bakerite ; Barytes ; Baryto-Oaloite ; 
Ba8ALc; BastnAsite; Bauxite; Beokelitb; Bellitb; BeSitoite; Beryl; Bbbzb- 
lianite; Berzelitb; Betafitb; Bismitb; Bismcthinite ; Bismotitb; Blobditb; 
Blomstrandine; Bloodbtone; Blue Iron-Earth; Boo Iron Ore; Bole; Boraoitb; 
Bobax; Bobnite; BobonalbocaLOIte ; Bobtonite; Boornohite ; Bbadnite; Bbazilite; 
Bboohantitb; Br8ggebite; Brucitb; Buhbstone; Building Stone; Bdntkcp- 
pebebz ; Calamine ; Oalavebite ; Caloitb.] 

Dr. ARTHUR L. STERN, P.1.0. (Messrs. Bass, Ratcliff A Gretton, Ltd., Burlon-on-Trent) 

[Bbewinq.] 

■GEORGE STUBBS, Esq., O.B.E., P.I.O., The government Laboratory, London. [Buxteb,] 

Dr. M A. WHITELY, O.B.E.,P,LO.,A.R.O.S ., LqctuKsron Organic Chemistryjjmperial College 
of Science and Technology, S. Kensington, [adenine ; Alanine ; Allantoin ; Alloxan ; 
Alloxantin; Aboinase; Arginine; Asparagine; Aspartic.'Toid.] 

Dr. OTTO N. WITT, Polytechnic, Charlottenburq, [Azines ; with an Addendum by Dr. 
P. A. Mason.] 



DICTlONAm 


PPLIED CHEMISTRY. 


AAL, AX, ACH, AI'CH. Native namos for 
the roots of Morinda tinctoria and M. citrifolia, 
employed in various parts of India, under the 
general tgade name of Suranji, as a dyestuff, 
more especially for dyeing reds, purples, and 
chocolates. # 

ABACA. A species # fibre derived from 
Musa texlilis (N6e), obtained mainly from the 
Philippine Islands, and Used in the manu¬ 
facture of mats, cordage, &e. It is also known 
under other names, including 1 Manilla hemp,’ 

1 Menado hemp,’ ‘ Cebu hemp,’ ‘ Siam hemp,’ 
and ‘ White ropo.’ Less valuable fibres are 
obtained from other species of Musa, such as 
M. sapuu.lvm (Linn.), the banana and plantain, 
which yield banana fibre and plantain hbre. 

ABANONE. Trade-name for a pharma¬ 
ceutical preparation of magnesium phospho- 
tartrate. 

ABIES. The generic name of the Silver Firs. 
A. alba (Mill.) [4. pedinala (DC.)] furnishes 
timber very similar to the white deal of Picea 
excelsa, the common spruce. It is the source 
of 1 Strasburg turpentine,’ containing free abienic, 
Metric, and a- and P-abietinolic acids, and an 
amorphous substance Metaresen, an ethereal oil 
of agreeable aromatio odour, a bitter principle 
and colouring matter (Tschiroh und Weigel, Arch. 
Pharm. 1000, 238, 411). 

A. Canadensis is the source of Canada balsam, 
whioh contains canadic, camdolk, and a- and B- 
canadinolic acids, an ethereal oil, canadoresen ; 
and small quantities of succinic acid and a bittor 
substance. The acids oontain *no jnethoxfl 
groups and give The cholesterol reactions, in¬ 
cluding that of Tihugaeff (l.c. 1900, 238, 487). 

ABIETENE. A nydrooarbon obtained By 
distilling the terebinthinat^gxudation of Pjnus 
sabiniana (Doug.), a coniferous tree indigenous to 
California, and growing on the dry slopes of the 
foothills of the Sierra Nevada and on the hills 
along ths ooast, and known locally as the Nut pine 
or Digger pine. To procure the exudation, the 
tree during winte|4? notched and guttered at a 
convenient heigh' Tom the ground, and the 
resin on*di|tiilation yields the liquid hydro-* 
carbon. The crude -oil,,was met with in San 
Francisco as an article of oommeroe under the 
Vol. I.— T. * 


names of ‘ Abieteno,’ ‘ Erasine,’ ‘ Aurantine,’ 
and 1 Thiolino,’ and was used for removing 
grease-spots, paint-Btains, &o., from .olothing. 
It is a nearly colourless mobile liquid of powerful 
aromatic smell, recalling that of oil of oranges. 

Abietene has been shown by Thorp} to oonsist 
almost entirely of normal heptane, 0,H la , mixed 
with a small quantitj" si a resin to whioh Its 
characteristic smell of orange oil is due (Thorpe, 
Chem. Soo. Trans. 38, 296; Schorlemmer and 
Thorpe, Phil. Trans. 174, 268 ; i>. also Blasdale, 
J. Amer. Chem. Soo. 1901, 182). 

Sohorger (J. Ind. Eng. Chem. 1913, 8, 971) 
has sHbwn that the volatile oil of Pirns jejfreyi 
consists of about 95 p.o. of n-hejjjane ant 5 p.o, 
of an aldehyde, apparently oitronellal. ^ 

Abietene is also the name given to thSydro- 
carbon whiclfis obtained as an oil by the reduc¬ 
tion of abietic acid (q.v.) (Easterffeld arid Baglay, 
Chem. Soe. Trans. 1904, 1238; Kraemer and 
Spilker, Ber. 1899, 2963, 3614). Its formula is 
C,,H je , and it is probably deoahydroretene, as, 
when oarefully purified, and reduced with 
phosphorus and nydriodio acid, it yields a 
fluorescent hydrooarbon identical with the do- 
decahydroretene of Liebermaan and Spiegel 
(Ber. 1889, 780). 

ABIETIC ACID. An acid obtained by digesting 
oolophony with dilute alcohol and recrystallising 
the product from methyl alcohol (Maly, Annalen, 
129,54; 132,249); or by-saturating an alcoholic 
solution of oolophony wit(i hydrogen chloride 
and subsequently reorysfallising the product 
(Fliickiger, J. 1867, 727 ; cf. Conn, Chem. Zeit. 
1916, 40, 791). It can also be obtained by, 
distilling colophony under reduoed pressure 
or with superheated steam (Easterficld and 
Bagiev, Chem. Soo. Trans. 1904,1238). Natural 
colophony is, in fact, a vitreous modifioa- 
tion of abietio aoid. It ooours in resin spirit, 
from whicBf it may be obtained by extraction 
with ether, shakjng with sodium earbonate 
solution and then aoidifying. It is obtained 
,in a purer oondition bv reorystallising from 
acetic acid, firms aiolourlestf triangular plates j 
m.p. 166 r -U17° (Tschiroh ana WolJf, Arch. 
Pharm. .1907, 1 ; 153°-IS4° ^Maoh, Monateh, 
1893, 186; 150°-152° ^llingson, J. Amer, 




ABIETIC ACID. 


Chem. Soo. 1914, 36, 3§ff). The melting-point 
appears to be influenced by the mahner of nest¬ 
ing. Occurs also in Storax. [o]^— 67^°. 
According to EasterMd and Bagley and Mach, 
it is A derivative of paenanthrene, and has the 
formula C 1B H 2g O„ whilst Levy (Ber. 1906, 3043), 
Koritsohoner (J. Soc. Chem. Ind. 1907, 641), 
cFahrion^J. Soc.’ Chem. Ind. 1907, 264), and 
'Vesterberg (Ber. 1907, 120) replbsent its coii- 
position as C ao H ao O a . According to Strecker 
(Annalcn, 150, 131), Duvemoy (Annalen, 148, 
143), and Eastcrfield qnd Bagley (l.c.), abietic 
acid is identical with sylvic acid; it is not 
identical with pimaric acid,*Whi«5h yields abietic 
acid on distillation under roduced pressure. 
By distilling abietic ifcid under, ordinary 
pressure, or, better, by treatment with hydriodjc 
acid, carbon dioxide is evolved, the hydrocarbon 
abielene C, 8 H 8 „ being formed (E. and* B. he., 
Levy, l.c. ; Kraem£r and Spilker, Ber. 1899, 
3614). Oxidation with nitric acid yields dinitro- 
propane and fraas-cyclo-hexane 1:2-dicarboxyl ic 
aeia. Distillation with sulphur converts abietic 
acid into retene, C JK H IB (E. and B., l.c. ; Veator- 
berg, Ber. 1903, 4200). Oxidation with potas¬ 
sium permanganate yields an acid C ]e H l0 O 3 , 
m.p. 123° (Mach, Monatsh. 1894, 627); and a 
method has been devised by Endemann (D. R. P. 
183328; Chem. Zentr. 1907, i. 1607) to oxidise 
resinous Materials, containing abietio acid, to 
rosin acids and malonic ajid. 

Abietic aeid is relatfeu'to retene and pinene, 
contains a cyclo-hexane ring and an tso-propyl 
group, and lias its carboxyl group attaohed to a 
tertiary carbon atom (Levy, Zeitsch. anorg. 
Chem. 1913, 81, 145). 

Sodium and potassium abietates are prepared 
by direct neutralisation; tho filver (wnite), 
copper* (pale t*ue), calcium, bariuin, strontium, 
cobalt ^vender), nickel (greenish-yellow), iron 
(light brown), zinc, chromium (grepnish-yellow), 
aluminium, manganese (pale pink), and cadmium 
salts are obtained by precipitation of solutions 
of salts of the respective metals by a solution 
of the alkaline abietate (Ellingson, l.c.). 

It is converted by the hydrogenation method 
of Willfltatter and Hatt into hydroubietic aeid 
0i,H gl O t , m.p. 176°-179°, [a] l «-16-85°, identical 
with the acid obtained by Maly by reduction 
„ with sodium amalgam and alcohol. For the 
optical isomerism of the abietio aoids, see 
Schulz, Chem. Zeit. 1917, 41, 666. 

Detection and Estimation .—The following 
oolour reactions may be used for detecting 
abietio aold:—(1) 3 vols. of cone, hydro¬ 
chloric acid ana 1 fol. of ferric chloride sol. 
give a violet red colouration; (2) sulphurio acid 
d^Molvea aldetio acid to a red solution; (3) when 
•heated with' dfy chloroform, acetic anhydride 
and eutohttrk) acid, a purple red colour is pro* 
duoed flanging through violet and blue to a 
greenish black (Mach. l.c. ). In order to estimate 
abietio acid in resins, &o., 10 grins, of the sub- 
stanoe are refluxed with 20-25 c.c. of 10 p.o. 
aloohoiio potash for £ houi on a water-bath ; the 
resulting soap is decomposed with dilute hydro¬ 
chloric acid, and the separated resin filtered off,. 
Washed with cold water and driqd. It is then* 
powdered and extracted with 5ff«o.o. of hot 
petroleum ether. From this solution abietic acid 
is precipitated b^ ammonia, filtered off, dried o* 
the water-bath, and Vj ammon j excelled by 


gently heating. The residue represents the 
amountof crude abietio aoid in the sample (Rebs, 
Chem. Zentr. 1907,1. 097). 

Abietio acid (or colophony) is used in assisting 
the growth of lactio or butyrio foments, as it 
favours the production of that which is present 
in tho greater quantity and suppresses the 
other. It promises to be of great use in the 
fermentation industry in preventing infection 
(Effront, Compt. rend. 136, 1556), ( v . Colo¬ 
phony). r 

AB1S0L. Trade name for a 40 g.o. solution 
of sodium bisulphite. Used as a disinfectant 
and preservative. •* • 

ABRASIVES. The various hard substances, 
chiefly of mineral origin, used for abrasive.pur- 
poses fall naturally into the following groups, in 
which the hardness is roughly inversely propor¬ 
tional to the complexity of chemical composition. 

Elements. —Diamond (g.v.) is the hardest of 
all substances (hardness = 10 on Mohs’s scale). 
Inferior material of no use for gems is known as 
bo art (or bort), and is crushed to powder and 
much used by lapidaries. Diamond powder is 
the only material with which diamond itself can 
be ground and polished. Embedded in the odge 
of a thin disc of soft iron, diamond powder 
is largely used for cutting gem-stonea and thin 
sections of rock specimens, and also for> slioing 
larger blocks of the harder ornamental stones. 
A black, compact vaLety of diamond known as 
carbonado (‘ carbonate ’ or ‘ carbon’) is em¬ 
bedded in tho steel crowns of rock-drills. 

Amongst artificial products, steel and some 
other hard metals aie used for abrasive purposes. 
The so-called crushed steel, made by quenching 
white-hot crucible steel, is used in the stone¬ 
cutting trade. Tantalum is an extremely hard 
metal and may in future find some application 
depending on hardness. 

Carbides. —Carborundum 1 (q.v.) or silicon 
carbide, CSi (H.=9|), is prepared artificially in 
the electric furnace from petroleum-coke and the 
purest quartz-sand, and is produced in large 
quantities at Niagara Fails. It is largely made 
into sharpening stones and grinding wheels; 
and sold under a variety of trade-names, e.g. 
crystolon, exolon, samite, &c. In lapidaries’ 
work it has to a large extent taken the place of 
corundum ; but although hardeathan corundum, 
it has the disadvantage of being more brittle, 
and it soon rubs to flour. Carbide of boron, 
CB 6 , and silicide of boron, SiB 8 , are also remark¬ 
able on aocount of their intense hardness (H. 
Moissan, Compt. rend. 1894, cxviii, 556). 

Oxide*.— C o r u n d u m {q.v.) Al a O, is, next 
to diamond, Jhe hardest of minerals (H. «= 9). 
The impure variety, emery (?.v.), is not quite so 
hard, Tne crushed and grade;! material is made 
i^to torundum wheels and emery paper, and is 
mpeh used in lapidaries’ work. Artificial 
coriyidum, knowr? by the trade-names of 
* alundum,’ ‘ aloxite,’ ‘ adamite,’ * borocarbone/ 
&c., is now manufactured in considerable 
amounts at Niagara Falls, by fusing bauxite in 
an electric furnace. * Corubin ’ is also an 
artificial corundum, formed as a by-product in 
the Goldschmidt thermite process. 

Quartz [q.v.) SiO t (H. **7), and its several 

1 So named by S. G. Acheron. In 1898, ifqra carbon and 
corundum, because before ft had been analysed, it was 
thought to be a compound of carbon and alumina 
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varieties find extensive applications. Millstones Prussia. Thews uuumw «u«,uuy w ruck salt; 

• and grindstones are ratwle of quartz-rock, Ceurnallitc, a double ohloride of potassium and 
quartzite, burrstone (or fmhrstone), grit, or magnesium ; Syhi%e, or potassium chloride; and 
sandstone ( <lv .); while scythe-stones, oilstones Kieserite, or magnesium Julfihate, v. Potassium. 
and whetswnes (p.r.) consist of hornstone, A ABRIN. A brownish yellow soluble su||tance 
lydian-stone and other compact varieties of ootainod from the seeds of .Abrut precdtorius 
quartz. In the form of sand, quartz is used as a (Indian liquorice or Jequirity). Cqptains a 
sand-blast, in scouring-soap, for cutting and poisonous proteid, resembling, if not identioiff 
grindift^ marble, making sand-paper, &o. Tri- Aith,ricin. lethal dose, according to Robert, is 
poli or infusorial earth is a powdery variety of only 0-00001 grnf. per kilo body-weight: ».«. 1 
opal (hydrat^l silica), and is used foApolishing, to 100,000,000. 

Silicate *—Garnet ( q.v .) (H. = 0J-7J) if ABROTINE C al H aa £)N a is a crystalline 

used for making ‘ emery ’ paper and cloth ; and diacid fluorescent, alkaloid from Artemisia 
felspar (q.v.) (H.=6) is also used to a small ahrotamm , somewhat resembling quinine (Gia- 
degree. Silicate rocks are employed to a Bmall cosa, Jahresbor. 1883, 1356). 
extdht; e.g. pumice for polishing, and the mill- ABSINTH. ( Amnthe , Fr.; Wermuthex- 

stone lava (leucite-nepheline-tephrite) of Nieder- tract, Ger.) One of <he Ik st-known liqueurs or 
mendig on the Rhine, for millstones. cordials (</.>’.), is made chiefly at Lyons, Mont- 

References. —J. V. Lewis, Abrasives (Mineral pdlier And Pon^arlier in France, and in former 
Industry, Now York, 1910, 1917, xxv, 22-33); yems (vide infra) at NcufcTifttd in Switzerland. 
F.J. Katz, Abrasive Materials (Mineral Resources It is a highly intoxicating spirituous liquor 
of the United States, U.S. Gcol. Survey, 1915, flavoured with oil of wormwood ( Artemisia 
1916, ii, 65-80); H. Rics, Economic Geology absinthium, nat. ord. Composites) and othgr 
(New York, 1916, 284 297, with bibliography), essontial oils as angelica, anise, oinnamon, 
L. J. S. clovos, fennel, hyssop, peppermint, &o. (t>. Oils, 
ABRASTOL or Asaprol - Etrasol. Trade Essential). 
names for tho calcium salt of 0-naphthol* There are three distinot processes in the* 
sulphonifc acid, Ca(C, 0 H 7 OSO 3 ) 2 ,3H 2 C, used in manufacture of absinth, viz.: maceration, dis- 
the clarification and preservation of wines. Tho tillation, and colouration. The leaves and flower- 
maximum quality needed for this purpose is tops of Artemisia absinthium, togethfl* with the 
10 grms. per hectolitre. According to Noclting other flavouring ingredients (which vary in kind 
ana Dujardin-Beaumetz and Stackler, tho sub- and quality according td the requirements of the 
stance is harmless from a hygienic point of view different manufacturers) are digested with spirit 
(see Mon. Sci. 1894, 8, 257; J. Soc. Chem. Ind. for periods varying from 12 hours to 10 (lays, 
1894, 177, 534). To detect its presence, according to the temperature of the infusion and 
Sangle-Ferri&re proceeds as follows (Corapt. the strength of tho spirit used. The Frenoh 
rend. 1893, 117, 796): 200 c.o. of tho wine is- manufacturers, as a rule, digest for short periods 
boiled for an hour in a reflux apparatus with at the tempe«ituro of an ordinary water bath, 

8 o.o. of hydrochlorio acid, when the abrastol and with spirit containing abo#fc 85° Alcohol, 
is hydrolysed to fl-naphthol, which may be whilst tho Swiss maceration process wW con- 
extracted with benzene, and tho residue left duoted at air temperature with spirit somewhat 
after distilling the benzene sol. taken up with below British * proof * strength, or about 50° 
chloroform. A fragment of potash is dropped alcohol. 

into the chloroform solution, which ia 1 oiled The infusion is distilled and the distillatetrans- 
for 2 mins., when a blue colouration is pro- ferred to the colouring vessel containing small 
duced ohanging to green and finally becoming absinth leaves, b«.lm and hyssop, dried and finely 
yellow. 0*1 grm. per litre may thus be detected, divided. This vessel is hermetically sealed and 
The presenoe of abrastol in no way vitiates the is gently heated by steam to a temperature of 
determination of potassium sulphate (J. Soo. 60* in order to extract chlorophyll. After 
Chem. Ind. 1894, 177). Sinibaldi (Mon. Sci. 7, cooling, the green liquor is drawn off, and 
842) has given the following method : 25 o.o. of strained, if necessary, through a hair sieve. The 
the wine are neutralised by ammonia and shaken colouring is sometimes separately prepared and 
with 25 o.o. of amyl alcohol. After separation, added as required to the colourless distillate, 
the amyl aloohol is boiled to expel ammonia, and Occasionally the latter is sweetened by the addi- 
when cold is shaken with 0-25 o.c. ferric chloride lion of about 5 p.c. by weight of crushed 
sol. A grey-blue colouration denotes abrastol. white sugar. Chlorophyll for imparting the 
Gabutti (Chem. Zentr. 1904, 2, JJ70) proceeds green colour to absinth (and other liqueurs) is 
in a similar way, but instead of ferrig chloriife, frequently obtained from nettleeA t irsley. and 
employs phosphgrio acid and formaldehyde spinach, and ia free from objecflmpevided tile. 

• solution, when, • in presence of abrastol, # a vegetable matter is sound. 

green fluorescence is produced. (For other On keeping, genuine absinth tiie 

methods, v. Sanna Pintus,lf. Soo. Chem.. Ind. yellowish tint appreciated by oonnoisaeurs, and 
1900, 933; Briand, Compt. rend. 1894, 118, its qualities generally are improved by ago. 
925; Carletti, Chem. Zentr. 1909, 2, 72. For Many objectionable varieties of absinth are, 
oolour reaotions, v. Barral, J. Pharm. Chim. 1903, however, on the market, made from inferior 
18, [0 206; Salomone, Chem. Zentr. 1907, i. 306.) spirit, to whioh essences and resins are added, the 
(For a review of the various methods of deteo- former to give a fictitious flavour and the latter 
fcion, v. Vitali, Apoth. Zeit. 1908, 23, 507; J. Soo. < to produce tiie opalescenoe whioh oepure in 
Chem. Ind. 1908, 830.) * genuine absjflth on.the addifioiyf water, owing 

ABRaUJI SALTS. (Ger. Abraumsalze: ‘salt# to the liberation of the essential oils, resinous 
. to be removed.*) The ^nixed salts found over- iiodies/and colouring mat&raWieriv^d from the 
laying the rock-salt deposit at Stassfqjt, inlfHflte and seeds used in ^manufacture. Other 
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colouring mattes than ^chlorophyll are also 
employed, as indigo, sulphate ot copper, picric 
acid and turmerio or other vegetable cokwr. 

Gum benzoin, guiaousi and rosin are also used 
to produce 1 milkinesS 1 on dilution, and ewn 
chlollle of antimony is said to have been em- 
ployed for this purpose. 

«► To Seteot adulteration it is usually suffi¬ 
cient to determine the essential oils, rcsiity, 
and colouring matters (tnd$ Hubert, ’ Ann. 

Chim. anal. 6 , 409, and Nividre and Hubert, 

Mon. Sci. 1895, 566). According to Hubert, 
absinth has a spccifi 6 gravity of 0-8966 to 
0-9982, and alcoholic strength* of 47 to 72 
p.o. by volume of absolute alcohol. 0 The 
average results of twelve samples expressed as 
grams per litre were as follows: essential oils, 

1*5 to 5-0; extractive, 0-36 to 1-72; acids, 

0 024 to 0-288; aldehydes, 0-005 to 0*lf5; fur¬ 
fural, 0-0002 to 0-007 fethers, 0 005 to 0-123. The 
strength of absinth as imported into the United 
kingdom varied from ‘ proof ’ to about 20 over 
proof, and rather more than 3000 gallons were im* 
j&rted annually before the war. The amount rose 
to 4000 gallons in 1915, since when its importation 
into the United Kingdom has been prohibited. 

• Although genuine absinth, taken in modera¬ 
tion, has valuable qualities as a cordial, sto- 
machio, and febrifuge, its characteristic bitter 
principle, absinthiin (q.v.), is an activo poison, 
having a very injurious effect upon the norvous 
system of those addicted * 4 to fcho habitual and 
immoderate consumption of absinth. Legal 
measures have therefore been taken in various 
European countries to control, restrict, or even 
prohibit its sale. In France, liqueurs may not 
contain more than 1 gram per litre of oil of 
wormwood or other oil of similar toxic rfature, 
whilst in Belgium and Swizerland*'the manufac¬ 
ture and sale of absinth have b&n entirely 
prohibited. J. C. 

ABSINTHIN or ABSINTHIIN C 1 B <H 8 „0 4 . The 
bitter principle extracted from the dried leaves 
of large absinth or wormwood ( Artemisia 
absinthium) is an active poison and it is to 
its presence in oil of wormwood that the toxio 
effect of absinth (q.v.) appears to be due. 

Various formulae have been assigned to this 
substance, the differences being due to the 
difficulty of obtaining it in a pure state (Mein, 
Annalen, 8,61; Luck, Annalen, 78,87; Kromayer, 

» Arch. Pharm. [2] 108, 129). 

Pure crystallised absinthiin was first isolated 
by Duqueanol (Bui. de Thorapeutique, 107, 438). 
Senger obtained absinthiin as a pale yellow 
amorphous substance^melting at 65° and having 
the empirioal formula C l 8 H 80 O 4 . This formula 
was confirmed later by Bourcet, who found that 
the pure substance crystallises in fine white 
prismatic needles melting at 68 °, the amorphous 
form and lower melting-point found by Senger 
being probably due to traces of a resinous 
imparity. 

Aooording to Senger and Bourcet, absinthiin 
is a glucoside, free from nitrogen, and is deoom- 
* posed by the aotion of dilute aoids, or even by 
boiling with water, into dextrose, a volatile oil, 
and a solid resinous body of the aromatic series.. 

•ft is soluble i* afcohol, ether, <!k(proform, or 
benzene; difficultly soluble in lighj petroleum, 

- water, tho\jgh «?or$ soluble in cola than in 
boiling water. It givtea precipitate with tanfii£ 


acid and with gold chloride, which is reduced on 
warming ; yields volatile fatty acids on oxidation , 
with nitrio aoid, andboxalio and piorio aoids with 
potassium ohromate and sulphuric aoid. With 
Frohde’s reagont it gives a brown oAiour, chang¬ 
ing to violet, then blue; and with sulphurio acid 
brown, passing through green to blue (Senger, 
Arch. Pharm. 230, 103; and Bourcet, Bull. Boo. 
ohira. [3] 19, 537). i. C. 

ABSINTHOL 0 10 H,.O. The essential prin¬ 
ciple of oil tf wormwood derived from Artemisia 
absinthium (nat. ord. Composiuk)^ a plant 
indigenous to most European countries and com¬ 
paratively reoently introduced into the United 
Stales of America, whence increasing supplies of 
the cheaper qualities of wormwood oil are-now 
obtained. 

Although the oil obtained by the distillation 
of wormwood has been known for at least four 
centuries, its chemical composition was first 
systematically Investigated in 1845, when Leblano 
(Compt. rend. 21, 379) showed that its principal 
constituent, boiling at 203°, has the formula 
0 10 II, fi O. This was confirmed later by Gladstone 
and other investigators (Chem. Soc. Trans. 17,1), 
and by Boilstein and Kupffer (Annalen, 170,290), 
who gavo to the product the name ‘ absinthol ,’ 
and identified its dehydration proctyot with 
cymcnc. 

Methods for the identification of absinthol 
have been described <by Cuniasse (J. Pharm. 
Chim. 1907, 25 (180-2)) and Enz (Chem. Zentr. 
1911, ii. 576), but these can hardly be accepted 
as conclusive of the presence of wormwood, 
since thujone occurs in other plants. A negative 
reaction, however, proves the absence of worm¬ 
wood. 

Semmler (Ber. 25, 3350) provod absinthol to 
be a ketone identical with thujone or tanacetone, 
which occurs largely in other essential oils, as oil 
of tansy, sage, and Artemisia bardieri. It is a 
oolourless oily liquid of pleasant odour, strongly 
dextrorotatory (about -f 68 °), boils at 203°, 
density 0*9126 at 20 °, and refractive index 
1-4495. 

Though isomeric with camphor, it differs from 
that body in combining with sodium bisulphite 
and in not being converted into camphoric aoid 
by means of nitrio^aoid, nor into campho- 
carboxylio acid by treatment with carbon 
dioxide and sodium. With melted potash it 

f ives a resin, but no aoid. When heated with 
’*S 6 and ZnCl 2 it yields cymene (Beilstein and 
Kupffer, Ber. 6 , 1183; Annalen, 170, 290; 
Wright, Chem. Soc. Trans. 27, 1 and 319; 
Semmler, Ber. 25, 3343 and 27, 895). J. C. 

ABUTILON INDICUM (Sweet), PETAREE 
o*> TUBOCUTx. The bark of this malvaceous 
tree oonsists of long, thin, tough fibrous strips 
(tyst fibres), and, according toVDymock (Pharm. 
J. [3] 8 , 383) and others, is worthy of attention 
as a source of fibre 4 * 

ABYSSINIAN GOLD. A yellow alloy of 00*7 
parts of oopper and 8-3 of zinc. The ingot is 
plated on one side with gold, and is then rolled 
out into sheets, from which articles of jewellery 
are formed in the usual way, the amount of 
gold on the finished article varying from 0*03 to 
‘I-03 p.o. Known also as Talmi gold. The term 
is sometimes applied in trade to. Aftminiura 
Bronze. , * 

ACACIA BARK, Acacice Cortex , B. P. The 
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dried bark of Acacia arabica (Willd) andiof A. 
decurrens (Willd). 

ACACIA CATECHU (Wild) or KHAIR is a 
tree growing in various parts of India. Its un¬ 
ripe pods ahd wood, Dy deooction, yield a 
cateonu (Agricult. Ledger, 1895, No. 1, and 
1896, No. 35), known by the name of Dutch or 
Kutoh, which must not bo confounded with the 
officinal catechu ( Catechu mllidum). It is used 
t in the preparation of some leathers and by dyers. 

' The timber ^ also used for constrifrtional and 
other purposes. 

ACACIA GUM v. Gums. 

• ACANTHITE. A form of silver sulphide found 
at the Enterprise mine, near Rico, in black 
crystals of orthorhombic habit (Chester, Zeitsch. 
Kryst. Min. 1896, 26, 526). 

ACAR01D RESIN or BOTANY BAY RESIN 
v. Xanthorrhcea Balsams, art. Balsamm. 

ACCIPENSERINE. A protamine belonging to 
the sturine group found in the testis of Acci- 
penser stellatus. Composition of the sulphate : 
Dj, 5 H 7a 0 9 N i „,4H a S0 4 (Kurao^ff, Zeitsch. physiol. 
Chem. 1901, 32, 197). 

ACENAPHTHENE QUINONE. SeeQuiNoN kk. 

ACERDOL. Trade-name for calcium per¬ 
manganate. 

ACESAL (diethyl acetal; ethylidene diethyl 
ether; ethauediol (1:1) diethyl ether) D 6 H 14 0 2 , 
or CH 3 'CH(00|JI 6 ) a . See. Acetals. 

ACETALS. Acetals Ao the ethers and esters 
derived from the so-called ycmznahglycols, which 
are themselves for the most part incapablo of 
existence; such glycols possess the general 
formulae— 

R,. /OH 

X 

11/ \)H 

(where Ri and R a may bo either hydrogen or 
aliphatio or aromatic radicals); tlioy split up at 
once into water and the corresponding anhydrous 
compound, which may be an aldohyde or a 
ketone; thus, in the case of ordinary acetalde¬ 
hyde, we havo tho relationships: 
DH 8 -CH(ODOCH 3 ) 2 DH 8 *DH(OD 2 H & ) a 

Ethylldeue diacefate. Acetal. 

±(CH 3 C0) 2 0 ±C 2 H 6 OU 

n dh 8 -dho 

Acetaldehyde. 

|±h 2 0 

[CH 3 -CH(OH) 2 ] 

Ethylldonc Kljool. 

Acetals may thus bo given the general formula: 
Ii °R S 

K/ , • 

(whore R, and Rj are any alkyl or aryl radicals, 
and R, and R* any aoidyl, alkyl or aralltyl 
radicals). 

We may distinguish tfb types of acetals, 
according to whether the products are alkyl 
ethers or acid esters ; the term ( acdal' is more 
usually applied to the former class. 

(a) Dialhjl Ethers of gem.-Glycols (Acetals of 
Aldehydes and Ketones). f 

Thetare produced by heating alcohol and 
an aldehyde alone, but the yield is very poof 
(Geuther, Annalen, 120, 62). A better yield 
is obtained by adding a small quantity .of a 


catalyst suqh as ferrTo chloride, or a trace of 
add to the mixture (Trillat and Cambier, Compfc. 
rend. 118, 1211}. Still better is the method of 
Fisoher and Giebe (Berf 30, 3053; 31, 545), 
consisting in passing I p.c. of hydrqddorio 
acid into the mixture and heating, or allowing 
to stand for some time ; after washing with a 
little dilute potassium carbonate solution fcL# 
jfroduct is (fried over anhydrous potassium 
carbonate and fsactionated, the yield, however, 
is only about 50 p.e. in the case of diethyl acetal, 
as the reaction is reversjble : 

R'0H0-f2D a H B , 0JJ ^ R CH(OC a H fi ) a -f H a O 

Acetals may also*be made by passing pure 
phosphine through • tho cooled mixture of 
aldehyde and alcohol (Girard, Dompt. rend. 
91, 629). 

Th# most convenient method for the pre¬ 
paration of acetals is, pofhaps, that described 
by King and Mason (Eng. Pat. 101428), consist¬ 
ing in treating a mixture of an aldehyde and an 
alcohol with certain motallic salts—or their 
.saturated aqueous solutions—such as fcne 
chlorides or nitrates of aluminium, calcium, 
cerium, magnesium, manganese, &o., thus 50 
grams acetaldehyde and 120 grams 95 p.o. 
alcohol aro mixed and then 20 grams anhydrous 
calcium chloride are added. The mixture 
becomes warm, and is allowed to staled for some 
time, with occasional shaking. It has then 
separated into two layers, tho upper of which is 
removed, washed with water, then with sodium 
carbonato solution dried over calcium chloride, 
and finally ovor anhydrous potassium oarbonate. 
It is then fractionated, and yields 120 grams 
acetaj, or 90 p.c. of theory. The addition of a 
small quantify an acid has the effect of 
causing tho reaction to take piaffe more Quickly. 

It is also possiblo tosprepare certain- acetals 
by heating another acetal with the desired 
alcohol: . 

R-CH(OR,) g +2IVOH 

^ R-CH(OR a ) a +2R l ‘OH 
Thus oil hoatimg ordinary diethyl aoetal with 
excess of methyl alcohol it is converted almost 
completely into dimethyl acetal (Delepine, 
Dompt. rend. 132, 968 ; Bull. Soo. chim. [3], 
25, 574). The converse, however, does not hold 
good, since, on heating dimethyl acetal with 
excess of ethyl alcohol practically no reaction 
occurs (Geuther and Bachmann, Annalen, 218, 
44). In general, the series of acetals oan be 
descended by heating any member of l&e group 
with an alcohol containing a smaller number of 
carbon atoms than is present in its alcohol 
residue. If a little hydroehlorio acid be added 
a balanced reaction takes place, and a certain 
proportion of all tho possible products is ob¬ 
tained, the products of higher moleoular weight 
predominating (Delepine, Compt. rend. 132, 
331, 968). Another general method of wide 
applicability is that of Claisen (Ber. 29, 1007 ; 
31, 1010; 40, 3903), consisting in treating the 
aldehyde or ketone with orthoformio ester in 
olcoholio solution in presence of a suitable 
catalyst, suqh as mineral aoids, oxalic acid, 
ferric chiositle, ammonium ^hlyide, sulphate or 
nitrate, &9. (cf. also Arbusow, Ber. 40, 3301; 
>Claisen, ibid. 40, 3912). Ortlfcfori#io esters oan 
•also rejet with alkyl E^Tgnesium salts to yield 
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*oetal» (Bodroux, Compt. rend. 138, 700 j 
T«ohit»chibaiim, Ber. 37, 186), or with halogo- 
nated fatty esters in presence of zinc (Tschitscm- 
bftbin, J. prak. Chem. |JB] 72, 326; Claiaen, Ber. 
31, IW): i 

(O i H^),'CH-OC,H s +BrCH(CH a )-COOR+Zn 
=(C 1 Hjp), , OH'CH(CH,) , OOOR+C i H 5 OZnBr 
Tb,H,0),-CH-CH(CHj)'C00R „ „ 

-*■ (C,H t O),'CH-CH(CH,)'COOH 

-> (C,H/0) 2 'CH'CH,'CH 3 
Certain special methods for production of acetals 
are available for formylal and diethyl acetal, 
and will be noted later. •« f 

General Properties. —The* true acetal?, or 
dialkyl ethors of j/ew-glfools, are colourless 
liquids of pleasant ethereal odour, which can be 
distilled without decomposition. The lower 
members are somewhat soluble in water, by 
which they are slowlf hydrolysed; in presence 
of dilute acids the hydrolysis is almost instan¬ 
taneous ; they are stable to alkalis even on 
boiling. With various metallic salts such as 
magnesium or zinc iodides, calcium chloride or 
magnesium bromide, double compounds aro 
formed, e.g. MgBr 8 -)-2CH 2 (COCH 3 ) 2 , m.p. 112°; 
MgI 2 +2CH 8 *CH(OC 2 H s ) 2 , m.p. 80° (Timmer¬ 
mans, Ohem. Zentr. 1907, 1, 1007). The acetals 
form hydrates in certain cases; thus, diethyl 
formylal firms a hydrate CH 2 (0C 2 H ri ) 2 -H 2 0, 
which is a liquid of b.p. 74°-75°, with an odour 
of rum, and dissolves m 15 parts water at 
20° C.; the higher homologues also form mono- j 
hydrates, boiling at lower temperatures than 
the acetals themselves (Trillat and Cambicr, 
Compt. rend. 118, 1278). 

The acetals are of considerable use mjilaee 
of the free aldehydes or ketones c for synthetic 

S osefc, on She one hand, owing to their 
jr boiling-points (c.f. acetaldehyde, b.p. 20°; 
diethyl acetal, b.p. 103°), and also to the fact 
that alcohol and not water is splffc off in tho 
condensation, which has a marked effoct on the 
yield. Thus in preparing vinyldiacctoneamme 
by condensing acetaldehyde or paraldehyde with 
diaoetoneamine acid oxalate (Fischer/ Ber. 
17, 1793 ; Heintz, Annalen, 178, 329 ; 191,122 ; 
Harries, Ber. 29, 522), only a poor yield of 
product is obtained even on prolonged heating ; 
Out if acetal be substituted the reaction is com¬ 
plete in a few hours with almost quantitative 
* yield (e/. King, Mason and Sehryver, Eng. Pat. 
101738) owing probably to the absence of the 
inhibiting effect of water. 

In addition, the acetals can be readily 
halogenaled and converted into amino-, hydroxy-, 
alkoxy-, &c., derivatives, which react like the 
corresponding aldehydes. 

. They can be separated from their aqueous 
solutions by the addition of concentrated 
calcium chloride solution. They are miscible 
with aloohol and ether; their vapours or solu¬ 
tions in alcohol, benzene, or acetone slowly 
harden dry gelatine films (Beckmann and 
t Scharfenberger, Chem. Zentr. 1899, ii. 930). 
* When heated in a sealed tube with glacial acetic 
acid the corresponding aldehyde is obtained 
(Beilstein, Annalen, 112, 239). t 

Mixed aceWs •bont&ining tWh. different 
alcohol residues have been described by Bach 


(Annalen, 279, 308), these consist of mixtures 
of two acetals in molecular proportions. Del£- 
pine, however (Coimpt. rend. 132, 331, 968), 
claimB to have obtained mixed acetals. 

Formylals CH 2 *(OR) 2 . 

Methylal CH 2 -(OCH 3 ) 2 (dimethyl formylal), 
b.p. 41'3°-41’7 0 , sp. gr. 0-862, can be obtained 
by treating a mixture of methyl alcohol and 
40 p.c. formaldehyde solution, with solid (Alcium 
chloride and a little hydrochloric acid (Fischer , 
and GiebeJ’ Ber. 30, 3054). It ymn also be 
obtained by treating methylene chioride with 
sodium methylate (Arnhold, Annalen, 240, 
197), and also by treating chlormethyl alkj^ 
ether CH a (OR)Cl (obtained by condensing 
formaldehyde and alcohol with excess of hy6tro- 
chloric acid) with sodium methylate (Favre, 
Compt. rend. 119, 284; Bull. Soc. chim. [3] 

11, 879 ; Henry, Ber. 26, Ref. 933 ; Compt. 
rend. 119,425 ; de Sonay, Ber. 27, Ref. 337); or 
by heating polyoxymcthylene and the required 
alcohol with 1 to 4 p.c. feme chloride for 2-10 
hours (Trillat and Cambier, Compt. rend. 118, 

1277) . It can be used for various condensations 
in place of formaldehyde, and is a good solvent 
for many organic compounds. (Of. also Katie, 
Annalen, 19, 175; Malaguti, Annalen, 32, 55; 
Rcnard, Ann. chim. pliys. [5| 17, 290* Briihl, 
Annalen, 203, 12, 25; Fileti and de Gftspari, 
Gazz. chim. Ital. 27, ii. 293; rTrillat, Compt. 
rend. 137, 187; Deftpine, Bull. Soc. chim. 
[3] 25, 364; Favre, Bull. Soc. chim. [3] 
11, 1096; Briihl, Ber. 30, 159; Berthelot, 
Compt. rend. 126, 675; Trillat and Cambier, 
Compt. rend. 118, 1277 ; Brochct, Bull. Soc. 
chim. |3] 13, 687.) 

The following formylals aro known, but the 
higher members are of little importance :— 

Diethyl methylal CH 2 -(OC 2 H 6 ) a , b.p. 87°; 
sp. gr. 0*834 (20°) (Arnhold, l.c. ; Greene, Chem. 
News, 50, 75; Pratesi, Ber. 16, 1870; Favre, 
l.c. ; Trillat and Cambier, Compt. rend. 118, 

1278) . 

Dipropyl methylal CH 2 -(OC 8 H,) 2 , b.p. 136°; 
sp. gr. 0-834 (20°) (Arnhold, l.c. ; Trillat and 
Cambier, l.c. ; Favre, Bull. Soc. chim. [3] 11, 
881). 

Di-isopropyl methylal CH 2 (OC 8 H 7 ) 2 , b.p. 
118°; sp. gr. 0-831 (f6°) (Arnhold, I.g. ; Trillat 
and Cambier, l.c.). 

Di-isotrutyl methylal CH 2 (OC 4 H 8 ) 2 , b.p. 164° ; 
sp. gr. 0-824 (20°) (Arnhold, l.c. ; Gorbow and 
Kessler, Ber. 20, Ref. 778 ; Trillat and Cambier, 
l.c.). 

Di-isoamyl methylal CH 2 (OC B H 13 ) 2 , b.p. 206°; 
sp. gr. 0-835 (20°) (Arnhold, l.c. ; Trillat and 
CamDier, l.c.). « 

' Dihexyl, methylal CH 2 (OC B H, 8 ) 2 +H a O, b.p. 
174°-175°; sp. gr. 0’822 (k5°) (Trillat and 
Cambier, l.c.). * 

Dioctyl methylal CH 2 -(OC 8 H 17 ) 2 , b.p. 289°; 
sp. gr. 0-848 (15°) fkmhold, l.c. ; Trillat and 
Cambier, l.c.). 

Vyclohxanol formal (C,,H u O) a 'CH a is pro¬ 
duced from cyclohexanol, 40 p.c. formaldehyde 
solution and hydrochloric acid (Murat and 
Cathala, J. Pharm. (’him. 6,289). 

.« Acetals CH a -CH(OR) a . 

Dimethyl acetal CH 8 -CH(OCH 2 ) 2 occurs in 
tfrude wood-spirit, b.p. 63° ; sp ; gr.cO-865 (22°) 


ttueht. (l.c.),?. but*- according to Riibencamp 1 (Dancer, Annalen, 132, 340; Alsberg, Jahreeb. 
(Annalen, 225, 271) aif^Fritz and^Schumacher ' t. Che^L 1864, 485; Geuther and Bachmann, 
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Annalen, 218, 44; Sohiff, Annalen, 220,• 104; 
223, 74). 4 

Diethyl acetal CH,CH(0C 4 H fi ), (usually 
known simj^y aa ‘Acetal’) (=ethylidene di¬ 
ethyl ether; ethane-diol-(l: 1 )-diethyl ether) 
(cf. Dobereiner, Gm. 4. 805; Liebig, Annalen, 
5, 25; 14, 150; Stas. Ann, Ckim. Phys. [3 j 
19, 146 ; Wurtz, Ann. Chim. Phys. [3] 48, 70 ; 
GeuthlSr, Annalen, 126,63). 

To prepare acetal by Wurtz’s method, 2 parts 
alcohof are added to a mixture of 3 ^arta man¬ 
ganese dio^jde, 3 parts sulphuric acid and 2 parts 
water, and, after the effervescence first produced 
ttas subsided, the whole is heated at 100 ° until 
3 parts have distilled over. The product is 
thefVfractionally distilled, and two portions, one 
boiling below 80° and the second boiling at 
80°-95°, are collected . 1 Each fraction is treated 
with solution of calcium chloride and the ethereal 
layer which separates is distilled. The product 
contains aldehyde and ethyl acetate in addition 
to acetal; to remove these it is shaken with con¬ 
centrated aqueous potash, the brown liquid 
separated from the aqueous layer is distilled, 
and the distillate shaken with calcium chloride. 
It is then heated with twice its volume of con¬ 
centrated aqueous soda in sealed tubes at 100 ° 
for 24 hnurs, separated from the soda, distilled, 
the distillate again rectified: the fraction 100 °- 
105°, which constitutes the greater portion, is 
acetal. • 

In addition to its formation as a by-product 
in the oxidation of alcohol, acetal can also bo 
obtained from a mixture of acetaldehyde (1 vol.) 
and absolute alcohol (2 volsl^(l) by heating with 
acotic acid (J vol.) for 12 hours at 100° (Geuther, 
Annalen, 126, 63); (2) by cooling in a freezing 
mixture, passing dry hydrogen chloride to satu¬ 
ration, and decomposing the resulting mono- 
ohlorether with sodium ethoxide (Wurtz and 
Frapolli, Compt. rend. 67, 418 ; Annalen, 108, 
223); or (3) by cooling a mixture of equal 
volumes to — 21 °, and passing a current of pure 
hydrogen phosphide for 24 hours (Engel and 
Girard, Compt. rend. 92, 692 ; J. 1880, 694). 

The most convenient method is that of 
King and Mason (E. P. 101428, vide supra). 
On a technical scale considerable interest 
attaches to the production of diethyl acetal from 
acetylene by a modification of the process of 
Kutscherow for preparing acetaldehyde from 
acetylene and water in the presence of a mercury 
catalyst [cf. Kutscherow, Ber. 14, 1540; 42, 
2759). Thus tho Chemische Fab. Griesheim 
Elektron (E. P. 14246, 1913) describe the pro¬ 
duction of ethers of ethylideno glycol by the 
action of acetylene upon alcohols in the presence 
>f mercury salts. They are stated to be solvents 
tor cellulose estei^. Boiteau (E. P. 15806, 1914) 
describes the production of ethylideno•ethnrs 
by a similar method ; and in E. P. 15919, 1914, 
i further modification is^claimed, consisting 
n forming the catalyst in situ, e.g. by adding 
mercuric oxide or the mercury salt of a weak 
mid to the liquid, and then adding sulphuric 
icid to form the sulphate. 

Acetal is a colourless liquid with agreeable 
>dour: b.p. 104°, and sp. gr. 0*821 at 22-4°, 

1 The^.nU given aa In the original paper, but 
uasmuch as o.d. of acetal Is 104 3 , it seems probable 
hat 95® is a misprint for %ome higher temperature— 
ay 105°. 


• 

(Stas, Annalen, 64, 3&); b.p. 103*7°““104*3 0 at 
744*4 mm., and sp. gr. 0*8314 at 20°/4° (Briihl, 
Adhalen, 203, 25). It is soluble in 18 fols. of 
water at 25°, and the solmbility increases as the 
temperature rises. Acetal is misoible 4n all 
proportions with alcohol and ether, dew not 
reduce amraoniacal silver solution, and is un¬ 
altered on exposure to air; platinuiff black* 
however, oxictoes it first to acetaldehyde and 
subsequently to poetic acid. For formation and 
hydrolysis, see Lapworth and Fitzgerald (Proc. 
Chora. Soc. 24, 153). 

Acetal has some solvent power for cellulose 
esters. A uSG fcrr acetal is suggested by 
Ostropiisslensky, ‘consisting in preparing 
erythreno (butadiene^from it by passing over a 
heated catalyst, such as alumina at 360°-460° 
(J. Russ. Phys. Chem. Soc. 47, 1472, 1509; cf. 
also Boiteau, E. P. 15806, 1914). Pictet (Ber. 
46, 2688; E. P. 17578,-1914) describes the 
production of a synthetio alkaloid, which he 
terms coralydine, by condensing * tetrahvdro* 
papaverine anti acetal in 16 p.o. hydrochloric 
aoid on the water-bath; the product exu#s 
in two isomeric forms, a- and 

On heating with phosphorus pentoxide the 
elements of alcohol are removed from acetal, 
leaving vinyl ethyl ether: 
CH 3 *CH(OC 8 U,) a ~C 2 H 6 OH = CH a :gi*0*C a H 8 

which foims a liquid, b.p. 35*5°; sp. gr. 0*762 
(14*6°), and is split dp by dilute sulphuric acid 
into acetaldehyde and alcohol (Wislicenus, 
Annalen, 192, 106; Henry, Compt. rend. 100, 
1007 ; Kef. Annalen, 298, 327 ; Claisen, Ber. 
31, 1021; Tschitschibabin, J. prak. Chem. [2] 
74, 424). When heated with acetic anhydride to 
150° one ethjl group is replaced by an acetyl 
group yielding 4 acetaldehyde^thyl ^etate,’ 
CH 3 *CH(0^ 2 H 5 )(0*C0*^H,), b.p. 125°-13<F; 
sp. gr. 0*941. On boiling with water it splits 
up into acetaldehyde, ethyl alcohol, and aoetlo 
acid (Clais, n, Ber. 31, 1018). 

Acetal does not give the iodoform rc action 
until shaken with a few drops of hydrochloric 
acid, whereby tto acetal is hydrolysed to alcohol 
and aldehyde. Estimation in presence of paral¬ 
dehyde, see Orion and McKie, Tians. Chem. Soc. 
109, 1K4. 

Derivatives.— Mono-, di-, and trichloracetal 
are obtained as intermediate products in the 
preparation of chloral bypassing chlorine through 
80 p.c. alcohol (Lieben, Ann. Chim. Phys. [3] 
52, 313; Patcnib, Compt. rend. 67, 765). 
According to Krey (J. 1876, 475), a better yield 
of these derivatives is oMained if a mixture of 
2 parts absolute alcohol, 3 parts manganese 
dioxide, 3 parts sulphuric acid, and 2 parts 
water is heated until # of the liquid has distilled 
over and chlorine is passed through Hie welt 
cooled distillate until it shows signs of turbidity, 
In either ease the product is washed with 
water, dried over calcium chloride, and sub¬ 
mitted to fractional distillation. The fraction 
80°-120° contains chiefly aldehyde and com¬ 
pound ethers, 120°-170° chiefly monochloracetal,' 
170°-185® dichloracetal (Lieben, lx.), and the 
fraction boiling above 185° oontains trichloraoetal 
(Paternb, Jto?.). These compounds may then 
be obtained in the pure swte by repeated 
fractionation. • # 

! * A better method of obtaining mtaiochlctfaoetal 
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u by passing chlorine thrSugh well-cooled 94 r 99 
p.o. alcohol until the chlorinated product has 
a sp. gr. 1 02-1 03 at 28°. Half the origial 
volume of alcohol ,is .added and the mixture 
heated a few hours a# 60°-60°. The free acid 
is rnoved by calcium oarbonate; the till 
washed with water, dried and fractionated. 
Jhe proportion of di- and tri- ohloro-derivatives 
formed depends on the amount ofgihlorme add* 1 
(Fritseh, Annalen, 279, 288). 

Monochloracetal CH t Cl'CH(&C a If s ) 8 (Lieben, 
Annalen, 140, 193; Patemd, Mazzara, Her. 0, 
1202 ; Klien, J. 1870, 386; Natterer, Monateh. 
3, 444 ; -5, 497 ; Wislicenus,. Antfalen, 192, 106 ; 
Frank, Annalen, 206, 341Fritsch, Annalen, 
279,300) is a colourless liquid, having an aromatic 
ethereal odour; b.p. 155°; sp.gr. 1 '0418 at 0°, 1 -020 
at 15° (Klien): 156°-158° (Autenrieth, Her. 24, 
159). When heated with bleaching powder it 
yields di- and trichloracetal, chloroform, and 
chlorinated acetaldehyde (Goldberg, J. pr 
Chem. [2] 24, 107). 

Dichloracetal OHCl 2 'CH(OCjH r ,) 2 (Jacobsen, 
Bar. 4,217 ; Pinner, Ber. 5, 148 ; Annalen, 179, 
34 ; Krey, lx. ; Patemd, Annalen, 149, 372 ; 
160, 134); b.p. 183°-184° ; so. gr. 1-1383 at 14". 
When troatou with hydrocarbons it forms com¬ 
pounds of tho type 0HX s -COlj-(Fritsch, Annalen, 
279,219; Wiechell, Annalen, 279,337 ; Buttcn- 
beig, Annajen, 279, 324). 

■ Trichloracetal OCla-CHfOC^Hs),, (Byasson, 
Bull. Soc. chim. 32, 304 f Wurtz, Frapolli, J. 
1872, 438); b.p. 197°; 204-8° at 758-7 mm. 
Patemd, Pisati J. 1872, 303), sp. gr. 1-2813. 
When heated with concentrated sulphuric add 
it yields chloral. 

Trichloracetal C 8 H lt Cl 3 O a . Obtainod by the 
action of chlorine on alcohol (Lieben, Paferno, 
Krey, l^c.) ; c^-stalliseB in monoclinic needles 
resembling caffeine ; m ; p. 89°. 4 

Monobromacetal (Pinner, Ber. 5, 149; Wis- 
lioenua, Annalen, 192, 112 ; Fischur a. Lund- 
steiner, Ber. 25, 2551; Freundler# a. Ledru, 
Compt. rend. 1905, 140, 794); b.p. '81°-82° at 
27-28 mm. (Freundler). According to F. a. L. a 
cheap method of making monobromaeetul is by 
brominating paraldehydo at 0° with constant 
shaking, mixing with absolute alcohol, and after 
standing 12 hours pouring into an ice-cold sol. 
of potassium carbonate. The separated oil is 
dried and fractionated in vacu6. 

Mtmoiodoacelal, b.p. 100° at 10 mm .; sp. gr. 
1-4944 at 15° (Hesse, Ber. 1897, 30, 1438). 

Aminoacelal NHj-CHj'CHtOCjHsJj was first 
prepared by Wohl by treating chloraeetal 
with ammonia (Ber. 21, 616). It can also be 
prepared by reducing nitroacotal (b.p. 14“; 
imp. 89°-91, from iodoacctal and silver nitrite) 
with sodium and aloohol. It forms a colourless 
oil of b.p. 172°-174°, with a strong amine 
smell; it emulsifies with a little water, but 
dissolves on adding more water, and can be 
separated from the solution by the addition of 
solid alkali. It is of some importance as a 
synthetic) agent, as it readily oondenses with 
aromatic aldehydes to form derivatives of iso- 
quinoline ; * 

a^CHO H,N OH 

\J + +‘2c,h s oh 


(CjH,0),CH 


CH 


Substituted alkylaininoacetals are also knowi 
(Paal and van Gcmber, Archiv. der Pharm 
246, 306 ; Stormer And Prall, Bor. 30, 1604). 

Acetal sulphide (acetalyl# sulphide 
[(9*H60) a 'CH'CH a )] 2 S has been prepared b.j 
iischer (Ber. 42, 1070) by heating chloraceta 
with aqueous potassium sulphide at 120°~150° 0. 
It forms a colourless liquid, b.p. 280° C. (7 5i 
ram.). It dissolves readily in water, from*whicI 
it can be precipitated by salt, and is decomposed 
by boiling vvith 1 p.c. hydrocWoriceacid. 

Ohloro-trieihyl-phosphinoacetal is described by 
Caldwell (Trans. Chem. Soc. 109,283). Prepare^ 
by heating monochloracetal and triethylphos- 
pbine ; it forms a viscous liquid of overpowering 
odour. The corresponding bromo compound if 
also described. They are hydrolysed to the 
respective aldehydes. 

Dipropyl acetal ClI 3 *CH(0*C 3 H 7 ) 2 , b.p. 147° ; 
sp. gr. 0 - 825 (22°) (de Girard, Compt. rend. 
91, 629). 

Di-n-bvtyl acetal CHa-CH^OCJI^o, b.p. 
198°-200° (King and Mason, Eng. Pat. 101428). 

Di-iso-butyl acetal CH 3 *CH(OC 4 H fl ) 2 , b.p. 
170°; sp. gr. 0*816 (22°) (Claus and Trainer, 
Ber. 19, 3006; de Girard, Compt. rend. 91, 
«29). e 

Di-iso-amyl acetal CH 3 *CH(OC 5 H n ) 2 , b.p. 
211°; sp. gr. 0*835 (16°) (Alsbwg, Jahrcsb. f. 
Chernie. 1864, 485 ; Claus and Trainer, lx.). 

Various other acetals have been prepared, 
but are for the most part unimportant.; the 
following may be noted :— 

Acrolein diethyl atetal CH 2 : CH*CH(OC 2 H 6 ) 2 , 
b.p. 123*6°; sp. gr. 0*8463 (15°); sparingly 
soluble in water, miscible with alcohol and 
ether; hydrolysed by cold hydrochloric acid 
(Wohl, Ber. 31, 1796. For reactions, sec Wohl, 
lx. ; Wohl and Emmerich, Ber. 33, 2761; 
Wohl and Schweitzer, Ber. 40, 92). Acrolein 
itself reacts with orthoformic ester, &c., to 
yield tho ethoxy derivative, of proptonald6hydc 
acetal CH 2 *(OC 2 H 5 )*CH 1 -CH(OC 2 H 5 ).>, b.p. 184°- 
186° (Claisen, Ber. 29, 2933 ; 31, 1014 ; Fischer 
and Giebe, Ber. 30, 3056). Similarly, crotonalde- 
hydo yields k-ethoxy-bvtyr aldehyde acetal 
CH 3 *CH(OC 2 H,)'CH i ^H(OC 8 H s ) 2 , b.p. 73°- 
74°/ 14 mm. (Claisen, lx.). 

Crotonaldehyde diethyl acetal, see Wohl and 
Frank (Ber. 35, 1904). 

Propargylaldehyd* diethyl acetal 

CH;0-CH(0C a H^ 2 

forms an oil with a camphor-like odour, b.p. 140° 
(Claisen, Ber. ,29, 2933; 31, 1015, 1022; 36, 
3664, 3668,; 40, 3907). 

Glycerine aldehyde acetal «> 

“ '■ OHj(OH)CH(OH)-CH(6c a H s ), 

from acrolein acetal^Wolil, Ber. 31, 1799). 

Acetals derived from ketones can be obtained 
by the action of the hydrochlorides of formimino- 
ethers or phenylacetimino-ethers (Claisen, Ber. 
31, 1012; 40, 3908; Reitter and Hess, Ber. 
40, 3023). 

l . Acetone dimethyl acetal (CH 3 ) a *C(OCH 3 ) l , 
b.p. 83. t 

Acetone diethyl acetal (CH^j'fyOCjHj)!, 


© (b.p. 114°. 
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Glycol acetal, see Pinner {Her. 5, 160), Verley, 
(Chem. Zentr. 1899, ii. 919)i 

Ethyl glyoxal acetal v 2 H^O'CH(OC 2 H 5 ) 2 , 
b.p. 62°-6^ /10-12 mm. (Dakin and Dudley, 
Trans Chem. Soe. 105, 2463; cf. also Am. 
Chem. Abstr. 7, 3343 ; 8 , 2252). 

The monosaccharides form derivatives termed 
glucosides ( q.v .), which are related to acetals, 
and it is probable that the true acetals aro 
intermediate products in their formation : 
HOC« 2 -[OH(OH)L-CHO+2HOCH3 # 

— U 2 0-f HOCH 2 [CH(OH)]x'CH(OCH 3 )2 
and these acetals then split off ono molecule of 
alcohol to form the glucosides (E. Fischer, Ber. 
28,til45), which are thus the oyelic- 7 -anhydro 
derivatives of the half acetals of the mono¬ 
saccharides. 

Aromatic acetals. The mono- and di- acetal 
derivatives of catechol are obtained by heating 
the monosodium derivative of catechol with 
monochloracetal (Moreau, Compt. rend. 12(5, 
1656). 

Verley describes the production of methyl 
acetals of aromatic glycols which are jasmine 
perfumes, and may bo prepared synthetically 
or from natural extract of jasmine, which con¬ 
sists essentially of the methyl acetal of phenyl 
glycol (Eng. Pat. 4779, 189S); this substance : 


l / 1 I 
0 u 

ci* a 


is produced by heating phenyl glycol and 
formic aldehyde with dilute sulphuiic acid. 
It forms an oil, b.p. 101 ° / 12 mm., and is 
identical with the natural perfume. If acetal¬ 
dehyde be used in place of formaldehyde the 
ethyl acetal is formed, b.p. 103°/12 mm. 

Dieihyllienzaldehyde acclal C 6 iir,-CH(OC 2 H 0 ) 2 . 
may bo prepared by the mothod of Fischer and 
Giebo (l.c.) by treatmg the aldehyde with 5 
times its weight of 1 p.c. ethyl alcoholic hydro¬ 
chloric acid, and heating to 100 ° for 60 hours, 
cooling, diluting with, water, and extracting 
with ether; or, better, by Claisen’s method : 
37-5 grams benzaldehyde, 57 grams orthoformic 
ester, and 49 grams alcohol, and 0’76 gram 
ammonium chloride are refluxed for 10 minutes. 
The product is then distilled from the accom¬ 
panying formic ester (b.p. 82°), and after further 
purification with potassium carbonato is 
fractionated, the acetal distilling over between 
217° and 223°. Yield 62 grams or 97 p.c. of 
theory. A traco of hydrochlorio^cid may afoo 
bo used as a catalyst in place of the Anmonium 
chloride (Claisen,Jf.c.). 9 • 

(b) Acidyl derivatives of gem -Glycols. 

The diacyl derivatives corresponding to the 
true aoetals: 

g'>C(O 00 -R a ), 

■*. 

(R, and U 2 =alkyl or hydrogen) have hitherto 
been of slight'importance in industry ; recently,! 
however, the diacetyl esters of ethylidene glycol 
have oome^nto prominence as a means for the 
production of aoetio anhydride. They may be 
prepared by condensing acid chlorides wi k 


carbonyl compounds to a-ohloralkyl fatty esters, 
ami then treating these with silver or potassium 
salts of the same or different acids 

Cl • * 

CJI a '0H< 0 . C0 . CH +Ag0-C0-CH a , 

=AgCl+CH a -eH<g£o:cfl H 4 

(fiohiff, Bor. 306 ; Geuther and Riibencamp, 
Annalen, 225, ,273). Acidyl derivatives of 
methylene glycols can be obtained by treating 
methylcnedihalogonides with the silver salts of 
fatty acids: 

CH j s +2Ag0't!0@H a =2AgI+CH a (0'C0'CH a ) a 
(Bufcferow, Annulen. 107, 111 ; Amhold, 

Annalon, 240, 204), Or by condensing polyoxy- 
methylenes with acid chlorides or anhydrides 
in presence of zinc chloride 

K'COv. /~v i /'iTT 

RC 0 > 0 +CHa °“R-C 0 * 0 > 0H « 


(Dcscudc, Bull. Soc. chim. [3] 27, 867). 

The following derivatives are known 
Methylene diacetate CH 2 (0 - C0CH 3 ) 2 , b.f>. 
170° (Butlorow, Annalen, 107, 111; Deseude, 
Bull. Soc. chim. [3J 27, 1215). 

Ethylidene diaedate CH 8 -CH(OCOCH a ) 2 , b.p. 
169° r sp. gr. 1-073 (15°) (Geuther, Annalen, 
106, 249; Sehiff, Ber. 9, 306; Franchimont, 
Rcc. trav. chim. 1, 248; Geuther a«d Riiben- 
camp, Annalen, 225, 273). 

Ethyhdene diproptonate OH 3 OH(OCOC 2 H 6 )’ I , 
b.p. 192°; sp. gr. 1-020 (15°) (Geuther and 
iiubencamp, l.c.; cf. also Eng. Pat. 14246,1913). 

Ethylidene dibutyrate CH 3 *CH(OCOG 8 H 7 ) a , 
b.p. 215°; sp. gr. 0*985 (15°) (Geuther and 
Riibencamp, l.c.). 

Efhylidenedi-iaovakrianatc 

CH 3 -CH(OCO-C 4 H# 2 , • 
b.p. 225°; * sp. gr. 0-947 (15°) (Geuther and 
Ru bcncamp^hc.). 

Of these ethylidene diacetate is by far the 
most important; it is now made technically by 
passing acetylene into acotio acid containing 
a mercury salt as oatalyst 

C a H a 4-2CH3<^00H=CH 8 , CH(0 , C0CH|) a 
TheCkemisch Fab. Griesheim Elektron (Eng. 
Pat. 14246, 1913) claim the production of esters 
of ethylidene glycol and vinyl aloohol by the 
action of aeetylone upon compounds containing 
carboxyl groups in the presence of mercury 
salts; the esters aro stated to be solvents for 
cellulose esters; in an example, 250 grams of 
anhydrous acetic acid aro mixed with 10 grams 
mercury sulphate and, 9 at 60°-80° C., dry 
acetylene is passed through until action ceases. 
The product on distillation yields 80-90 p.c. of 
the theoretical amount of the ester. , 

Boitcau (Eng. Pat. 15919, 1914) claims a 
modification consisting in forming the required 
catalyst in the substance heated." For example,, 
mercuric oxide, or a meroury salt of a weak 
acid, such as acetio acid, is dissolved in glacial 
acetic acid, sulphurio acid is then added, and 
acetylene .passed in. 

The Soc. Chim. dea Usines du Rhone describe 
i (Eng. Pat. 112765> a further modification in 
which ethvMaene diacetate # ifl prepared by the 
reaction of acetylene on glacial acetic acid m the 
.presence of mercury acei&teeand ^iromatic or 
.afiohatic sulohonic acid*.* In Em?. Pat. 112766 
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the 8 —v ilso the use of mercwry 

acetate and sulphurio esters, e.g. methylene 
sulphate. • 

The diacetio ester obtained by any of these 
prooMues splits up on heating into acetaldehyde 
(or pwaldenyde) and acetic anhydride : * 

^CH 8 -Cii(0C0'CH3) a =CH 8 CH0+0(C0-CH 3 ) a 

Thus, the Boenische Elektriziliits A. G. (En$. 
Pat. 23190, 1914) claim the production of acetic 
anhydride by heating ethylidene diacotate above 
its boiling-point, or by heating it with catalysts, 
such as sulphuric acicf or mercuric sulphate. 
The Soc: Chun. dcs Usines ck» Rfl 6 ne (Eng. Pat. 
110906) describe the prdtluction of acetic 

diacetato under reduced pressure in the presence 
of catalysts, such as acids or acid salts. For 
instance, 400 parts of the ester and 8 ^arts of 
sulphuric acid (06° lit.) are placed in a suitable 1 
vessel and heated to 70°-80* C. at a pressure of 
100 mm. In two hours 350 parts of a mixture 
of paraldehyde and acetic anhydride distil 
ofer. (The boiling-point of ethylidene diacotate 
at 100 mm. is about 115° C.) (Of. also Eng. Pat. 
131399, Soc. Chirn. des Usines du Rhone.) The 
diacotate can also be made by heating acetaldo- 
hydo with aoetic anhydrido (Geuther, Annalen, 
106, 249), but tho yield is poor, and the method 
is withouWochnieal importance. 

Benzylidene diacetate C fi H r ,CH(OCOCH 8 ) 2 , 
m.p. 45°-46°; b.p. 220 # (225°- 230°), can be 
prepared by heating 20 grams benzyl chloride 
with 35 grams lead peroxide and 80 c.c. boiling 
acetic acid (Bodroux, Bull. Soc. chirn. [3] 21, 
331); by refluxing 20 grams benzaldehydo witli 
20 grams acetic anhydride and 10 grams acetic 
*cia lor 3 hours at 150°-180° (jfef, Annalen, 
298, 27€), or by passing air through a mixture 
of benzaldehyde and ac#tic anhydridrf containing 
a trace of acetic acid (Freer and Novy, Am. 
Chem. J. 27, 160). In "complotcf absence of 
acetic acid no action occurs. It is only slowly 
attacked by boiling with sodium carbonate 
solution or by treatment with soda lye, but is 
hydrolysed by cold concentrated sulphuric or 
xutrio acids. (Of. also Wicke, Annalen, 102, 368 ; 
Geuther, ibid. 106, 251 ; Limpricht, ibid. 139, 
321 ; Beilstein and Kuhlberg, ibid. 146, 323; 
and Zeit. f. Chemie. 1867, 277; 1868, 172; 
Chem. Zentr. 1908, 1, 1831 ; 1909, 2, 1220.) 

F. A. M. 

ACETAMIDE C 2 H 6 NO, or CH 3 .CONH a . 

(Hofmann, Ber. 15,980; Schulze, J. pr. Chem. 
[2] 27, 512; Keller, J. pr. Chem. [2J 31, 364; 
Aschan, Ber. 31, 234#; Kiindig, Annalen, 105, 
277; Abel, J. Soc. Chem. Ind. 1899, 515.) 
Acetamide is usually prepared by the dry 
distillation of aftimonium acetate; a better yiold 
(91*7 p.c.) and a purer product is obtained by 
distilling ammonium diacetate in the special 
apparatus described by Francois (J. Pharm. 
Chim. 23, 230). Between 135° and 195° aoetic 
aOid and water are evolved, and at 195*- 
222* some acetamide passes over. When the 
temperature remains constant at 222 ° the dis¬ 
tillation is stopped, the residue being pure 
acetamide. A nearly theorefricalvi<*ld is obtained « 
by saturating Admixture of efhyl Vetate and 


Acetamide forms wnite hexagonal crystals 
which are odourless when pure, and melt at 
81°-82 # (Hofmann, Her. 14, 2729; Mason, Chem. 
Soc. Trans. 1889, 107; Meyer, I^sr. 22, 24; 
Forster, Chem. Soc. Trans. 1898, 791; Nicol, 
Zeifcsch. anorg. Chem. 15, 397), boils at 222° 
(cor.) [Kiindig], is readily soluble in water, 
and when heated with acids or alkalis i 2 con¬ 
verted into acetio acid and ammonia (Cdliinck, 
Compt. rend. 121, 893 ; 126, 907 ; 127, 1028; 
Dunsfcan a. Dymond, Chem. Soc. 4Trans. 1894, 
220 ; Guebct, Compt. rend. 129, 61).« Chlorine, 
led into fused acetamide, yields acetchloramide 
CHa’CONHCl; and bromine, in the presence ol 
dilute aqueous potash or soda yields acctbrom- 
amide, which on distillation with concentrated 
aqueous soda is converted into methylamine 
(Hofmann, Ber. 15, 408); Buchner and Papen- 
dieck, Ber. 25, 1160; Selivanoff, Ber. 26, 423; 
Francois, Compt. rend. 147, 680; 148, 173; 
Behrcnd a. Schreiber, Annalen, 318, 371). 
Acetamide acts both as a base and an acid 
(Pinnerand Klien, Ber. 10,1896),combining with 
hydrogen chloride or nitric acid, and forming 
compounds in which a metal takes the place of 
oneatomof hydrogen,as C 2 H 8 0*NHAg (Strecker, 
Annalen, 103, 321 ; Tafel and Enock, Ber. 23, 
1550; Blacher, Ber. 28, 432; Hofminn and 
Bagge, Bor. 41, 312; Titherley, Chem. Soc. 
Trans. 1897,467). According t*Forster (Chem. 
Soc. Trans. 1898, 783), mercury acetamide is a 
powerful dehydrogenising agent and owing to its 
tendency to exchange its mercury for hydrogen 
when the latter is attached to nitrogen, particu¬ 
larly when hydroxyl groups are in proximity, 
it can be employed as a convenient means of 
detecting primary and secondary hydrazines 
and primary hydroxy laminea. It has also a 
marked tendency to form additive compounds 
(Morgan, Chem. Soc. Proc. 1906, 23). The 
hydrogen intheNH 2 group has also been replaced 
by alkyl groups (Titherley, Chem. Soo. Trans. 
1901,390, 411,413). Acetamide forms molecular 
compounds of the typo CH 8 CONH 2 ,X, where 
X = an organio or inorganic acid or an inorganic 
salt (Titherley, l.c. ; Topin, Ann. Chim. Phys. 
[7] 5, 99). Whon acetamide is treated with 
formaldehyde, paraldehyde, or trioxymethylene, 
condensation produetsof the type RNH-CH a 0H 
are obtained; these products are of value as 
antisoptios and as solvents for uric acid (J. Soc. 
Chem. Ind. 1906, 283). Mono-, di-, and tri- 
chloracetamide (Willm, Annalen, 102, 110; 
Geuther, J. 1864, 317 ; Pinner and Fuchs, Ber. 
10, 1066; Malaguti, Annalen, 56, 286; Clo&E, 
Annalen, 60, 261 ; Bauer, Annalen, 229, 165; 
Dootson, Chem. Soc. Trans. 1899, 171 ; Swartz, 
Cncra. Zeitfr. 1899, [i.] 588 ; Clermont, Compt. 
rond. 133, 737). Bromo-diall»yl-acetamide (J. 
Sap. tliem. Ind. 1904, 1238) ahd other halogen 
derivatives have also been prepared (Selivanoff, 
J. Russ. Phys. Cl#m. Soc. 24, 132; Broohe, 
J. pr. Chem. J2], 60, 97 ; Conrad, Ber. 29,1042; 
Zincke and Kegel, Ber. 23, 230, Willstatter, Ber. 
37,1775; Steinkopf, Ber. 41, 3571; Swartz, l.c.; 
Francesconi, Gazz. chim. ital. 33, 226; R&tz, 
Monatsh. 1904, ‘ 25, 687; Einhqyn, Annalen, 
^43,203; Finger, J. pr. Chem. 1906, [ii.j 74,153). 

The acetamido /3-naphthaquinones qjid some 
df their halogen derivatives whioh ma^ be used in 
i dyeing (Kehrmann and* Zimmerli, Matis, and 
Locke$, Ber. 31,2405; Kehrmann and Aebi, Ber. 
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ax, vase; jEieariuauu and \4oIff, Ber. 33, *1538) folic wing reactions may be used for detecting 
and other acetamide derivatives have been pro- itsjpresence : (1) bromine water added to a 
pared (J. Soo. Chem. Ind. 1894, GO; Lumiero, solution of acetanilide in aoetio acid gives a 
Bull. Soc. chim. 1903, iii. 30,906; Ratz, Monatsh. white crystalline precipitate of p-bromaoetani- 
20, 1487 ; Miolati, Gazz. chim. ital. 23, 190). lide, m.p. 167°; (2) evaporation of a station 
Diacetamide C 4 H 7 NO a , or NH(C 2 H 3 0) Z and to* dryness with mercurous nitrate gives a 
its derivatives (see Gautier, Z. 1869, 127 ; green mass, changing to blood red on yldifcion 
Hofmann, Ber. 14, 2731; Hontschel, Ber. 23, of a drop of concentrated sulphuric acid; (3)* 
2394 ;Curtiu8, Ber. 23, 3037; Mathews, Amer. fA-rie chloride#gives no blooa-red colouration 
Chem. J. 20, 648; Konig, J. pr. Chem. 1904, [ii.] with acetanilide* thus distinguishing it from 
69, 1; Troeger, J. pr. Chem. 69, 341; Triacet • phenacetin and antipyrine. 
amide C # H*NOa, or N(C 2 H 3 0) 3 and its deriva- Derivatives. —Chloracetanilides (Jones and 

tives (see Wichelhaus, Ber. 3, 847). Orton, Chem. Soc. Trails. 1909, 1050); Nitro* 

• ACETANILIDE CgHj/NHCOCH;,, also acetanilides (HT>lk*flan and Sluiter, Rec. trav. 
known as Antifebrin , is prepared by heating chim.,1906, 208). * 

together glacial acetic acid and aniline for some ACETIC ACID. Mide Acitique. Essigsdure. 
time. Acidum Aceticum. C 2 H 4 0 8 t.e. CH 8 'COOH, or 

For an account of its preparation on a C 2 H 3 0*0H. 
manufacturing scale, see Muller, Cliem. Zeit. Acefce acid occurs in nature in the juices of 
1912, 36, 1055 : quoted by Cain, * Manufacture many plants, especially trees, either as free acid 
of Intermediate Products for Dyes,’ Macmillan or, generally, as the calcium or potassium salt; 

& Co., p. 51. and, in the form of organic acetates, in the oils 

By substituting thioacctic acid for acetic acid from many seeds. It is stated to be present in 
the reaction proceeds more rapidly and at a larger quantities when the plants are kept from 
lower temperature (Pawlewski, Ber. 1898, 661). the light. It’ exists in certain' animal fluids ; 
Acetanilide may also bo prepared by heating Bechamp states it to be a normal constituent 
1 part of aniline with 12 parts of dilute acetic of milk. Gmelin and Geiger have found it in 
acid or ofccrudc pyroligneous acid under pressure mineral waters, doubtless from the decomposition 
at 150°-160° (Matheson & Co., Eng. Pat. 6220 of organic matter. 

and D. R. P. 9^70; J. Soc. Chem. Ind. 1897, Being a very stable body both at tM^TJrdinary 
659). • and at high temperatures, it is found as a pro- 

A simple laboratory method consists in duct of the decomposition or destructive dis- 

gontly 'boiling a mixture of equal weights of tillation of many organic substances. Acetic 

aniline and acetic acid with 2 J p.c. of zipc ac id was first shown by Lavoisier to be formed 
chloride under a reflux condenser for 3 hours, by the oxidation of alcohol. Its true compose- 
when the whole is poured into water and the tion was ascertained by Berzelius in 1814, and 
acetanilide re-crystallised from water. The use in 18SD E. Davy (Schwoigger’s J., 1821, 1, 340) 

of pure aniline obviates the necessity of de- provea that # it was formed, together With* 

colorising with animal charcoal. water, by the oxidation of alcobftl, without the 

The substance melts at 114-2° (Reissert, Ber. formation of carbonic acid as had been previously 
1890, 2243), at 115°-116° (Uantzsch and Fresse, supposed. It was this observation which lea 
Bor. 1894, 2529), and boils without decomposi- Dobereiner {ibid. 8/321) to explain acetic 
tion at 303-8° (con 1 .) (Pictet and Crepieux, Ber. fermontation as a simple process of oxidation, - 
1888, 1111), at 305° (corr.) (Porkiri, Chem. Soc. Preparation. —Acetic acid is produced by the 

Trans. 1896, 1216); it is soluble in hot water, oxidation, decomposition, and destructive dis- 
alcohol, or ether. tillation of many organic bodies. The greater 

Acetanilide is hydrolysed at 100° by caustic part of that used in commerco is obtained by 

potash or by hydrochloric acid, but not by the destructive distillation of wood, 
sulphuric acid (Hantzsch and Fresse, Ber. 1894, Hawley and Palmer (Eighth Int. Cong. Appl. 
2529); it is rapidly decomposed by chromic Chem. 1912 [4] Orig. Comm. 6, 138) have shown 
acid, liberating carbon dioxide, and producing that the temperature within the retort above 

colouring matters (De Coninck, Compt. rend. 320° has but little influence on the yield of ‘ 

1899, 503). It reacts with zinc chloride at 180° acetic acid obtained in the destructive distilla- 
with the formation of the yellow dye Jlavaniline tion of wood. They obtained the following 
(Braiitigam, Pharm. Zeit. 44, 75). average amounts of 100 p.c. acid from samples , 

By treating a solution of acetanilide in 0 f the body wood and slaW (t.e. body wood and 
sulphuric acid with a mixture of nitric and bark together) of the hard woods commonly 
sulphuric acids and hydrolysing tne jyoduct,<t used for the distillation in U.S.A.: Birch, 8*50; 
is converted into^nitroanihne beech, 5-55; maple, 4-95; red gum, 5’10* 

* /~\ • # chestnut, 5-32; hickory, 4-61; and oak,-4’70 

NH t / yNO a p.c., calculated on the dry weight of the wood. 

Acetic acid may also be obtained by boiling 
Acetanilide is present in the urine of cows sawdust with water under a pressure of 0 atmos. 
(Petermann, Ann. Chim. anal. 1901, 165). It is Under these conditions Bergstrom (Papierfabr. 
largely used in headache powders and to adultc- 1913, 11, 305) obtained from H7 to 1*37 p.c, t 
rate drugs, such as phenacetin. It seems to of acetic acid, and 0’19 to 0-23 p.c. of formic 
act physiologically by the slow liberation of acid from coniferous woods (spruce, pine), and 
aniline, and may thus give rise to aniline poison- i more than tw^ce as much acetic acid, and rather 
ing. It is oxidised to some extent in the* less formic ^id from birch fnd^ther deoiduous 
body t8 ^-aminophenol. For methods ofr woods. Analogous results were obtained by 
estimation u. Puokner. Ph. Rev. 1905, 302, ^destructive distillation of # thd» woqfls, and for 
and Seidell, Amer. Chem. J. 1907, 1091. # The jilfis reason lime acetat^made from the wood 
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of deciduous trees contain less formic acid tXan 
those prepared from coniferous wood. I 

In Raisin’s process (Fr. Pats. 446871 and 
446878, 1911) sawchis{/ is hydrolysed at about 
150°ji)y means of sulphurous acid and stetun, 
and tne acid vapours are condensed and neutral¬ 
ised wi|h soda. Calvert (Eng. Pat. 10687, 
•1913) cla ims a method of producing acetic acid 
by the destructive distillation M coffee busts 
in a retort provided with a screw conveyor. 

In 1910 the amount of acetate of lime 
produced in U.8.A. from hard woods was 
162,772,000 lbs., and the amount of acetic acid 
in 1909 Was 61,963,000 lbs.^he bulk of which 
was used in the manufacture of dyes and«papcr 
(Palmer, Oil, Paint, and •Drug Rep. March 9, 
1914). 

A method of obtaining acetic acid by the 
destructive distillation of coal, lignite, kc., has 
been patented (Behrens, Ger. Pat. 276049, 
- 1913). Ethylcnic compounds are isolated from 
the gases by means of sulphuric acid, mixed 
with carbon dioxide, and heated to about 400°. 
Aljout 75 p.c. of the ethylenic compounds arc 
thus converted into acetaldehyde?, which is then 
oxidised to acetic acid ( vide in fra). 

Manufacture of Acetic Acid fiom Alcohol .— 
Alcohol may be converted into acetic acid by 
powerful oxidising .agents, such as chromic 
acid, niftfl? acid, &c. Advantage may be taken 
of the fact that spongy platinum or platinum 
black has the proporty of absorbing oxygon, and 
thus acting as a powerful oxidising agent. If 
spongy platinum be placed over a vessel of 
alcohol with free accoss of air, the platinum 
absorbs at the same time the oxygen and tho 
alcohol vapour, which combine and produce 
acetic acid and water :— 9 

Cll s OH,(Jfet+O a = CH.COOHH.OHj 

Alcohol. • Acetic acid. 

In addition to acetic acid, aldehyde (acetic 
aldehyde) is produced, which is intermediate 
in composition between alcohol and acetic 
acid. It is formed by the removal of two 
atoms of hydrogen from the alcohol and their 
replacement by an atom of oxygen :— 

CH 8 ‘CH 3 0H+0=CHyCHO+H a O 
Alcohol. Aldehyde. 

In presence of excess of oxygen aldehyde 
forms acetio acid. Aldehyde is a very volatile 
liquid, and is liable to be lost before its conver¬ 
sion into acetic acid ; it is therefore necessary in 
all cases where acetic acid is produced by the 
s oxidation of alcohol to allow free access of air. 

This method produces a very pure acetic 
aoid, but on account of the initial cost of the 
platinum (which, however, is not in any way in¬ 
jured by use) it is not extensively used on the 
manufacturing scale. 

Numerous patents have been taken out for 
the oxidation of alcohol jor leetaldehydo 
aoefcio acid. In Bqhrens’' pro&ss 
idised to 




to 
v Pat. 
pdo by 


223308, 1908) alcohol is oxidised 
, the action of air in the presence of platinum 
catalyst. J^e^aldchyde is Separated by frac¬ 
tional) distillation, ^and? jjfter {he addition of 


it i%elJitrolytioall£ oxidised. The 
cid producecrhiay then recovered 

lifttiflietinn in a nnllinin' sAill < * L 


coddhctij4, Jt 
balk of the acid 
by a single liiaUllstiot! in a column'sfilfT 
In a later pfl.tiP.nt. f»f RahrAnn (V.ntT 


28839*, 1910), the Alcohol is oxidised “by the 
catalytic action of i zinc oxide at about 360°, 
and the aldehyde tiren oxidised by contact with 
oxygen in an absorbing tower. c 

According to another process patented by 
the Chem. Fabr. Griesheim-Elektron (Eng. Pat. 
17424, 1911), acetaldehyde is oxidised by means 
of air in the presence of acetic acid or a chlorine 
derivative thereof, a catalyst, such as vafladium 
pentoxide, or uranium oxide, being also used to 
promote the reaction; or the aldehyde may 
first be oxidised by excess of oxyge* (Eng. Pat. 
8076, 1912). 

Tho addition of small amounts of manganeffo 
compounds promotes the oxidation, without tho 
risk of explosion attending the use of comptjhnds 
of vanadium, chromium, fir cerium (Consortium 
Elektrochem. Ind.; Er. Pat. 460971, 1913). 

By mixing the acetaldehydo with about 1 
p.c. of ceric oxide or other catalyst, and treating 
it with oxygen under a pressure of about 2 
atmospheres, or with air at about 5 atmospheres, 
about 95 p.c. of tho theoretical yield of anhydrous 
acetic acid is obtainable (Farbenwerke vorm. 
Meistor, Lucius and Bruning ; Eng. Pat. 10377, 
1914). 

The Badische Anilin u. Soda Fabr. (Ger. Pat. 
294724, 1914) has claimed a process of«bxidising 
acetaldehyde by means of air or oxygen In the 
presence of iron compounds a* d organic salts 
of alkalis, alkaline ear ths, aluminium or mag¬ 
nesium. Tho reaction is stated to take plaoe 
rapidly, and without the aid of heat, whilst no 
por-acids are produced. 

In ilibbert’s process (U.S. Pat. 1230899, 
1917), wood charcoal previously saturated with 
strong acetic acid is used as the contact material 
for tne oxidation of acetaldehydo by means of 
oxygen. 

Manufacture from Acetylene. —A French 
patent (300249, 1905) describos the preparation 
of acetic acid from acetylene. Acetylene is 
passed into a solution of a normal mercuric 
salt, which precipitates mercury acctylide. 
The liquid i3 then boiled, when aldehyde is 
formed and the mercuric salt ro-formed. The 
aldehyde is then oxidised to acetic acid. 

An electrolytic process of oxidising acetylene 
to acetic acid has been patented by the Farben- 
fabr. vorm. Bayer u. Co. (Fr. Pat. 467778, 1913), 
tho acetylene being oxidised by the use of a 
solution of sulphuric acid or other acid as 
electrolyte, in presence of a mercury compound. 
In another patent by the same firm (Fr. Pat. 
467515, 1914), the acetylene is passed through 
a solution of hydrogen peroxide, or a persulphate 
at about 30°-40°, in the presence of mercury or 
a fnercurjfccompound. The resulting liquid will 
contain about 25 p.c. of aceti<*acid. 

• Tift oxidation process may Also be accelerated 
by the use of other catalysts in addition to 
mercury, with oi^without tho simultaneous 
application of pressure (Fr. Pat. 471253, 1914). 

Acetio acid may also be produced without 
preliminary isolation of acetaldehyde by oxidising 
acetylene in an organic acid medium, such as 
acetic acid, by means of oxygen, acting in the 


dilute sdjphuric acid to make it electrically ^presence of the requisite quantity of water and 


of a catalyst, such as iron oxide or ^inadium 
«*,iJ)entoxide. The best results are obtained by 
J ••introducing the acetylene and oxygen alternately 
4T.*! in a inn) I mm n fit,ion infn the acid medium (Chem. 
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Fabr. <3riesheim-Elektron, I Fr. Pat. 418158, 
1914). I 

Acetic Acid by Fermmtation Processes .— 
Several speties of baoteria are capable of con¬ 
certing alooEolic liquids into acetic acid. The 
apeoies first recognised, as forming films on sour 
urine and vinegar, was termed 'Mycoderma by 
Persoon, in 1822, although lie did not associate 
them with the development of acidity. Even 
ainoe it has been recognised that the pellicle 
ivas not the product of yeasts or itould-fungi 
the name ]|as survived, and is still frequently 
ised as a generio term for the acetio bacteria. 
Fhe views of Stack, published in 1803, that the 
Mycoderma aceti, or ‘ mother-of-vinegar,’ con¬ 
sists of an aggregation of bacteria was not 
iccepted in 1808 by Pasteur; but Cohn, in 1872, 
ncluded these micro-organisms among the 
bacteria. 

Hansen, in 1878 ( see Compt. rend. Lab. 
Darisberg, 1894 [iii.]; 1900 [v.]), isolated three 
ipecies, which ho termed Bacterium aceti, 
d . Pa8teurianum, and B. Kutzingianum, nnd 
showed that they differed from one another in 
form and in the nature of the pellicles which 
they produced when grown in alcoholic culture 
media. 

Numerous other species of acotic bacteria 
iiave been described, such as Bacillus xylinus 
Brown, J. Chqju. Soo. 1880, 30, 432; Proc. 
.'hem. Soo. 1887, 87); JP. oxydans, B. acetosus, 
B. acetigenus , B. curvus, B. xylinoides, & c. 
[Henneberg, Centralbl. f. Bakt. 1909, 24, 13); 
rod B. rancens (Beijerinok; Centralbl. f. Bakt. 
1898, 4, 209). Although each of these differed in 
properties and in producing different involution 
orms, there is some reason for concluding that 
jome, at least, of them are not distinct species, 
aut varieties modified by their environment. 

In 1906 Buchner and Gaunt (Annalen, 1906, 
149, 140) separated an acetio enzyme by 
jxtracting the zooglceal pellicle of ‘ mother-ot- 
finegar ’ with acetone. The preparations were 
capable of oxidising alcohol to acetic acid, and 
lad also the power possessed by the living 
bacteria of oxidising propyl alcohol to propionic 
icid. An enzyme separated in this way from 
Hansen’s B. aceti has been shown by Wieland 
Ber. 1913, 46, 3327) to be capable of replacing 
palladium as a catalyst for tjie oxidation of 
iloohol into acetic acid. i 

For the production of ajpetic acid from 
ilcoholio ‘ washes ’ by the action of living acetic 
mcteria, the liquid must contain a suitable 
proportion of nutrient substanoes (phosphates, 
litrogenous substances), &c., and there must 
pe a regulated supply of air («c# Manufacture 
f Vinegar, infra). 9 • 

For the manufacture of the so-called ‘ spirit 
icid,’ a orude viifegar containing from 1(8 to £2 
d.c. of aoetic acid is first made by a fermentation 
>rooes8 from an artifioiaf^r prepared wash 
lomposed of potato spirit with nutrient sub¬ 
stances. This is known as Essigsprit or 
fpritessig, and is a common commercial product. 

,t is concentrated by neutralisation with lime, 
ivaporation of the liquid to dryness, and dis- 
illation of the orude caloium acetate, as 4 
lescribe^ below. Owing to its more pleasant’ 
iroma spirit acid of 80 p.o. strength fetoles m 
u^her prioe in the market than ordinary acetic 
leid. 
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|A prooess of obt&ining aoetic acid by a 
feanentation process from the Japanese sea¬ 
weed Fucus evanescence, has been described by 
Ta-lbhashi (J. Chem. Ind., Tokyo, 1916, 19, 30). 
The Beaweed is mixed with water and <Lto 5 
p.o. of lime, whioh is added in successivewmall 
quantities, and the mixture is kept atJJO 0 for 
2 weeks. The yield of acetio acid is increased* 
bf the addition of fucose. 

Distillation of m Acetic Acid. —The concentrated 
or glacial acid is usually prepared,by the dis¬ 
tillation of a dry acetate within equivalent 
quantity of strong sulphurio acid, or acid 
potassium or sttHiuwi sulphate. 

Sodium acetatd is generally used. The 
anhydrous salt is fused on sheet-iron pans, 6 feet 
by 4 feet, care being taken that no sparks reach 
the dried salt, as it would then ignite and bum 
like tiller. The mass is cooled, broken into 
small lumps, and distilled with concentrated 
sulphuric acid. Tho first portion distilling con¬ 
tains the water, the later portion is collected 
and cook'd; when orystals have formed the 
still liquid portion is removed, the crystals alb 
melted and redistilled as before, producing the 
glacial acid. 

/ Whon a solution of caloium chloride is mixed 
with a solution of calcium acetate, crystals of 
oalcium aceto-chloride CaC 2 H 4 OjC15 H. O 
gradually separate. These crystaltfHftay be 
produced in comparative purity even when 
impure brown acetate of lime is used. To obtain 
acetic acid ordinary commercial or * distilled ’ 
acetate of lime is mixed with the proper pro¬ 
portion of caloium chloride, and the solution is 
concentrated by evaporation until it crystallises; 
the iqpther liquor is poured from the crystals 
and concentrated with the production of a 
second crop of crystals; this iserepeated until 
about four crops have, been produced. The 
crystals are dissolved in water, filtered through 
animal charcoal, mixed with about 10 p.o. of 
caloium chloride, and recrystallised. The crystals 
are distilled with a mixture of 1 part sulphurio 
acid of sp. gr. 1*84 and 2 parts water, and the 
acotic acid concqjitrated in the usual way. The 
glacial acid may also be prepared by the dis¬ 
tillation of di- or aoid-acetate of potassium, 
which, when heated, decomposes into aoetic 
acid and tho normal potassium aoetate. If 
ordinary acetio acid be heated with normal 
potassium acetate, the acid aoetate is formed, 
and a weaker atfid at first distils over; as the 
temperature rises, the diacetate jbegins to decom¬ 
pose, and .the 'distillate increases in strength 
until the glacial, acid passes over. When the 
temperature reaches 300° the distillate becotnes 
coloured from the decomposition of the acid 
(Melsens, Annalen, 52, 274; Compt. rood* 
19, 611). / 

In Chute’s- method of preparing aoetate of 
lime the vapours from orude pyroligneous acid 
are brought into yontaot witH a stream of water 
mixed ‘with ume. The .temperature of the 
liquid is kept at about 100° by the addition of 
quicklime (U.S. ,Pt*. 039980,1909). . 

Scott and Hender^n (Eng. Pat.' 6711, 1896) 
pmify the origle acetates by boiling with sodium 
hypochlorite until nearly decolorised. ‘The 
solution fa ( 4hen coohfcLand allowed to settle. 
j # T^e clear liquid is decanted ancfrcryskallised. The 
|«crystalsjire of great pur^y. 
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Another method of removing organic impfiri- 
Hce is to boil the crude acetates with limo^an 
iron salt, and a bleaching agent (Zinkeisen, 
U.S. Pat. 1213724,4917). 

* tt (Eng. Pat. f2952, 1897) haa patented 
ess which dispenses with lime in the 
manufacture of acetic acid. He distils the crude 
•acid aF 100°, and fractionally condenses the 
vapours. The acid collects mafcily in the fi£$t 
portions. • 

Crude acetates may be decomposed with 
H 2 S0 4 or HC1, and the acetic acid distilled in 
vacuo (Thompson, J. Hoc. Chem. Ind. 1890,357); 
or crude-acetic acid may bc'brcated with oxygen 
under pressure, filtered through charcoal and 
distilled over pure sodiiUn acetate (Schmidt, 
Eng. Pat. 1890, 25100). 

Hochstetter (J. Soc. Chem. Ind. 1902, 1409) 
prepares pure acetic acid by heating pur4 sodium 
acetate with dry HC1 at 120°; whilst Plater 
and Syberg patented a process of obtaining 
acetio acid by the electrolysis of alkali acetates. 

According to the patent process of Farben- 
ftbr. vorm. Bayer u. Co. (Ger. Pat. 220705, 
1907) the crude acotate is heated to about 130°, 
the pressure within the still reduced to about 
atmosphere, and sulphuric acid introduced, 
he distillate is claimed to edntain only traces 
of sulphur dioxide. 

In Vigor’s continuous process (Fr. Pat. 
449035, 1911) sulphuric geid is sprinkled pro¬ 
gressively on the acetate in a series of com¬ 
partments, the material being mechanically 
transferred from ^no compartment to the next, 
whilst the liberated acetic acid is condensed in 
the upper part of the apparatus. 

Another method of distillation mak^s use 
of k hot rotating surface upon wjjich a mixture 
of aoetate an* sulphuric acid is mechanically 
spread. The acetic a^d is condon&d, and the 
solid residue is removed from the hot cylinders 
by means of scrapers (Brauer, U.S. Pat. 1196329, 
1916). 

Aromatic or radical vinegar.—Before the 
disoovery of pyroligneous acid strong acetio acid 
was prepared by the distillation of ordinary 
vinegar, or of orystullised verdigris, whence 
it was popularly known as distilled verdigris. 
This product, which was distilled from 
earthenware retorts, formed the aromatic or 
radical vinegar of the apothecaries, but the 
method is now obsolete. ‘It owed its name 
to its pleasant odour, largely due to acetone, 
whioh is always produced when aoctates of 
heavy metals are distilled, but camphor and 
essential oils were frequently added to increase 
or modify the smell. Commercial aromatic 
vinegar is now made by adding essential oils 
and spices to pure diluted acetic acid. 

Concentration and Purification. —The acetio 
aoid obtained by the distillation of crude 
aoetaies of lime is usually concentrated by the 
redistillation of united similar fractions in a 
column still, whilst organio impurities are 
> oxidised by the addition of potassium per¬ 
manganate or diohromate prior to the distillation. 

According to a patent process of the Chem. 
Fftbr. Grieaheim-Elektron (Ger. ,Pat. 230171, 
1409) anhydro% copper sulphate* 4s used to 
dehydrate the acid during the •distillation; 
whilst meWphcfcphouo acid is used for tji% 
same purpose in anther paten| (Gjgr. Pat.» 


282243, 1914). Griifczenstein (A. angew. Chem. 
1916, 29, 148) has ilescribed a patent prooess of 
obtaining glacial acetic acid from dilute acid 
by extraction with an immiscible solvent, such 
as dichloroethylene, and elaiips that 90 p.c. of 
the theoretical yiold may thus be obtained. 

in another process (Harburger Chem. Werke 
Schon u. Co., Ger. Pat. 292959, 1915) the dilute 
acid is treated with potassium acetate, tnd the 
resulting double compound of potassium acetate 
and acetfc acid which separates from the 
solution is redistilled. • 

An electrolytic method of purification 
(French, U.S. Pat. 1104978, 1914) is based on 
the decomposition of impurities by means of 
an electric current, the strength of whi6h is 
regulated to prevent material decomposition of 
acetic acid. 

Formic acid and tarry matters may be 
removed by redistilling the crude acid with an 
equal weight of 70 p.c. sulphuric acid at about 
130°, at which temperature formic acid is 
destroyed, whilst acetic acid is not appreciably 
attacked (A. Gorhan, U.S. Pat. 1210792, 1917). 

Properties. —The strongest acid solidifies at 
16*6° (Bousfield and Lowry, Chem. Soc. Proc. 
1911, 27, 187) in tabular or prismatic glistening 
crystals. The glacial acid may bo tooled to 
—10° without solidification, even when agitated, 
but on tho addition of a crystrf. of the acid the 
whole solidifies and * he temperature rises to 
16*7°. 

The specific gravity of the crystals at 15°/4° 
is 1 -0607 (Mendeleeff, J. 1860, 7). They melt to a 
mobile colourless liquid of sp. gr. 1 *0543 at 16°/4° 
(Pefcterson, J. pr. Chem. [2] 24, 301), 1-0495 at 
20°/4° (Briihl), 1*05148 at 18°/4 0 , and 1-04922 
at 20°/4° (Bousfield and Lowry, l.c.), which boils 
at 118-5° at 760 mm. (Perkin), 118'1° (oorr.) 
(Thorpe and Rodger). The liquid is unin¬ 
flammable, but tho vapour bums with a blue 
flame producing water and carbon dioxide. 


Boiling-point of Glacial Acetic Acid under 
various Pressures ( Landolt). 


Pressure. 

Bolling 

point. 

, Pressure.! 

r 

Bolling 

point. 

Pressure. 

Bolling 

point. 

mm. 

°C. 

1 mm. 

°C. 

mm. 

°C. 

1160 

132 

660 

109 

60 

48 

9(50 

126 

360 

9(5 

30 

31 

700 

119 

160 

73 




When pa^ped through a red-hot tube only 
admail potion is decomposed, producing carbon, 
acetone, benzene, &o. The slrong acid Dlackens 
Mhen*heated with concentrated sulphurio aoid, 
evolving sulphurous and carbonic anhydrides. 

Nitric and chrdiiio acids have no action; for 
this reason acetic acid is frequently used as a 
solvent for organic substanoes suoh as hydro¬ 
carbons, which are to be subjected to the action 
of chromic acid. Chlorine under the influence 
of sunlight replaces a portion of the hydrogen, 
and produces mono-, di- and trichloracetic acids. 
’Similarly, bromine produces dibromacetjc acid. 

• Commercial acetic acid contains impurities 
which react with bromine and chlorine in the 
dark, # whereas pure aoetio acid is not attacked 
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>y tneae naiogcns in me darl These impurities 
san be removed by distiling the acid over 
>hosphoric oxide, only trace! of acetic anhydride 
>eing formed in the process (Orton, Edwaro, and 
Sing, Chem.*Soc. Proc. 1911, 27, 120). 

Pore aoetio acid is not decomposed by direct 
mnlight, which, however, effects the decomposi¬ 
tion of acetaldehyde, with the liberation of 
nethaae and carbon monoxide. Direct rays 
Tom a mercury vapour lamp decompose both 
icetaldehyde and acetic acid, the latlbr yielding 
;arbon mo^c&ide and dioxide and 39 p.c. of 
jombustible gases (Borthelot and Oaudechon, 
3ompt. rend. 1913, 156, 68). 

On the addition of water to the glacial acid 
heaths evolved and the density increases until 
20 p.c. of water is present; from this strength to 
23 p.c. of water the density remains stationary. 
Further dilution lowers the density, so that 


either dilution or concentration irom tnis point 
will produce an acid of diminished density. 
Airacid containing only 43 p.c. of aoid has the 
same density as the glacial acid. This, together 
with the slight difference Between the denvfr of 
aottic acid and water, renders it impossi^j| to 
determine, with any precision, the peroeJbage of 
acid by means of the hydrometer. 

• No definiteAydrates of acetic aoid are known 
(Dc Coppet, Anp. Chim. Phys. [7] 16, 275; 
(■ones, Onem. Soc. Trans. 1906, 1247), although 
the break which occurs in the curve of tne 
solidification points at about 37 p.c. of water 
suggests the foftiaAfon of a hydrate 

• (yj*(^+211 a () 

The following table shows the density of 
aqueous acetic acid at 15° and 20° (Oudemans, 
Jalii'eslAr. Fortsch. Ohem. 1886, 302):— 


Density of Aqueous Acetic Aoid (Oudemans). 



Density 


Density 


Density • 

p.c. 

15 ° 

20° 

p.r 

16 ° 

20° 

p.c. 

15 ° 

ao° 

0 

a 

0-9992 

0-9983 

34 

1-0459 

1-0420 

68 

1-0725 

■Hal 

1 

l-OOO'fc 

0-9997 

35 

1-0470 

1-0437 

00 

1-0729 


2 

1-0022 

H#I12 

30 

1-0481 

1 0448 

70. 

1-0733 


3 

1-0037 

1-0020 

37 

1-0492 

1-0458 

71 

1-0737 

1-0689 

i 

1-0052 

1-0041 

38 

1 0502 

1-0468 

72 

1-0740 

1-0691 

5 

1-0007 

1-0055 

39 

1-0513 

1-0478 

73 

1-0742 

1-0693 

6 

1-0083 

1-0069 

40 

1-0523 

1-0488 

74 

1-0744 

1-0695 

7 

1-0098 

1 -0084 

41 

1-0533 

1-0498 

75 

1-0746 

1-0697 

8- 

10113 

1-0098 

42 

1-0543 

3'0507 

70 

1-0747 

SHT [iTi iT^B 

9 

1-0127 

10112 

43 

1-0052 

1-0510 • 

77 

1-0748 


10 

1-0142 

1-0120 

44 

1-0502 

1-0525 

78 

1-0748* 


11 

1-0157 

1-0140 

45 

1-0571 

1-0533 

79 

• 1-0748 

■ “r™ 

12 

10171 

1-0154 

40 

1-0580 

1-0543 

80 

1-0748 

1-0699 

13 

1-0185 

1-0108 

47 

1-0589 

1-0551 ‘ 

81 

1-0747 

1-0608 

14 

1-0200 

1-0181 

48 

1-0598 

1-0559 

82 

1-0746 

1-0096 

15 

1-0214 

1-0195 

49 

1-0607 

1-0507 

83 

1-0744 

1-0694 

16 

1-0228 

1-0208 

60 

1-0615 

1-0575 

84 

1-0742 

1 0691 

17 

1-0242 

1-0222 

51 

1-0623 

1-0583 

,86 

1-0739 

1-0688 

18 

1-0250 

1-0235 

52 

1-0631 

1-0590 

86 

1-0736 

1-0684 

19 

1-0270 

1-0248 

53 

1-0C38 

1-0597 

87 

1-0731 


20 

1-0284 

1-0261 

54 

1-0646 

1-0004 

88 

1-0726 


21 

1-0298 

1-0274 

55 

1-0653 

1-0611 

80 

1-0720 


22 

1-0311 

1-0287 

66 

1-0600 

1-0618 

90 

1-0713 


23 

1-0324 

1-0299 

57 

1-0606 

1-0624 

91 

1-0705 


24 

1-0337 

1-0312 

68 

1-0673 

1-0630 

92 

1-0696 

1-0943 

25 

1-0350 

1-0324 

59 

1-0879 

1-0638 

93 

1-0686 


20 

1-0303 

1-0336 

00 

1-0685 

1-0642 

94 

1-0674 


27 

1-0375 

1-0348 

61 

1*0091 

1-0648 

95 

<90660 


28 

1-0388 

1-0360 

,62 

1-0697 

1-0653 

90 

1-0644 


29 

1-0400 

1-0372 

63 ( 

1-(S02 

1-0668 

97 

1-0625 

^b iwt'fl 

30 

1-0412 . 

1-0383 

64 

1-0707 

1-0663 

98 

1-0604 


31 

1-0424 • 

10394 

65 

* 1-0812 

1-0067 

99 

1-0580 

1-0525 

32 

1-0430 

1-0405 

66 

1-0717 

1-0671 

100 

1-0553 

1-0497 

33 

1-0447 

1-04101 

67 

1-0721 

1-0675 




The addition of a small quantity oi water 
lowers the melting-point of the glacial acid 
considerably, as shown by the table at top of 
p 16: Dahrns (Aim. Chim. Phys. [7118, 141). • 

The tables on p^I6 of the solidification points, 
of mixtures^ acetic acid and water are of use 
'in determining the strerffeth of acetic acid. 


Acetic acid is monobasic, but forms both acid 
and basic, as well as normal salts. It dissolves 
t certain metallic oxides, as those of lead and 
copper, fonjidg basic acetate, j 

The action of acetic acid on aluminium is a 
matter of technical importahoepsinca aluminium 
JtfUs are in use for distiljlQg the acid, Aiuini- 
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goHdifyhig- 

point 

jk 

Water to 
100 part* 
real acetic 
acid 

Solidifylng- 

polnt 

Watof'to 

100 pfrts 

real acetic 
acid 

M 


°C. 

* 

16*75 

0 

-3-94 

16-38 

16-60 

0-06 

-8-80 

21-63 

18-06 

0-29 

-12-90 

24-5t> 

14-64 

1-16 

-16-10 

29-97 

11-81 

2-94 

-17-90 

30-87 

7-21 

6-63 

-23-87 

36-67 

2-95 

10-33 

-24-90 

37-52 

2-46 

10-74 

■3*25-20 

39-30 

-2-90 

16-80 

— 2675 

• 

A0 


Rudorff’s Table of Solidification Points 
of Mixtures of Acetic Acid and^Water. 
(Bor. 1870, 3, 370.) 


100 parts of 
acetic acid 
•mixed with 
water. 

100 parts 
contain by 
weight. 

Solidifl cation 
point. 

o-o 

o-o 

°C. 

. +16-7 

0-5 

0-497 

15-65 

1'4W 

0-990 

14-8 

1-6 

1-477 

14-0 

2-0 

1-961 * 

13-25 

3 0 

2-912 

11-95 

4-0 

3-840 

10-5 

5-0 

4-701 

9-4 

0-0 

5-660 

8-2 

7-0 

6-642 

71 

8-0 

7-407 

6-26. 

9;0 

8-257 

* 53 

10*0 

9-090 

.4-3 

110 

o-oro 

3-6 

12-0 

10-774 

. 2-7 

150 

13 043 

-0-2 

180 

15-324 

2-6 

21-0 

17-355 

5-1 

24-0 

19-354 

7-4 


Grimaux’s Table of Solidification Points 
of Mixtures of Acetic Acid and Water 
(Corapt. rend. 1873, 70, 486.) 


Water, 

Acetic acid. 

Solidification 

point. 

Per oent. 

Par cent. 

< ffS-69 

°C. 

7-31 

+ 5-3 

13-26 

86-78 

- 1-4 

, * 23-62 

76-48 

-11-6 

3118 

68-82 

-19-3 

33-56 

66-44 

-20-5 • 

38-14 

61-86 

-24-0 

44-60 

55-50 

■ -22-3 

49-38 

60-62 

-19-8 

86-64 

43-46 

-16-4 

61-68 

38-2 

-14-8 

89-23 

30-77 

-10-9 

76,23 

23-77 

- 8-2 

79-22 , 

• 20-78 

*, - 7-3 

81-89 ' 

1811 

6-4 

83-79 

. 916-21 

- 6:5 
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mum# is dissolved lly boiling 90 p.c. acetic ack 
with the formation of an insoluble gelatinoui 
basio acetate A1(0-COCH S ) S OH, which probably 
acts as a protective ooating upon the surface o: 
aluminium plant. With the dilution of thl 
acid the rate of the solution rapidly increases 
and 90 p.c. acetic acid dissolves about 10 timef 
as much aluminium in a given time as 99 p.o. 
acid, whilst dilute acid attacks the metal verj 
rapidly. Slight variations in the strength ofter, 
have a pronounced influence on the solvent 
action, the addition of 0 05 p.o. ot water to o 
corrosive acid being sufficient in some cases tc 
arrest tho action (Seligman and Williams, J. 
Soc. Chem. Ind. 1916, 35, 88). 

The most suitable metals for the contrac¬ 
tion of acetic acid plant arc block tin and gun- 
metal containing a sufficient proportion of tin. 

Acetic acid has a pungent sour taste, and 
when strong blisters the skin. Tho glacial acid 
has no action on litmus, but on addition of 
water becomes powerfully acid. It is not 
affected by the electric current, probably because 
a bad conductor, but when a littlo sulphuric 
acid is added the current decomposes it, pro¬ 
ducing, according to Renard (Ann. Chim. Phys. 
[51 16, 289), carbon dioxide, carbon monoxide 
and oxygen. Alkali acetates when el^trolvsed 
are decomposed into hydrogen and * alkali 
hydroxide which appear at the negative pole, 
and ethane and carodLi dioxide at the positive 
pole. 

Acetic acid mixes with alcohol and ether 
in all proportions. It dissolves resins, gelatin, 
fibrin, albumin, essential oils, &e. Phosphorus 
and sulphur are somewhat soluble in the warm 
acid. * 

Acetic acid is largely used in tho preparation 
of the acetates of copper, aluminium, iron, lead, 
iVc. ; as pyroligneous acid in calico printing, 
and the curing of herrings, hams, &c.; in 
the preparation of varnishes and colouring 
matters ; in the laboratory and certain industries 
as a solvent; for domestic use; in photography; 
and in medicine as a local irritant and to allay 
fever, and in the form of smelling salts. 

Analysis .—Commercial glacial acid should 
contain not loss than 98-9 p.o. of absolute acid. 
When crystallised it Should not re-melt below 
14’7°. ii 9 volumes oil of turpentine be agitated 
with 1 volume of acid, no turbidity will be 
produced if the acid contain 97 p.c. or upwards* 
Acid of 99'5 p.c. produoes no turbidity with any 
proportion of turpentine' (Bardy, Chem. News, 
40, 78). 

A very delicate test for the presence of water 
is to mix tho^cid with an equal bulk of carbon 
disulphidf} in a dry tube, and warm with the 
hand for a few minutes; in jp-esenoe of a trace 
<^[ wsfter the liquid becomes turbid. 

The commercial acid may contain sulphuric 
acid, sulphates, ^plphurous acid, hydrochlorio 
acid, chlorides, mtiatos, arsenio (derived from 
sulphuric acid), and copper, lead, rino, iron, 
ana tin derivod from the vessels used in 
the manufacture. 

The presenoe of sulphuric acid or sulphates 
is shown by the production of a white* preoipi- 
tate with barium chloride. To the filtered solu¬ 
tion bromine or chlorine water is wtfled, pro¬ 
ducing, if sulphurous apid be present, a furth*$ 
nwHimifiite of barium sulphate. _ Hydrochlorio 
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acid and chlorides arc detei 
by means of silver nitrate. 

In testing ^for metals a considerable bulk 
of the acid should be evaporated; a few 
drops of hydrochloric aoid are added, and a 
current of hydrogen sulphide passed through 
the liquid ; a black or brown colouration or pre¬ 
cipitate indicates lead or copper. Copper may 
also be detected in the evaporated liqrnd by the 
brown precipitate produced on the addition of 
potassium ferioeyanide, and estimated by electro- 
deposition. Iron may also be detected by the 
ferrocyanide test. To test for zinc, the solution, 
after the passage of hydrogen sulphide, is 
filtered, nearly neutralised with ammonia, and 
sodium acetate added, when zinc will be pre¬ 
cipitated as white sulphide. For arsenic 
Reinsch’s, Marsh’s, or the electrolytic test may 
be used. 

Small quantities of acetic acid may be recog¬ 
nised by neutralising the liquid with potassium 
hydroxide, adding arsenious oxide, evaporating 
to dryness, and heating the residue, when the 
characteristic smell of cacodyl is evolved 

To determine the free acidic acid in a solu¬ 
tion it is usual to titrate a weighed quantity with 
sodium hydroxide solution standardised against 
acetic acid of known strength or hydrogen 
potassium tartrat^(Stillwell and Madding). 

As indicator litmus mayBio used, but as it is 
rendered blue by the normal sodium acetate, it 
is preferable to use phenol-phthalein, to which 
that substance is neutral; this is also more 
sensitive, and, where coloured, the liquid may 
•be considerably diluted without impairing the 
delicacy of the reaction. 

To estimate small percentages of water in 
acetic acid, the solidifying-point may be deter¬ 
mined and the percentage found by the tables 
bofore given. 

Commercial glacial acetic acid usually con¬ 
tains formic acid in proportions of about 
0 02 to 0’8 p.c. Methods of separating and 
estimating formic, acetic, propionic, and butyric 
acid in admixture are given in Zoit. anal. ('hem. 
1800, 38, 217. For the estimation «f formic 
acid, Fincke (Apoth. Zeit. 1910, 727) boils the 
acid under a reflux condenser with sodium 
acetate and mercuric chloride, and separates 
and weighs the precipitated caramel. Another 
method has been based upon the fact that formic 
acid will expel acetic acid from acetates. The 
acid is neutralised with sodium hydroxide, 
evaporated, and the residue dried at 125°, and 
weighed, it is then evaporated wilh formic 
acid two or three times, and the rJsklue again 
dried at 125°. The difference betwfen th<f| 
weights correspond%to the amount of acetic acid 
expelled. The results for formic acid are aBout*| 
0 - 02 p.c. too high, and those for the acetic acid 
too low (Heermann, Chem. Zefc. 1915, 39, 124). 
According to the B. P. (1914) test the absence 
of formates is shown by the acid not darkening 
immediately when treated with ammonia 
solution and heated with silver nitrate solution. 

Chapman (Analyst, 18911, 24, 114) describes 
a method for the estimation of isovaleric acid 
in aoetic heid. 

The pre^noe oPacetio anhydride may be 
ascertained by the red precipitate of amorphous 
a&leniura obtained on treating the acid with 
selenious oxide or sodium selenite, pure gloria! 
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aoet^ acid remaining clear in this test (Klein, 
■T. Ind. Eng. Chqm. 1910, 2, 389). Anothei 
sensitive test is based jjpon the fact that flfeic 
anhydride reacts with certain aniline derivalfefl, 
notably 2 : 4-dichtoro-aniline, to form in^ltrole 
anilides, which can be separated and indirectly 
estimated as chloroamino (Edwards and Orton, 
ChSm. Soc. Proc/1911, 27, 121). 

Aceto-aeetic aoid may be detected by the 
violet colouration which it gives with sodium 
mtroprusside and ammonia, followed by insuffi¬ 
cient acid to neutralise all the ammonia (Harding 
and Ruttan, Bioclfewr. J. 1912, 6, 445). 

The* acetic acid In acetates may be esti¬ 
mated by distilling about 1 gram of the salt 
nearly to dryness with 10 c.c. of a 40 p.c. solu¬ 
tion of phosphoric acid (free from nitric and 
other volatile acids); water is added and the 
distillation repeated to remove the last traces of 
acetic acid ; the distillates are mixed and titrated 
as above with standard alkali. This method of 
distillation may also be used for highly coloured 
solutions of acetic acid where direct titration is 
not practicable; or the method of distillation 
with formic acid, described above, may be 
employed. 

Most commercial acetic acid contains traces 
of tarry substances, though the proporiipn is 
much lees in acids which-jhave been purified by 
treatment with permanganate. The permissible 
limit for such empyreumatic substances in 
glacial acetic acid is prescribed by a B. P.(1914) 
test, according to which 2 c.c. of the aoid should 
not decolorise within half a minute a mixture of 
3 drops of a 1 p.c. solution of potassium per¬ 
manganate and 10 c.o. of water. 

• 

Manufacture of Vineoar. 

• 

The term ‘ vinegar,’ as its derivation implies, 
was originally applied to wine which had become 
sour, but is now used to describe all products 
made by the acetic fermentation of alcoholic 
liquids, the particular kind of vinegar being 
usually indicated by a prefix, suoh as ‘ wine 
vinegar,’ ‘ malt 'vinegar, ‘ cider vinegar,’ or 
‘ spirit vinegar.’ The toms ‘ beer vinegar ’ 
and ' alegar,’ which are to be found in the Acts 
of Parliament, are now obsolete. 

From whatever material vinegar is derived 
the essentials of the process are the same. An 
alcoholic liquid of a suitable strength must be 
subjected to the oxidising action of acetio 
bacteria, in the Jiresonce of suitable nutrient 
substances, and of a regulated sunply of air. 

Wine vinegar. (Fr. vinaigre ; uer. Weineasig.) 
In the wine district of Orleans, which has been 
celebrated for centuries for the production of 
wine vinegar of fine aroma and flavour, the 
original method was to add a little vinegar to 
sour wine, and to expose the mixture to the 
air in open casks. This primitive method was 
still in use as late as 1876, although most vinegar 
makers in France had long discarded it for the 
‘ Orleans process,’ in which the wine is acetified 
in a series of casks packed with shavings and 
provided with holes for the admission of air. 

‘ Full-bodietf Vines are selected for the manu¬ 
facture, and if they contain above #0 p.c. alcohol 
thgy suitably diluted Trtth weaker wines. 
Th«*wine, &fore being fenrilnted, is usually left 
for sonje time fn* contactfceech shavings, 
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on which the lees are deposited, rendering the 
wine brighter. A certain amount of extractive 
m«||p is, however, .necessary for the ■ develop¬ 
ment? of the bacteria, and if the wine be old and 
bhenMitter deposited, the fermentation is much 
retarded. Wme one year old is preferred. 

The ‘ Vinaigrerie ’ is usually a building of 
southern aspect; the rooms m which the pro¬ 
cess is conduoted are low-ro«fed, and, in order 
to admit air, the walls are provided with open¬ 
ings which can be closed when the temperature 
is not sufficiently high. 

Sets' of casks of well-fcea&oned oak, bound 
with iron hoops, each folding from 60«to 100 
gallons are supported 6n their sides in rows 
about 18 inches from the floor, one set being 
frequently plaoed above another, in which case 
those nearest the roof are found to work most 
rapidly. Each cask is bored with two holes in 
the front end, a larger one, the ‘eye,’ for the 
addition of wine or the removal of vinegar, and 
a small one for the admission of air. 

When first used the casks are thoroughly 
scalded with boiling water to remove extractive 
matter, filled to a third of their capacity with 
boiling strong vinegar, and allowed to stand for 
eight days; from "that time wine is added in 
oha mw of about 10 pints every eight days until 
the casks are not more than two-thirds full; 
after a further interval of 14 days a portion, 
varying from 10 gallons to half the total bulk, 
is drawn off and the periodical addition of the 
wine continued. The temperature of the 
chambers should be about 25°, and is kept up 
when necessary with a stove. In order to 
ascertain if the fermentation is completed at 
the end of the usual time, the workman plunges 
a white spfetula into the liquid : if a reddish 
froth adheres, more wine is added and the 
temperature raised; a white froth indicates 
the completion of the process. More than eight 
days are sometimes required to complete the 
oxidation, in which cose stronger wine and a 
higher temperature may be used. The sluggish¬ 
ness may, however, be due to the casks becoming 
foul, which occurs usually after about six years 11 
working. The deposit of argol, yeast sediment, 
&c., is thoroughly removed, and the casks 
cleansed and recharged with hot vinegar as in 
the case of new casks. Good casks will often 
last twenty-five years. 

When working satisfactorily each cask will 
produce about twice its capacity of vinegar 
annually. 

Before storing,‘'•the vinegar is usually passed 
through the ‘ rapes ’ where it is ‘ brightened ’ 
and the acetification completed. 

The drawbaok of the Orleans process is that 
it is excessively slow, but, on the other hand, 
the slow working promotes the formation of the 
esters to which French wine vinegar owes its 
reputation. 

In other parts of France and in Holland and 
on the Rhine the following method is used. 
The wine is plaoed in two large upright tuns 
about 0 feet nigh and 4 feet wide, open to the 
air. Each tun has a perforated false bottom 
about 12 inctow rfbove tne true befctom ; on this 
is placed -a quantity of vine cuttings, stalks, 
&c., so as$o exposl a large surface for the forma¬ 
tion of the fungus. C Ooe of the vats^is half/ end 
other complete^ filled. TVie acetification ' 

. O 


i A<jro. 

progresses more Rapidly In the former ; till*, 
after twenty-four hours, is filled from the full 
cask, in which the action then increases. This 
alternate transference is continued daily until 
the acetification is complete. The most favour¬ 
able temperature is about 24°. The vinegar is 
run off into casks containing chips of biroh wood 
on which the lees settle, and in about fourteen 
days beirig thus clarified is stored in olose casks 
for the market. * 

This method iH described in a loiter published 
by the Royal Socioty in 1670 (Phil. Trans. Roy. 
Soc. 1670, v. 2002). 

In Claudon’s process of acetification the 
wine is fermented in a series of supposed 
closed shallow vessels, so constructed that air 
currents can be conducted over the surface of 
thin layers of the wine. This is more rapid 
than the ordinary Orleans process. 

Malt vinegar ( Malzgdreide IHeremg). The 
vinegar industry in this country has developed 
out of the brewing industry, and the connection 
between the two industries is clearly shown in 
the Revenue Act, of Charles IT. (1673), in which 
the so-called ‘ vinegar beer ’ produced in the 
‘ common brewories ’ was charged a duty of 
6 d. per barrel as against 1.9. 3 <L upomsix-shi'lling 
beer. It is very probable that most-’ of the 
vinegar first made in England was a product 
of the brewery whrfdi had become accidentally 
sour, and war then exposed to the air to com¬ 
plete the acetification. The manufacture of 
vinegar as a separate industry appears to date 
back not much further than the early part of 
the seventeenth century, and the first ‘ vinegar 
yard ’ in London was established about the year 
1641. But long before any vinegar brewer 
had become established in this country * beer 
vinegar ’ or ‘ alegar ’ was made in many a house¬ 
hold by the simple process of adding the so- 
called ‘ vinegar plant ’ (i.e. the zoogl ral form 
of acetic bacteria) to ale which had turned sour. 

The process of making vinegar on a manu¬ 
facturing scale was probably introduced into 
thiB country from France, and the methods 
which had l>een found to give the best results 
in the production of wine vinegar were adapted 
to the acetification <6f the English product irom 
beer or ale. The methods of brewing used by 
the brewor and the vinegar maker then began to 
diverge, and the differences are now well marked, 
being based upon the different qualities desired 
in the alcoholic product. 

Preparation of the Wort. —In preparing the 
fermented alcoholic liquid from malt, or malt 
and grain, either a mash-tun process or a con¬ 
version process is employed. The mash-tun is 
essentially the same as thejbrewer’s mash-tun, 
i vith the exception that it has both rakes and 
sparge and is provided with a steam coil below 
tne perforated false bottom. 

The chief aim of the vinegar maker is to 
obtain as high a yield of alcohol as possible, 
and he therefore uses a malt of fairly high 
diastatic capacity, and makes the mash at 
such temperatures as will yield a wort which 
will attenuate well. In some works the first 
mash is made with water at about 66°, whioh 
gives a temperature of a little ovct 60° in the 
mash tun. After raking for an hour or two, the 
wort is drawn off, and a second mash made tft 
the' same temperature, and finally the * goods ’ 
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n named with water at ablut In their |natnre and quantity depending opon the 

*her vinegar breweries the initial mash is made nature of the substances (sugars, dextrine, so.J, 
nth water at about 84°, and the temperature in the gyle. Brown (J. Cbeift. Soo. 188&|49, 
radually raised to 66°. A second mash is 172) showed that B. xylinus ( the vn»ar 
cade at about 65°, and the final sparging at plan* ’) had the power of transforming lanjpSse 
I6°-71°. This method ensures a better yield into cellulose. ■ 

,f a mcje fermentable wort. It is a common Theoretically 46 parts of alcohol ehonld yield 
iractioe to use raw grain, such as barley, flaked 00 parts nf acetiu acid, but in practice. there is 
aaize, or flaked rice in admixture with Rie malt, always a loss of at* least 10 p.c., and in many 
he diastase of the latter being sufficient to factories very much more. This loss is due 
lydrolyse the«wh61e of the starch present. partly to volatilisation of aldehyde and esters, 

If crude rice be used a preliminary treatment, and partly to the fact that acetic bacteria are 
uch as cooking with steam underpressure, is able to decompose? tke acetio acid which they 
lecessary to rupture the starch granules. have produced, and if\he aeration of an acetifier 

In other vinegar works the starch of the is irregular the production and decomposition 
ereals used is hydrolysed by a dilute mineral of acid may proceed simultaneously in different 
,cid instead of by the diastase of malt. For this parts of the apparatus. 

mrpose the grain, usually maize or rice, is Should* insufficient air be supplied to an 
nixed with dilute (about 3 p.c.) sulphuric acid acetifier, the bacteria (in this country usually 
n a closed iron vessel and heated for several Brown’s B. rylinus) form themselves into the 
lours by steam under pressure, until a sample zooglonal condition, which is a tough gelatinous 
if the liquid is free from unconverted starch, pellicle which sooner or later chokes the aceti- f 
The contents of the converter, which now con- lying medium and arrests the process. On the 
ist largely of an acid solution of dextrose, arc other hand, excess of air promotes loss by 
leutralised with lime and chalk, and then drawn volatilisation and oxidation. The second essen- 
iff, cooled, and fermented in the same way as t.ial is a suitable temperature for the action of 
he wort frdtn the mash tun. the bacteria. On the Continent the acetifier® 

From 6 to 7 tons of grain can be treated work best at a temperature of about 85° to F., 
n a converter of peerage size, and the whole of whereas in England the optimum tempCTature 
he starch present will be •hydrolysed within is 108° to J10° F., whick may be partly due to 
i hours when heated with steam under a pressure acclimatisation of the bacteria. (Sunlight checks 
if about 10 lbs. the acetification process, and hence the. early 

Although most of the calcium sulphate vinegar makers took pains to exclude all daylight 
eparates from the liquid, sufficient will remain from their apparatus, but under the present 
n solution to afford an indication that the conditions of working this is unnecessary, for 
inegar was probably prepared by a conversion the amount of light which can find its way 
irocess. * through the aeration holes of the large aoetifiers 

Fermentation of the Wort. —The wort obtained now in use is practically negligible. • • 

»y one of the above described processes is cooled The methods of acetifioation first UBed In 
n a refrigerator, and pitched with yeast as in this country were essentially the same as those 
(.brewery, with the difference that a much higher used in the earlier methods of making wine 
emperature is permissible than in the case of vinegar (vide eu-prn), the casks being placed on 
jeer. In fact, with some yeasts it is advisabl • their sides in a room at about 24°, or placed in 
o have a temperature a-i high as 21°-24° to rows in a ‘vinegar field.’ The bung holes of 
heck the growth and obtain better attenua- the casks were left open; at each end near the 
ion. If malt with good diastatic power has top holes were *eft for the circulation of the 
>een used, and the wort has been prepared air. Each day a portion of the liquid was 
it a low temperature, there is usually no removed from a full cask and replaced by an > 
liffieulfcy in attenuating a wort from a sp.gr. equal quantity of liquid in a more advanoed 
if 1-065 to about 1-001. In certain cases stage of fermentation, until, after about three 
'igorous aeration of the fermenting wort is also months, the process was complete. This 
equired to effect this purpose. After fermenta- method of acetifioation, which was known as 
ion, which will be complete on the third day, * fielding,’ has been obsolete for many years, 
he gyle or wash, as it is now termed, is allowed Quick vinegar process ( Schnellessigbereitung). 
o stand for a few days for the yeast # to subside, The introduction of the so-called ‘ quick ’ pro- 
md is then pumped into store vats until required cess of making vinegar is attributed to Sehiitzen* 
or the further fermentation process. • bach, although in its main essentials it is only a 

Acetification of Ike Oyle. —The secondary or development of the method of acetification used 
.cetic fermentation of the alcoholic liquid is« in certain wine-vinegar factories in France in 
iffected by the action of one of the species of 1670 (vide supra). The main features intro- 
cetic bacteria, mentioned abote, which under duced by Schiitzenbach were the use of a larger 
egplated conditions of temperature and aeration vessel, and of mechanical means for the repeated 
undue the alcohol first to aldehyde and then to distribution of the gyle over the acetifying 
loetic acid, the relative proportions of the three medium. 

nbstances present in the liquid at any given The aoetifiers introduced into British vinegar 
tags of the process depending largely upon woiks about sixty years ago, at the time when 
he conditions of the fermentation. In addi- ‘utoves,’ as the Rectifying rooms were called, re¬ 
ion to aldehyde and acetic acid, acetal placed the vinegar fields, were Urgeyats taking a 
5Hj*CH(OC g H fi ), is also formed through the charge of about<1000 gallons. AWfut two-thirds 
ntetactkm of the aldehyde with the alcohol, of ,the way up was a perfoifted fakgt bottom 
md traces of ethyl acetate and other esters, upafl whichmeeeh shavings ot twigs were loosely 
nocinio acid and other acids, are produffedfj packed, and ujfcn these tJtfHucferia developed^ 
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while air currents were admitted throjjh a 
number of holes bored in the side of the vat 


smal 


.sti)el 
nan h 


slow the fal^e hpttom, and escaped through 
holes in the top of the vat. 

The gyle was distributed in a fine shhwcr 
over the shavings, by means of a revolving 
sparge, and trickling downwards encountered 


The working *f acetifier* is liable to be dis¬ 
turbed by the development of vinegar eels 
(Leptodcra oxophila), although tjjese oause less 
trouble in, this country than on the Con¬ 
tinent, where acetification is effected at a lower 
temperature. Another enemy of the acetifica- 

. .p. ___. tion process is the ‘vinegar mite,’ which, if 

the currents of air, which enabled the bacteria allowed to develop, will eventually slop the 
to acetify a small amount o£ the alcohol. The process, i- 

liquirl from the bottom of the vat was then The use of pure cultivations cf specific acetic 
pumped up again, to be once more distributed bacteria has been shown to increase the speed 
over the shavings, and so on continually for of acetification and improve the flavour of the 
two or‘three weeks until*nc*triy the whole of vinegar, but so far no attempt has been made 
the alcohol had been transformed intq, acetic to make use of them in this country, where in¬ 
acid. The drawback of shavings as a medium sufficient importance is attached to the flavour of 
was that they soon bocame clogged with mother- vinegar (Henneberg, Zeit fur Spiritusind. 1898, 
of-vinogar in places, so that the air was no 180, and Cent. Bakt. 1905. 14, 681 ; Rothenbach, 
longer evenly distributed throughout the Woch. fur Bran. 15, 445, and I)eut. Essiggind. 
medium, but made channels in various places. 1905,9,217, and Woch. furBrau. 190G, 23, 260 ; 

For this reason, in many factories shavings Mayer, Zeit. fur Spiritusind. 21, 334 ; Buchner 
were replaced by basket work in superposed and daunt, Annalen, 1906, 349, 140). 
layers, and those worked much more regularly, The Group System. —Acetic bacteria are 
and could be more easily cleaned. In other sensitive to the action both of alcohol and of 
works porous lumps of charcoal, which had been acetic acid, being killed by alcohol of 10 p.c. 
washed, first with acid and then with water, strength, and weakened by alcohol of much 
were used as the acetifying medium, and pro- lower strength. Their greatest vital activity is 
moted the acetification by ’the absorption of attained when the wash reaches 4 jui acidity 
oxy ggp. of between 2 and 3 p.c. of acetic acid, and their 

JnWagenmann’s * graduator,’ which was acetifying power becomes less as the proportion 
devised about 1830, a perforated shelf was fixed of acid rises. It is possible, however, to acclima- 
about 5 inches from the top of the vat, and tise them to resist the action of more alcohol 
through each of the 400 holes cotton or hemp and acetic acid than under normal conditions, 
wick was suspended to guide the liquid down- and on this fact is based the group system of 
wartlR on to the shavings. acetification. 

In this apparatus -was foreshadowed the Since a 12 p.o. vinegar could not be obtained 
idea utilised m Luck’s acetifior, in \ghich the directly from one acetifier, the acetification of 
shavings were replaced by launches of cords such concentrated products as Essigsprit (vide 
strefclied between the distributing tray and the suqyra) is effected in three groups of acetifiers. 
false bottom. This type of acetifier works The first group is charged with a wash which 
regularly and is easily cleaned. will yield a vinegar of about 6 p.c. strength, and 

Another type of acetifier, patented by this is fortified with an alcoholic wash (usually 
Leaker, is made up of a scries of rectangular grain or potato spirit) in sufficient quantity to 
compartments containing shelves of absorbent yield a vinegar containing 9 to 10 p.c. of acetic 
woven material which act as the acetifying acid in the second group of acetifiers; and the 
medium, whilst a fan is employed to draw the vinegar from these is again fortified before being 
evaporated products into a condensing coil. transferred to the third group of acetifiers for 
In Singer’s acetifier several rectangular the completion of the acetification. 
compartments are superposed, and each of them Filtration and Storage of Vinegar. —As soon 
contains a series of wooden tubes packed with as the vinegar has reached its maximum aoidity 
shavings or charcoal, and the wash is acetified it is at once pumped into store vats, for it is 
as it trickles successively through these tubes essential that it should not be left in the acetifiers, 
from the top to the bottom of the apparatus. where the bacteria would oxidise the acetic acid 
Bersoh’s apparatus is also rectangular in ( vide supra). 
form, and is packed with a series of frames In some works the vinegar is clarified by the 
filled with slats ofr wood with a space of about addition of potassium ferrocyanide. It has been 
| inch between each slat. These frames are shown by Tlarden that there is a possibility 
superposed, with the slats running in alternate <of hydrocyanic acid being liberated in the 
directions, and the wash is acetified as it trickles presenoe of excess of the pgjoipitant (L. G. B. 
down through the successive layers of frames. Report on Vinegar, 1908, p. 27). 

It is claimed that this acetifier gives a theoretical After remaining in the store vats for as long 
yield of acetic acid, owing to its perfect Bystem a time as possibjg, preferably not less than three 
of aeration, but in the writer’s experience, this is months, the crude vinegar is filtered. The filters 
not the case under English methods of acotifica- used in most vinegar works are known as rapes, 
tion, the best yield obtained being 0‘96 p.c. of owing to the faot that raisin stalks were at one 
acetic acid from 0‘97 p.c. of alcohol in 24 hours time—and to a limited extent are still—used as 
(J. Inst. Brewing, 1917, 23, 362). part of the filtering medium. Filter beds com- 

Other modifications of the aoetifier makp posed of layers of Band, shingle, and beech chips 
use of a siphon within a tank‘ftp distributing i are used for the rapes in other factories, whilst 
the wash ov» a perforated traj^ whilst the air in others again the rapes have teen entirely 
required jp the Biphon tank is drawn from the superseded by filters containing paper pulp as 
•pace at the top (ft the acetifier, Vo thatche the filtering mediunf. 
aeration of the &gpa*H|;u8 remairife under control. ' 


(After being filtered the * bright ’ vinegar Is 



again stored to develop an aima through *the prooAs contains on the average 5*7 p.c. of acetio 
combination of acetio acid with traces of acid,"and 0*4 p.c. of alcohol. The total solids, 
residual alcohol, and is then diluted to the ash and glycerol are substantially the same as 
strength requu%d by the trade. in the cider from which the vinegar waajpre- 

Tnese different strengths, technically known panvl (Tolman and Goodnow, J. Ina. Eng. Cnom. 
as ‘ trade numbers,’ ore termed Nos. 16, 18, 20, 1913, 5, 928). Perry and crab-apple vineggr are 
22, and 24. It i3 sometimes asserted that these used in Wales and Monmouthshire, and possess 
numbers denote the number of grains of sodium characteristic pr<jperties. 

carbonate neutralised by I oz. of th^ vinegar, Glucose or sugar vinegar is prepaled by 
but both the tradition of the industry and con- tho conversion of •amylaceous substances into 
temporary evidence show that they indicated^, sugar, by the action of dilute aoids, followed by 
the price in* pence per gallon at which the fermentation and acetihcation. It contains 
vinegar was sold (Penny Magazine, 1842, p. 430; dextrose, dextrin, and very often gypsum, with 
Tomlinson’s Cyclopadia of Useful Arts, 1854, hardly any proleiit|. The ash is composed 

p. 7; W- S<>o. Choni. hid. 1918. 148 R). mainly*of potassium so^ts, is rich in sulphates, 

The trade numbers would thus originally bo and in the case of cane-sugar vinegars, readily 
analogous to the term ‘ six ale,’ meaning ‘ six- fusible (Allen's Comm. Org. Anal. 1909, 498). 

shilling ale.’ It is stated to be used for adulterating wine 

Before being sent out to the trade vinegar vinegar. It can be distinguished from other 
is frequently coloured to a dart shade by the vinegars by the addition of 3 or 4 volumes strong 
addition of caramel. * alcohol, which produces a slimy precipitate of 

Distilled, Vinegar. —In the early method of dextrin. Barium chloride usually gives a copious 
preparing aromatic or i wheal uneqar (title precipitate, due to the sulphuric acid used in the • 
su-pra), vinegar was distilled in a retort at manufacture of the glucose, 
the ordinary pressure, but m the modern process Vinegar is now made from skim milk by 
tho distillation is effected at a lower temperature addition of sugar, neutralisation with chalk, 
under reduced pressure, and can thus bo carried pitching first witn yeast and then with Mycodertm 
very much*further without risk of burning tho aceti (Baibier, Er. Pat. 334071, 1903). 
solid residue, and flavouring the distillate. Dale vinegar is made by the consj^tive 

The small stdls comn^nly used for this alcoholic and acetic fermentations. Compared 
purpose are made of guninotal lined with tin, with malt vinegar, it i# low in phosphoric acid 
and are hoated by a steam jacket. The outlet and nitrogen. 

pipe from the still is connected with a tin coil Wood ‘ vinegar ,’ as its name indicates, is 
immersed in a vessel of running water, and nothing more than dilute acetic acid coloured 
delivers into a receiver m which is a pipe con- with caramel, and sometimes flavoured with 
nected with a vacuum pump. Tho still takes brewed vinegar or with acetio ester. It con- 
a charge of about 100 gallons, which is distilled tains abcfcit 0*2 to 0 6 p.c. of total solids, 0*02 to 
under a reduced pressure of about 20 inches until 0-04 p c. of ash,* and traces of ph<^pho»o # aoid 
only a semi-solid mass resembling treacle and nitrogen.# 

remains in the still. Prnpethts .— Malt vinegfr is a brown liquid 

The distillate is sold under the names of of a characteristic odour duo to the presence, in 
distilled malt vinegar , while vinegar and (mcor- addition to the acetio acid, of acetic and other 
rcctl\) white wine, vinegar. esters. Acetio ester is sometimes added in 

In addition to wme and malt, vinegar is pie- small quantity to increase this aroma, 
pared from many other substances. Cider The addition of 1 part sulphurio acid to 
vinegar is of a yellowish colour, sp.gr. 1013 to 1000 parts vinegar was permitted by an Excise 
1*015. It contains 3| to 6 p.c. acetio acid, and Act of George Til. of 1818, but this Act has long 
on evaporation loaves a mucilaginous residue, been repealed. Such addition is quite un* 
smelling and tasting of baked apples, and con- necessary, and is probably never made at the 
tabling malic but not tartaric acid. The residue present time. 

varies from 1 *5 to 1 *8 p.c. Genuine cider vinegar Malt vinegar usually contains alcohol, dextrin, 
is distinguished from spurious cider vinegar by sugar, and extractive matter, acetates, chlorides, 
the residue, which consists of glycerol, albuminous and sulphates, and on evaporation and ignition 
matters, gums, malic and other organic acids leaves a residue containing much phosphate, 
and mineral matters. They have no rotation Analysis of typical vinegars sold as ‘ malt 
and little cupric reducing power after the URual vinegar ’ are given in the taule at top of p. 22. 
clarification with basic lead acetate ^tolutioi^ Of these samples Nos. I. and II. show the 
Acetylmethyl carbinol is a characteristic con- normal figures for barley malt vinegar. No. 
stituent of cider tinegar. The ash of a jjure 111. was said to contain products of cereals other, 
cider vinegar amounts to not less than 0*25 p.c* than barley, whilst No. IV. was made from a 
consisting mainly of potassium oxide, with mixture of rice and green malt, the former being 
small quantities of alumina, lime, magnesia, responsible for the low phosphoric acid, and the 
Bulphate, and phosphate, variable amounts of latter for the high nitrogen. Np. V. contains 
oarDonate, and complete absence of soda, abnormally low solid matter, and No. VI. was 
Spurious cider vinegars leave a molasses-like made by the conversion process, 
residue and an ash with a large percentage Wine vinegar varies in colour from pale 
of lime or soda (Doolittle and Hess. See yellow to red; that made from white wine is 
also Smith, J. Amer. Chem. Soc. 1898, 20, 3 ; •ipost esteemed; it usually has an alooholio 

Leach and#Lvthgoe, l.c. 1904, 26, 375 ; Van odour. Its sp.gr. is 1*014 to 1*0]#; it contains 

Slyke, New York Agric. Exp. Stn. Bull. 1904, from 6 to 12 jfc. acetio acid. A ntre (1*76 pint) 

258, 439; Ladd, N. Dakota Exp. Stn. Bull, of # Orlean^ vinegar usually saturates 6 or 7 

-32, 278). Cider vinegar made by the ‘qypok’ gitma (92 to 108 grains) of gure dry sodium 
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carbonate. On evaporation the total, extract 
varies from 1*7 to 2 4 p.c., of which 0 25 p.c. is 
usually potassium tartrate, a salt peculiar to 
wine vinegar. The residue, with the exception 
of the tartar, should dissolve in alcohbl. 

The proof vinegars of various countries differ 
considerably; the minimum of acetic acid 
allowed by the various Pharmacopaias is— 
France, 8 to 9 p.c.; Germany and Austria, 
6 p.c.; Belgium, 5-6 p.c.; Russia, 5 p.c. ; United 
States, 4*6 p.c. Vinegar is no longer official in 
the British Pharmaoopu ia. The bulk of the 
vinegar sold in this country is of a strength just 
over 4 p.c. A standard ’was fixed by the 
Soc^y of Public Analysts in 1870 of a minimum 
of 3 pTc., and this being accepted by the trade, 
became in practice the <*egal standard. Jn 1912 
the Local Government Board recommended the 
adoption of a 4 p.c. standard, but no statutory 
force has been given to this recommendation. 

Analysis of Vinegar. 

Acidity. —This is usually estimated, by titra¬ 
tion whh standard alkali, witty. phenolphthalein 
as iacucator/. In the case of dark samples 
caramel may be .precipitated 'by means of 
fuller’s earth and an aliquot part of the filtrate 
titrated. ‘ Spotting ’ tests with litmus as 
indicator give results about 1 p.c. lower in terms 
of A/2 alkali solution than direct titration with 
phenolphthalein as indicator (Brode and Lange, 
Arb. kaiser!. Gesundheitsamte, 1909, 30, 1). 

Total solids. —A measured quantity is 
evaporated and the residue dried to constant 
weight at 100°. Constant shaking during the 
evaporation is necessary to expel the acetic acid, 
and a final ^titration of the aoidity of the residue 
is advisable. 

Alkalinity of the ash. —This may afford an 
indication of the probable origin of the vinegar, 
a glucose product, for instance, showing a low 
proportion of potassium oxide owing to the 
mineral acid used for the hydrolysis having 
combined with part of the bases. Variations 
In the results given by different types of vinegar 
are seen in the following results :— 
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Free mineral acids .—These are seldom, i 
ever, added to vinegar at the present time 
Thev may be detected by means of (H p.c 
methyl violet solution, which is not affected bj 
acetic acid, but is changed to blue or green bi 
mineral acids (Hilger, Arch. Pliarm. 1876, 193) 
A method of detecting and estimating fre< 
sulphuric and other acids was based by liehnoi 
on the fact that vinegars containing acetates 01 
tartrates cannot contain free mineral acid, anc 
since on igmting these salts they are decom 
posed into carbonates, an examination of the 
ash of the vinegar will afford an indication oi 
the presence of tree acid (Analyst, lf?77, 1, 105). 
A later method devised by RichardSon and 
Bowen (J. Soc. Ghom. Ind. 19£0, 25, 836) enables 
an estimate to be made of the amount of sul 
phuric acid originally added to a vinegar. 

Combined sulphunc acid. — Commercia 
samples usually contain from about 0'03 tc 
0*17 p.c. of sulphuric acid in the form of sul¬ 
phates, quantities in excess of the lower figure 
usually being duo to the vinegars having beer 
made by the conversion process. 

Added acetic acid .—No direct test for added 
acetic acid has been devised, and an inference is 
usually drawn from the deviation of the figures 
from those normally given by a vinegar brewed 
from barley malt." Fincko s test for formic 
acid, which is usually present in acetic acid 
{vide supra), is untrustworthy, since formic acid 
is also a normal constituent of grain and wine 
vinegars. 

Phosphoric acid .—The ash from 10 c.c. ol 
tjie vinegar is disSolved in dilute nitric acid, 
and treated with a large excess of molybdie 
reagent. The yellow precipitate is washed twice 
by decantation with cold water, dissolved in 
ammonia solution, and the solution evaporated. 
The weight of the residue multiplied by 28'fi 
gives the amount of phosphoric acid P,0 8 . 

Nitrogen^ is conveniently estimated by 
Kjeldah^’s method in 10 to 25 c.o. of the vinegar. 
For comparing the results both of phosphoric 
acid and nitrogen in virfegars of different 
strength Hehner’s method of expressing them is 
terms of ‘ original solids ’ is a convenient, though 
empirical, methdl (Analyst, 1891, 16, 92 : ibid. 
1893, 18, 245). 

Optical Standard for Malt Vinegar.—The 
U.S.A. Dept. Agnc. (Circular No. 19,1906) stated 
that vinegar made from barley malt or cereal was 
dextrorotatory, but Chapman (Analyst, 1912, 
37, 128) showed that the proteins and their 
hydrolytio products may cause vinegar to 
show a bevo-rotation. 

Caramel .—Added caramel may frequently 
> be precipitated by the addition of ailler's earth, 
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but the test is not always satisfactory, since*the 
amount removed varies with’the character of 
the earth (Dubois, J. Amer. Chem. Soo. 1907, 
29, 75). A method of precipitation with tannin 
is recommended by Lxchthardt (J. Ind. Eng. 
Chem. 1910, 2, 389), but has the drawback that 
proteins and iron are also precipitated by tannin. 
Amthor has based a method of detecting caramel 
on its precipitation by paraldehyde (Zeitsch. 
anal. Chem. 24, 30). • 

Metallic Impurities .—The chief metallic 
impurities to* be looked for in vinegar are iron, 
copper, lead, and tin. The prosence of iron 
may be detected by adding potassium fcrro- 
cyanide directly to the vinegar. For the detec¬ 
tion oi traces of the other metals the methods 
(suitably modified) described under Aerated 
Waters may bo used, whilst arsenic may be 
detected and estimated by the official method 
of the Conjoint Committee of the Soc. Chem. 
Ind. and Soo. Public Analysts (Analyst, 1902, 
27, 48). 

Formic acid in distilled vinegar or spirit 
vinegar may be estimated by the method 
recommended by Ost and Klein (Chem. Zeit. 
1908, 32, 815). The acid is neutralised with 
alkali and titrated with permanganate. Other 
BubBtancctfwwhich reduce permanganate must be 
absent, which renders the method inapplicable 
to ordinary malt ^.nd grain vinegars. 

Oxalic acid may be climated by concen¬ 
trating the vinegar and then boiling with calcium 
acetate solution. 

Potassium hydrogen tartrate is estimated by 
titration against A/2 alkali, and tartaric acid by 
conversion to potassium hydrogen tartrate and 
subsequent titration (Zeitsch. anal. Chem. 1908, 
47, 57). 

(For the estimation of methyl alcohol in 
vinegar, see Ann. Chim. anal. 1901, 0, 127 and 
171.) 

Cayenne pepper, ginger, and other flavouring 
matters may be discovered by neutralising and 
tasting the vinegar. 

Ciievallier has found fuohsine in French wino 
vinegars. C. A. M. 

Metallic Acetates. 

Aluminium acetates. 

The triacetate or normal acetate A1 2 (C 9 H 3 0 2 ) 6 
is not known. A solution corresponding to this 
compound, but which appears to ne a mixture of 
the aiacetate and acotic acid, is the only acetate 
of commercial importance. It is known as ‘ red 
' liquor ’ or ‘ mordant rouge,’ and is largely used 
in dyeing and calico-printing, especially for the 
production of red colours, madder r?ds and pinks 
(whence its name of red liquor); for tlfb produc¬ 
tion of dense lakes*and for waterproofing woollen 
fabrics. It is prepared by several method!. * 

A solution of alum is added to acetate of 
lime liquor. The lime is pmcipit&tcd as sul¬ 
phate, its place being taken by tho aluminium, 
with tho formation of aluminium acetate; 
ammonium or potassium sulphate (according to 
whether ammonium or potassium alum has been 
used) 1a produced at the same time. The 
mixture is agitated and allowed to settle, and 
a small quantity of the clear fluid removed and 
tested by Ae addition of alum ; if a precipitate 
forms sufficient alum haf not been used and 
more must be added. The solution is filtered. 


concentrated to a specific gravity of 1067 to 
1 TO* and allowed to deposit any calcium sulphate 
still present. Calcium sulphate, being slightly 
soluble in water, is contained in the liqtrni in 
small quantity, and diminishes the brillianly of 
the*colours produced. By the substitufon of 
lead acetate for the calcium acetate a rotter 
product is obtained. For this purpose 100 lbs. 
alinn are dissolved in 50 gallons water, and 
treated with 100 lbs. finely-powdered lead acetate 
with constant stirring; or, using the same 
quantities, 10 lbs. crystallised sodium carbonate 
are added before the acetate of lead j or, to 
100 lbs. alum in tiOwgallons water 6 lbs. of car¬ 
bonate are added in %inall portions, followed by 
50 lbs. of lead acetate. The addition of the 
carbonate is made with a view to the production 
of a basic aluminium sulphate in addition to 
the acetate, and as the sulphate assists the 
mordanting, less acetate is required. The 
solutions are allowed to settle and decanted. 
They contain the aluminium acetate mixed with 
basic aluminium sulphate and alkaline sulphate.^ 

An aluminium sulpho-acetate appears to act 
satisfactorily. It is prepared by mixing (1) 
453 lbs. ammonium alum (or 383 Ids. aluminium 
sulphate), 379 lbs. lead acetate, 1132 lbs. water; 
or (2)-453 lbs. alum (or 333 lbs. aluminium sul¬ 
phate) and 158 lbs. acetate of lime. Thjynix- 
ture is agitated, settled, and the clear uquid 
decanted. • 

By the use of aluminium sulphate, red liquor 
of the same density contains much more of the 
active alumina than that prepared with alum. 
Thus in a sample of the former 1 gallon con¬ 
tained 4 oz. 416 grs. alumina, whilst the average 
amount Jfound in three samples prepared from 
alum was 3 oz. $45 grs. The addition o£a little 
ammonia or other alkali to the r^l liquof pre¬ 
pared from aluminium sulphate is advantageous 
for certain colours. Red liquor usually contains 
from 3 to 5 p.c. alumina (Al 9 O s ) and 6 to 10 p.o. 
acetic aoid; its density varies from 1*085 to 
1 * 120 . 

The importance of the formation of the gela¬ 
tinous basic aluminium acetate A1(0 ■00011,)OH 
in protecting aluminium plant from the action 
of acotic acid has been mentioned above. 

Ammonium acetate 0,H 3 0,NH 4 . 

Tho crystalline salt is usually prepared by 
saturating glacial aoetie acid with dry ammonia 
gas. In solution it may be prepared more 
cheaply by neutralising acetic acid solution with 
ammonia. On evaporation, a solution of the 
salt loses ammonia, and leaves the acid aoetate 
or diacetate. • 

Ordinary solid ammonium acetate always has 
an odour of acetic acid; it is very Boluble in 
water and alcohol. 

Pure ammonium acetate should be entirely* 
volatilised on heating. The commercial salt 
usually contains the same impurities as sodium 
acetato. 

The official ammonium acetate solution of 
the B.P. is prepared by neutralising 33 p.c. 
acetic acid with ammonium carbonate and 
diluting the liquid to a sp.gr. of 1-016. When 
treated with an equal volume of a saturated 
Solution of Androgen sulphide it should not 
darken in colour (limit of heavy (metals). 

Calcium acetate. DiacdkUt of lime. Pyro> 
lidhite ofmne. CafC-H.Ofk. * 
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** ' This important salt is prepared by neutral¬ 
ising acetic acid, or pyroligneous acid, witlqlime 
or chalk. 

In the preparation from pyroligneous acid, 
the K.’ude acid may be used, in which case the 
acetate of lime is known as broum acetate ; or the 
distillfed liquor may be employed, producing grey 
acetate. The acid is placed in large wooden or 
iron pans, and powdered chalk‘or lime added in 
slight excess; the liquor rerpains at rest at a 
warm temperature until clear, and is thon 
siphoned off into the evaporating pans. It is 
generally evaporated by moans of coils of pipe 
through which steam passes ;* in this case the 
vessels are usually wooden*- and lined wit|i lead, 
but sometimes iron panA are used, the evapoia- 
tion being conducted over a fire. The tarry 
impurities which rise to tho surface as the 
liquid evaporates are removed with a*skimmer. 
As the acetate forms, it is withdrawn and 
drained m wicker baskets suspended over tho 
pans. 

Th£ proper drying of the salt is necessary 
Ho the formation of a good product. In large 
works a drying house is used, which is usually 
a wind furnace 7 or 8 feet long, \\ feet broad. 
It is first heated from 75° to 115°, and the fire 
Blackened; the salt is then spread over the 
bottom to tho depth of about 2 inches, and when 
somdSfeut dry an oqual quantity is spread above 
it, the salt is repeatedly turned, and the boat 
continued for about 24 hours. When tho pro¬ 
duct appears to be dry, the heat is increased 
to about 125°, and the last traces of moisture 
driven off. Care must be taken that the heat 
is not too high, or the salt becomes decomposed. 
As in the case of sodium acetate, no sparks 
must touch the mass, or it may t burn away like 
tinder c 

The product, when prepared frbrn the b)oum 
liquor, is dark-coloured and contains char¬ 
coal and decomposed tarry matters; it may bo 
dissolved in 3 parts hot water, filtered through 
animal charcoal, and again evaporated and 
crystallised, yielding a nearly colourless product. 

Pure calcium acotate crystallises in silky 
needles or prisms containing two molecules of 
water. At tho ordinary temperature the crystals 
effloresce, and at 100° become anhydrous, 
forming a white powder of saline taste, very 
soluble in water. 

Calcium acetate is used in tho preparation of 
other acetates, and of acetic acid, and in calico- 
printing. The pure salt is completely soluble in 
water and proof spirit. The commercial article 
usually contains 62 ft to 07 p.c. of real acetate, 
and 1 to 8 p.c. of matters insoluble in water. 
The impurities are hydroxide, carbonate, and 
sulphate of calcium and tarry matters ; formate 
ana other salts of calcium with fatty acids also 
ooour. 

Many methods of assay for this substance 
are in use, varying considerably in accuracy. 

The most trustworthy method is to distil 
with pure phosphoric acid and titrate the distil- 
i late as already described under acetic acid (see 
Stillwell, J. 8oo. Chem. lnd. 1904, 305; Gros- 
venor, ibid. 630; Gladding, J. Ind. Eng. Chem. 
1909, 260). The acetic acid may also be 
expelled by Evaporation with formio acid, 
(Hoermann, Chem. 5^it. 1915, 39, 124). 

Cateium teeto-chloride CaCjH.OjClff H,0 hif 


already been described as used in Condv’s process 
for the preparation of pure acetic acid. 

Copper acetates. 

The normal copper acetate iq, prepared by 
dissolving cupric oxide or verdigris in acetic 
acid ; or by the action of copper sulphate on the 
acetates of lead, calciuiq, or barium. 

It crystallises in prisms ; soluble in 13 parts 
cold or 6 parts hot water, and in 14 parts 
alcohol. Cn oommerce it usually occurs in 
bunches of deep-green coloured opaque crystals 
known as ‘ grappes.’ 

Copper acetate is used in the manufacture 
of pigments ; as an oxidising agent in the indigo 
vat; and, formerly, for tho preparation of 
acetic acid. ^ 

Basic copper acetate. Verdigris. Vert-de-gru. 

I crl de Montpellier. Chuns pan. 

This substance consists of a mixture of mono-, 
di-, and tri-basic acetates of copper, which are 
present in different proportions in different 
varieties of verdigris. 

At Grenoble and Montpellier the following 
process is used : The ‘ marcs * or residues from 
the wine factories, consisting of the skins and 
stems of grapes, are loosely placed in earthen 
vessels, about Ifi inches high, 14 inches in 
diameter at the widest part, and 12 inches at the 
mouth, covered and allowed to ferment, until 
on inserting a piece of copper (previously 
moistened with verdigris and dried), it becomes 
uniformly coated green in 24 hours. The 
fermentation should not proceed too far, or 
decomposition nray ensue. 

The copper used is in sheets ^ inch thiok, 4 
to G inches long, and 3 to 4 broad, each woighing 
about 4 oz. ; they are freed from scales, if neces¬ 
sary, rubbed with a solution of verdigris and 
dried ; unless this precaution be adopted, the 
first coating produced by the marcs will be 
black instead of green. They are heated over a 
charcoal firo until as hot as the hand can bear, 
and placed in an earthonware vessel in layers 
with the marcs. 30 to 40 lbs. of copper arc 
used for each vessel. In from ten to twenty 
days, according to the temperature, the covers 
are removed, when, if the process has pro¬ 
gressed favourably, tho marcs will be whitish 
and the copper covtred with fine, glossy, green 
crystals. The plates are then removed and 
placed on end one against another. After two 
or three days they aro moistened by immersion 
in water or damaged wine, and again plaoed on 
end for about a week. This alternate moisten¬ 
ing and exposure to the air is continued for 
about six or eight w’eeke. The plates thus be¬ 
come covered with increasing coatings of the 
vwdigris,♦which is detached and the plates are 
again used until entirely ea^en aw'ay. The 
vgrdigris is kneaded with a little w’ater into 
leather bags, pressed into rectangular cakes and 
driod. « 

This substance is known as blue verdigris , 
and consists principally of the basic acetate 

(C 2 H 3 0 2 ) 2 Cu 8 0. 

It should be dtry, of a fine bluish colour, and 
soluble in dilute acids and ammonia. 

Green verdigris contains as a principal consti¬ 
tuent the sesquibaBic acetate, CuO*2CufC 8 H jO,)j, 
and is prepared by placing the copper plates 
alternately with cloths moistened every two or 
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three day* with pyroligneous acid or arctic a'cid (fertqeis sulphate); thus, the addition to 1 gallon " 
until the plates show grSen crystal*. The plate* of bltck liquor, sp.gr. 1*085, of £ lb. copperas, * 
are arranged bo as to allow free acoess of air and would raise its density to 1 111. Tannin also is 
occasionally moistened, for five or six weeks, sometimes added. • * m 

Large quantities of verdigris are manufactured in Black liquor is also prepared by the action of 
England by this process from pyroligneous acid. ferrAia sulphate on acetate of lime ; the liquor 
The imports of verdigris are very small. produoed has an average density of I'll, and 

In Abresh’s process (Fr. Pat. 391003, 190S) always contains calcium sulphate. By the - 
minerals containing the oxide or carbonate of action of lead Icetate on ferrous carbonate, 
copper are decomposed with 15 p.c. acetic acid carbonate of lead and ferrous acetate are pro¬ 
solution, the excess of acid neutralised or dis- duced. 

tilled, alkali -added to precipitate iron alumi Black liquor absorbs oxygen from the air, 
nium, calcium, &c., the liquid filtered and forming ferric acetate, which is always present 
concentrated, and the copper acetate separated in the liquid. Tfl diminish this action clean 
by crystallisation. metallic iron is frequAit^ added. 

The various forms of verdigris are used as It is largely used in calico-printing and in 
oil and water colours. With white lead it is dyeing, in the preparation of blue, violet, black, 
used in Russia and Holland as an oil paint, brown, and other colours, and for producing A 
which by double decomposition pioduces a black colour on hats, furs, leather, wood, &c. 
peculiar green. The paint is considered a good Lead acetate. . Normal or di-acetate of lead. 
preservative. Verdigris is used in dyeing and Sugar of lead. Sd de Salurne. Bleizucker. 
calico-printing, and for the preparation of Pb(C 2 H 3 O a ) 2 . * 

Schweinfurth green and other copper paints. For the preparation of white acetate of lead, # 

Verdigris is frequently adulterated with chalk, leaden vessels are used, or copper pans, on the 
sand, clay, pumice, and sulphates of copper, bottom of each of which a piece of motallio lead 
barium, and calcium. When brass sheets have is soldered to produce a galvanic action and 
been used in the preparation instead of copper, prevent the copper from being acted upon. In 
zinc will aliW) be present. the vessel acetic acid of 45 p.c. or less is placed, 

When warmed with dilute hydrochloric acid and to 100 parts of 45 p.c., or a proportjmate 
the sand, clay, biyryta, &o.. will remain undiH- quantity of a weaker acid, 86*5 parts of litharge 
solved, and may be weighein The total residue arc added in small qifentitiea, with constant 
in a good sample will usually amount to 3 p.c., stirring, until the liquid is nearly neutral; it is 
but should not excocd 0 p.c. then heated to boiling and impurities skimmed 

Aceto-arsenite of copper. Schweinfurth green from the Burfaeo, transferred to another vessel, 

(v. Arsenic). evaporated to a density of 1*6, and removed to 

Ferric acetate Fe 2 {C 2 H a () 2 ) 6 . This salt is the crystallising pans, which are usually of 
prepared by the addition of calcium or lead wood, hn*d with lead or copper, 4 feet by 2 feet, 
acetate to ferric sulphate or iron alum, avoiding and fi or 8 inches high. The coarsely crystalline 
excess of the acetate. It is used as a mordant, mass thus obtained is drained on wflbden rfteks, 
its action corresponding with that of aluminium and broken into lumps for the market, 
acetate. An alcoholic solution is used in A coarser variety, known as brown acetate, is 
medicine, but is no longer an official drug in prepared by substituting distilled pyroligneous 
the B.P. acid for the purer acid. The muddy liquid pro* 

For many purposes a mixture of ferrous and duced is loft to settle in a large tun, and the 
fen to acetates is preferred. It is prepared by supernatant liquid transferred to a large iron pan 
repeatedly pouring pyroligneous acid on iron and heated to boiling. It is again allowed to 
turnings until saturated with iron. The liquid settlo, transferred to another pan, evaporated 
is known as 1 pyroligmte of iron,’ ‘ bouillon noir,’ until crystallisation commences, when about 3 
‘ liqueur de ferraillo.* volumes of water added, causing the remaining 

Ferrous acetate Fe(C a H 8 0 2 ) a . Pyrdignite of impurities to rise to the surface. The liquid is 
iron ; iron liquor or black liquor. Is prepared skimmed and diluted if the liquid is not B uffi * 
ou the large scale by the action of crudo pyrolig- ciently clear, and again evaporated until a small 
neous acid of sp.gr. 1*035 to 1*040 on iron portion crystallises when removed and oooled. 
turnings, nails, &c., at a temperature of- 05°. It is then ladled into pans and allowed to 
The solution is frequently agitated and the crystallise. 

tarry matters skimmed from the sui^ace as they As a rule, about 3 parts adfctate are produoed 
rise* # from 2 parts litharge. 

It is found that the purified acid produces & By another method granulated lead, white 
less satisfactory liqAor, a fact due, according to lead residues, &o., are placed in vessels standing 
Moyret (J. Soc. Dyers, i. 117), to the presence ofr obliquely one above another ; the upper vessel is 
a small quantity of pyrocatechol m the crude filled with strong acetic acid, whion after the 
acid, which forms a compound with the forro- expiration of half an hour is allowed to run into 
soferric oxide in the solution, and causes its the second vessel. Every half-hour it is re¬ 
intense colour and keeping properties. moved to a lower one. Aifcer the acid has been 

The liquid is intensely black, of sp.gr. 1*085 removed, the lead absorbs oxygen rapidly, and 
to 1*090, and is evaporated until its density rises becomes heated. On leaving the last vessel, 
to 1*120, or sometimes to 1*140. It is then the acid is again passed through the series, dis- 
ready for use, and is known as ‘ printer's iron solving the acetate which has been formed, and 
liquor.’ The liquor of density 1*120 contains is evaporated»*and crystallised. 0 
abo “* 10 J P* c *. iron * , • Schmidt (Eng. Pat. 7192. 189*) describes a 

The density of the liquor used by dyers is process foi^ preparing the. neutral #nd basic 
frequently raised by the addition 01 copperas acetates of metals such as lead and copper by 
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;&» action of dilute acetic acid and oxygensupon 
tfee metal contained in closed iron cylmdenL 

Jpnre lead acetate is a white crystalline salt 
ci MreetUh taste*and weak acid reaction, con- 
taiamg 3 molecules of water. 100 parts of water 
dissolve 54-38 parts at 25°, 87*77 parte at*35°, 
and 154*25 parte at 46°. At 280° it melts, and 
when heated more strongly it forms a basic /mlt 
and suddenly solidifies. c ' 

Lead acetate is largely used in dyeing and 
calico-printing; for the preparation of alum 
mordants, &o. ; in the manufacture of chrome 
yellow and other pigments, and in medicine. 

Lead forms two well-dsfihed basic acetates 
—the dibasic acetate Pb(C 2 H 8 0 2 ) 2 PbQ,2H a 0 
(Wittstem, Annalen, 52, 253), formed by dis¬ 
solving litharge in the normal acetate in cal¬ 
culated proportions; and the tribasic acetate 
Pb(CjH s O a ) 2 2PbO aq, prepared by boiling the 
normal acetate with excess of litharge for some 
time. Lead acetate and solutions of subacetate 
of lead are official drugs of the B.P. The 
i solutions are termed Goulard water and Liquor 
plumbi suhacetatis. 

In 1911 the annual production of white 
acetate in Germany was estimated at 2600 metric 
tons, about half of which was exported, mainly 
to Great Britain (Badormaim, Zeitsch. angew. 
Chem^l911,24,1211). 

Lead sub-acetate CII 3 *C0 2 Pb may be obtained 
by the action of acetio«anhydride on lead sub¬ 
oxide at 195°. It is a bluish-grey substance, 
soluble in alcohol (Denham, Chem. Soc. Trans. 
1919, 109). 

Magnesium acetate. A basic acetate of mag¬ 
nesium, prepared by warming the normal 
acetate with magnesia, is stated to be ^powerful 
antiseptic, disinfectant, and c deodoriser (W. 
Kubfel, Ber? 16, 684-686). A syrupy solution 
of the salt containing suspended magnesium 
hydroxide is found in commerce under the name 
of ‘ Sinodor.’ 

Potassium acetate C 2 H 3 O a K occurs in the sap 
of many plants, and of trees. 

Ite mode of preparation is similar to that of 
sodium acetate. It is u deliquescent crystalline 
solid, soluble in 0*53 part ice-cold water, and in 
hot water forms a solution which, boiling at 
109°, oontains 88 p.c. of the salt. 

When chlorine gas is passed through a solu¬ 
tion of potassium acetate, carbon dioxide is 
evolved and a powerful, unstable, bleaching fluid 
is produced. 

Potassium acetate may contain the same 
impurities as the sodium salt. The di- and tri- 
acetates are prepared like those of sodium. 

Sodium acetate C 2 H 3 0 3 Na is formed (1) by 
the action of dilute acetio acid on sodium carbo- 
itate, the solution being evaporated and crystal- 
hsed; (2) by neutralisation of pyroligneous acid 
with soda, and evaporation and fusion of the salt 
to remove tarry matters ; (3) by the addition of 
Glauber’s salt to solution of acetate of lime or 
of lead. The solution is decanted and filtered 
from the precipitated calcium or lead sulphate, 
evaporated and ftrystallised, and the crystals 
dissolved and reorystallised. Methods (2) and 
(3) are used on the manufacturing scale. » 

Sodium acetate forms monocSinio crystals, 
containing 3 ftolecules of water f has a strong 
saline taste; is sofuhle in 2-8 parte cold water 
wd in 0*5 boiling water. The crystal malt . 


plefolyat 75° and lose their water of oryst&Uisa 
tion at 100°. By solution of this salt in ordinar 
strong acetio acid and rapid evaporation the di 
acetate of soda is formed; when glacial acid i 
used the triacetate is produced. 

Sodium acetate is used for the preparation o 
acetic acid and in medicine, but is not official ii 
the B.P. ; for the preservation of meat ant 
other foods instead of salt. The saturate 
solution Vs occasionally used for filling carriagt 
foot- warmers. 

The commercial acetate is liable to contaii 
sulphates, chlorides and carbonateB, and me 
tallic salts. Tarry matters are frequently pre 
sent from the pyroligneous acid used in it 
manufacture. Acetate of lime, and sulphati 
and carbonate of potassium are occasionally 
added as adulterants. 

For tho estimation of acetic acid in com 
meroial acetates the method of Stillwell anc 
Gladding in a modified form is used (v. supra). 

Titanium acetate. A double acetate oi 
titanium lias been patented by Kunheim (Gcr 
Pat. 248251, 1911). It is prepared by adding 
excess of an alkali solution to a strong solutior 
of a salt of trivalent titanium, and crystallising 
the double salt in a vessel from winch air 5 
excluded. » 

Anhydrous metallic acetates may be obtained 
by the action of acetic anhydride on nitrates 
containing water nf crystallisation. The re¬ 
action is accelerated eatalytically by acids 
and also apparently by water, as anhydrous 
nitrates do not react so readily (Spath, Monatsh. 
1912, 33, 235). 

Alkyl Acetates. Acetic esters. 

Acetic acid forms numerous acetates with 
organic radicals. Some of these occur in the oik 
from various seeds. 

Amyl acetates C 6 H u (G a H 3 0 2 ). 

The following isomeric amyl acetates are 
known :— 

1. Normal amyl acetate, boiling at 147*6° 
(Gartenmeister); at 148-4° (737 mm.) (Liebon 
and Rossi). 

2. isoamyl acetate. 

3. Methyl prop)* carbinyl acetate, boiling at 
133 -135° (Wurtz); at 134°-137° (Schoriemmor). 

4. Methyl isopropyl carbinyl acetate, boiling 

at 125° (Wurtz). 6 

5. Diethyl carbinyl acetate, boiling at 132° 
(741 mm.) (Wagner and Saytzeff). 

6. Tertiary amyl acetate, boiling at 124° 
(750 mm.) Qriavitzky). 

Of these, only the second is of technical 
mterest, 


iso Amyl acetate, generally known as amyl 
«cri£fte (CH 8 ) a 0H*CH 8 CH a 0-C a H 3 0, is a colour¬ 
less liquid with an odour resembling that of 
jargonelle pears.* Sp.gr. 0-8762 15°/4 ? (Mende- 
leeff), 0-8562 22°/4° (Briihl), b.p. 138*5°-139° at 
758-6 (Sohiff). * 

It may be prepared by distilling a mixture of 
1 part amyl alcohol, I part strong sulphuric 
acid, and 2 parts dried potassium acetate ; or by 
warming a mixture of 1 part amyl alcohol, 1 
part acetic acid and 0*5 part strong sulphuric 
acid on the water-bath ana pouring Tine solution 
when oold into exo#as of water. The upper 
layer of purified amyl Acetate is separated, nha-kAn 
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with 4 strong solution of spdium carbhifate, 
again separated, dried over calcium chloride, 
and redistilled. 

It may be ^prepared commercially from fusel 
oil, hydrochlorio acid, and calcium acetate 
(Wilson, Eng. Pat.), and by the interaction of 
ehloropentane with sodium acetate, in the 

J iresence of strong acetic acid. To prevent the 
ormation of amylene the sodium acetate should 
be in a porous,' bulky condition*(Kaufler, 
Eng. Pat. 2779, 1913). The commercial amyl 
acetate contains some of the other isomeridea. 

It is insoluble in water, but dissolves in all 
proportions in ether, amyl alcohol, and ordinary 
alcohol. The latter solution is largely used 
under the name of Jargonelle year essence for 
flavouring confectionery. 

Camphor, tannin, resins, &c., dissolve readily 
in amyl acetate. A solution of gun-cotton 
therein is used as a varnish, for lacquering 
metals, &c., and in the form of a stiff jelly, 
mixed with opaque substances such as china 
clay, as a substitute for celluloid. 

It is also used in tho manufacture of photo¬ 
graphic films and in some smokeless powders. 

It has been recommended for use for the 
production of a standard flame in photometry 
(J. Hoc. Cftem. Ind. 1885, 262). 

The Hefner standard lamp burns amyl 
acetate as an lllq^iinant. 

Ethyl acetate. Acetic alter C 2 H 6 (C a H 3 O a ) is 
a fragrant limpid liquid of sp.gr. 0-92454 0°/4°. 
b.p. 77*15° (Wade and Morriman); sp.gr. 
0-92446 0°/4°, b.p. 77*17° at 760 mm. (Young 
and Forty). 

For the preparation of acetic ether 3-6 pta. 
by weight of commercial absolute alcohol are 
mixed with 9 pts. sulphuric acid with constant 
stirring. After standing twenty-four hours the 
mixture is poured on 6 pts. of fused sodium 
acetate (in small lumps), allowed to stand for 
twelve hours and distilled. The product is 
rectified over calcium chloride and potassium 
carbonate and redistilled. 

('lark recommend# the following process : 
283 c.c. (10 oz.) of rectified alcohol (sp.gr. 0-838) 
are placed in a flask, and 283 c.c. of sulphuric 
acid (B.P.) are addod with constant stirring. 
The liquid should be cooled externally as far aB 
possible, allowed to stand till the temperature 
nas sunk to 15°, and 351 grams (12f oz.) of dried 
sodium acetate added gradually, with constant 
stirring and cooling. The liquid is distilled 
until 400 o.c. (14 oz.) have passed over; this is 
digested for three days with 2 oz. freshly dried 
potassium oarbonate and filtered. 9 The filtrate 
is distilled on the water-bath until all^but 1 oz. 
has passed over. On the large scale drift! 
•odium aoetate iiay be substituted for the 
potassium carbonate with advantage [v. farther 
W. I. Clark, Pkarm. J. [31 1883, 777). 

Ethyl acetate may be prepared by the 
aotion of an aluminium alkyl oxide on acetalde¬ 
hyde in the presence of aluminium chloride, 
which has preferably been added during the 
preparation of the alkyl oxide from aluminium 
ana alcohol; or the melted alcoholate may be 
dissolved in anhydrous camphor, alum, &c., to 
increase the catalytic action (Consortium f. 
Ekktrochem. Ind., Ger, Pat, 286812, 1914; 
Eng. Pat. 4887,1015). . 

In the prooess of Farbwerke vorm. Meister, 


Lucias and Dittoing (Eng. Pat. 1288, W 
acetaldehyde ia treated with a filtered aolutten 
of aluminium tthoxide in an organic solvent, 
such as xylene or solvent naphtha at 0°~U°, a 
yield of about 86 p.o. of the theoretical amount 
of Ithvl acetate being claimed (of. Setyferenfl 
’and Abouleno, Compt. rend. 1911, 152,1671; 
Kwrtenacker and Haberm&xm, J. pr. them. 
1911 fii.1 83, 54T). 

I Ethyl acetate is soluble in 8 parts of water 
at 0°, and somewhat less soluble in water at 
15°. On the other hand, 1 part water dissolves 
26 partB of the acetate at 0° and 24 parts 
at 15°. 9 r 

Commercial acetiC ether usually oontains less 
than 75 p.c. of ethyl acetate, the rest being 
acetic aria, alcohol, water, ether, &c. It occurs, 

I together with other organio acetates, in Vinegar 
and winet. 

Methyl acetate CH 8 (C 8 H 8 0 8 ) is a colourless 
fragrant liquid of sp.gr. 0-9398 15°/15° ? boiling 
at 57-5° (760 mm.) (Perkin). It occurs in wood- 
spirit, and in crude wood-vinegar. 9 

Methyl acetato is best prepared by distilling 
a mixture of 1 part methyl alcohol, 1 part potas¬ 
sium acetate, and 2 parts sulphuric acid. Tho 
product is dried over calcium chloride and quick¬ 
lime "and redistilled. It is soluble in water, 
alcohol, and ether. ^ 

A solvent for resins, fats, cellulose, nitrate, 
&c., which consists largely of methyl aoetate, 
may be prepared by distilling pyroligneous 
acid until a tenth of its volume has passed over, 
then adding a mineral acid, and continuing the 
distillation until a third of the residue has 
distilled. The united distillates are then 
rectified* (Heilbronner and Criquebeuf, Fr. Pat. 
464646, 1913). • 

ACETIC ANHYDRIDE (CH 8 CO?,0 is fftrmed 

smoothly ana quantitatively by heating acetyl 
chloride with a metallic acetate. It is not, 
however, necessary to make a separate pre¬ 
paration of the acetyl chloride and almost any 
reaction which yields acetyl ohloride will yield 
acotio anhydride if an excess of metallio acetate 
be employed. The method originally employed 
by Gerhardt (Ann. Chim. Phys. 1863, [3] 37 
285) consisted in treatmg an exoess of anhydrous 
potassium or sodium acetate with a chloride or 
oxychloride of phosphorus.- Later, Geuther 
(Annalen, 1862, 123, 114) showed that the 
reaction occurs according to the equation 
4CH 8 COONa+POCl 8 

==2(CH 8 C0) 8 0+3NaCl+NaP0 f 

This method is a satisfactory one, but since 
acetio anhydride has become an article of com¬ 
mercial interest, it has been found desirable to 
substitute a cheaper reagent for the phosphorus 
compound. In nearly all the commercially 
practicable processes an anhydrous chloride or 
oxychloride of sulphur is employed. 

Sulphur chlorides. The use of the chlorides 
of sulphur instead of those of phosphorus has 
been known for a very long time (Heintz, J&hr. 
1856, 569), but these" liquids are unpleasant to . 
handle, and their aotion is not easy to control, 
The action of gulphur monochloride on the alkali 
salts of organic acids has be^L studied by 
Oenham and* Woodhouse (Cheto. Soo. Trans. 
1909,. 12^, and 1913, 1861), wly used an 
bsdiiferenr solvent to dilute the reagent and 




Sfr 


ACETIC ANHYDRIDE. 


control its local aotion. By treating dry sodium 
acetate with sulphur monoohlonae SuClf, in 
presence of a neutral solvent, Denham obtained 
an intermediate compound (CH 8 COO) a S 2 , which 
breaks up on heating, according to the equation 
2(CU|COO) a S 8 —2{CH a C0) a 0+S0 2 +3S. 4en- 
liam’s reaction, however, does not provide for 
the maximum technical utilisation of |ho 
reagents, since the sulphur dioxide, as an inor¬ 
ganic anhydride, should be •capable of taking 
part in the reaction and should not be allowed 
♦ to escape unuBed. 

Kessler (Fr. Pat. 316938,^1901), in making 
use of the action of sulphur cMoride on anhydrous 
sodium acetate, claims Uial by distilling off the 
acetic anhydride at a low temperature under 
reduced pressure, the production of sulphur 
dioxide is avoided. Whether tins is t|ie case or 
not, it is nevertheless certain that the distilla¬ 
tion of the acetic anhydride under reduced 
pressure constitutes a definite technical advan¬ 
tage when steam-heated vessels are used, and 
•this procedure has remained standard practice 
in all subsequent methods. 

H. Dreyfus (Eng. Pat. 100460, 1910) has 
clearly set forth the principles which govern the 
technical manufacture of acetic anhydride by 
the action of Bulphur chloride on diy sodium 
acetaiu, in order to avoid the production of 
sulpliur dioxide and of ehloroaeetie acids by 
substitution, (a) The rffagents are used in the 
proportion of 6 atoms of chlorine to 8 of 
sodium; ( b ) the reaction is allowed to take 
place in presence of a diluting agent, in order 
to avoid any local excess of sulphur chloride and 
overheating, for which purpose acetic anhydrido 
is most conveniently employed ; (c) this sulphur 
chloride is run slowly into the \ve41-conled mixture 
of soaium acetate and acetic anhydride and the 
temperature is not allowed to rise above 16° G. 
until all the sulpliur chloride lias been added. 
For example : a mixture of 720 kilos of dry 
pulverised sodium acetate and 600 kilos of 
acetic anhydride is cooled below 0° C., and 
306 kilos of sulphur dichloride is gradually 
introduced, the temperature being maintained 
at about 0° and the mixture contmually stirred. 
Stirring is contmued for some time after all the 
sulphur dichloride has been added and the 
anhydrido is subsequently distilled off, pre¬ 
ferably in vacuo. The equations representing 
this reaction for sulphur monochloride and 
dichloride respectively may be written: 
8CH 8 COONa+3S a Cl a 

=4(CH 8 C0) 8 0+6NaCl+Na 2 S0 4 +5S 
8CH a C00Na-f 3SCla 

=4(CH 3 00) a 0+6NaCl+Na <i S0 4 +2S 

Thus there is a loss of sulphur which is 
obviously minimised by employing a sulphur 
ohloride as rich as possible in chlorine. This 
waste of sulphur may be avoided altogether 
according to the process of the Akt. Ges. fur 
Anilinfab. (Ger. Pat. 273101 ; <T. Soc. Ghem. Ind. 
1914, 667) by passing chlorine gas into a mixture 
-of sodium acetate and sulphur chloride at a 
temperature not exceeding 20° 0., thus: 

8CH|COONa-fSCl 8 +2C1„ 

V^(CH 8 C0) 8 0+6^rfCl+Na 8 S0 4 

The above#is a vacant of Goldschmidt’s pro- 
oew (Eng. Pat. 25433, 1908), in whienthe whale 


of £he sulphur cl|loride is generated in situ by 
the action of 6 atoms of chlorine on 1 atom of 
sulphur at a low temperature in presence of 
8-9 mols. of sodium acetate. Thte sulphur may 
be replaced by a metallic compound containing 
sulphur, e.g. ferrous sulphide (1st addition to 
Fr. Pat. 408066), and, according to a later 
addition to the same patent (Dec. 29, 1910), 
the interne cooling is not necessary and the 
reaction may be conducted at temperatures 
up to 40°-60° G. A similar process is patented 
by do Jahn (Eng. Pat. 5039, 1910), in which 
several oxidisablo compounds of sulphur may 
be used, but it is obvious that theso must be 
anhydrous. # 

Oxycftlvi ides of Sulphur .—Thionyl chloride 
reacts with dry sodium acetate giving acetio 
anhydride and sulphur dioxide (G. Wyes, Bull. 
Soc. Jnd. Mul. 1902, 198). Denhain and Wood- 
house ((Jhem. Soc. Trans. 1913, 103, 1861) have 
also studied this reaction, which, however, is not 
of industrial interest. Sulphuryl chloride, on the 
other hand, either as such or in the nascent 
state, is of considerable importance, 'since it is 
easily prepared and can bo utilised to full 
advantage according to the equation 
4CH 3 COONa-f SOj,(Jl 2 - 

-2(GH 8 G0) a 0+2NaCl+Na a S0 4 

The Farbcnfab. vorm. F t Bayer und Go. 
(Eng. Pat. 21560, 1900) treat dry sodium acetate 
with a mixture of gaseous chlorine and sulphur 
dioxide at about 20° 0. in a closed vessel; to 
avoid chlorination it is important that the 
sulphur dioxide be always present in slight excess. 
According to Farbw. vorm. Meister. Lucius and 
Bruning (Ger. Pat. 210805, 1907), sulphur 
dioxide forms a solid addition product with 
sodium acetate, which is readily decomposed 
by chlorino with the production of acetyl 
chloride or acotic anhydride, according to the 
proportions of sodium acetate used; the 
reaction may bo controlled by mixing the solid 
addition compound with an anhydrous inorganic 
salt or with sand. The*Badische Go. prepare 
liquid sulphuryl chlondo by mixing tne two 
liquefied gases in a special vessel in presence 
of a catalyst such as camphor or glacial acetio 
acid (Eng. Pat. 2425^ 1902). Glacial acetic acid 
and acetic anhydrido, being excellent solvents 
for sulphur dioxide gas, are capable of acting as 
catalysers for its combination with chlorine 
gas, and the reaction proceeds quite smoothly 
without the formation of ehloroaeetie acids 
provided the temperature be kept within 
moderate limits and local excess of chlorine be 
avoided. f Thus in the process of the Akt. Ges. 
fflr Amlin fabr., according to Ger. Pat 226218, 
1909. sulphuryl chloride is pftpared by passing 
# mixture of sulphur dioxide and chlorine in 
equivalent proportions into acetio anhydride 
and separating tfie product by fractional dis¬ 
tillation ; the yield is nearly quantitative. It 
is, however, by no means necessary to isolate the 
sulphuryl chloride as such, and the same com¬ 
pany, according to Eng. Pat. 23924, 1910, 
employ acetio anhydride both as an absorbing 
agent for the' gases and as a diluting agent for 
the subsequent reaction with sodimn aoetate. 
For instance, 256 parts of sulphur aioxide and 
284 parts of chloriner by weight are absorbed 
in 100 of aoetio anhydride ana this solution it 
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mixed, while cooling, with 3l2 parts of sodium 
acetate; the mixture is stirred and when the 
reaction is complete, the anhydride is distilled off. 

The above summary of methods based on 
the use of chloro and oxychloro compounds of 
sulphur covers the majority of the industrial 
processes successfully practised at the present 
time. They may all be classed together in one 
group, in tliat they may be conceived) to yield 
acetyl chloride as an intermediate product, and 
their mechanism depends on the intervention 
of the chlorine ion. To another group belong 
processes based on the decomposition of sodium 
acetate with a strong mineral anhydride, such as 
suiphftrio anhydride. Before passing to this 
second group certain methods ol the first group 
must be mentioned, depending on the use of 
sulphuric anhydride in conjunction with chlorine 
as a possible intermediary. 

Chlorosulphonic acid S0 3 HC1 can react 
with sodium acetate to produce acetyl chloride 
or acetic anhydride, but only under disadvan¬ 
tageous conditions owing to the presence of the 
hydracid which liberates acetic acid. The 
Badische Co. (Eng. Pat. 24255, 1902) proposed 
to avoid this difficulty by the use of sodium 
chlorosUlphonato, obtained by the action of 
chlorosulphonic acid on sodium chloride: 150 
parts of sodium chlorosulphonate are heated 
with 170 parts of*sodium alctate at 70° C., and 
the anhydride produced is distilled off. The 
equation may be written 


NaS0 3 Cl+2CH,C00Na 

=- (CTf ,C0) 2 0 -f NaCl+Na 2 S0 4 

If half the quantity of sodium acetate be used* 
acetyl chloride is produced. A similar process 
in a simplified form has been devised by H. 
Dreyfus (Eng. Pat. 17920, 1915), who uses a 
compound formed by the direct absorption of 
sulphuric anhydride by sodium chloride. In 
these reactions, the sodium chloride most 
probably does not serve merely as a vehicle for 
the absorption of the sulphuric anhydride, but 
may be assumed to play a part in the reaction 
through the intermediate formation of pyro- 
sulphuryl chloride ClS0 a '0'SO 2 CI, thus : 


3NaS0 8 Cl=S 8 0 6 01 2 -fNa a S0 4 -fNa01 

S a O 0 CL+6CH 3 CO6Na 

=3(CH 8 C0) 2 0+2Na 2 S0 4 +2NaCl 


Pyrosulphuryl chloride is formed togethor with 
carbonyl chloride by the action of sulphuric 
anhydride on carbon tetrachloride. Both pro¬ 
ducts are capable of reacting with sodium acetate 
to produce acetio anhydride, and Beatty (Eng. 
Pat. 18823, 1912) has proposed to uftlise thl* 
reaction, but the process hardly appears suitable 
for commercial application. • • 

Methods of the second group depending on 
the direct action of inorganic anhydrides without 
the intervention of chlorine have been far less 
widely developed, because secondary reactions 
which destroy the acetic anhydride very readily 
occur. A method for the direct application of 
sulphuric anhydride was patented by the 
Fabriek van Chem. Prod, of Schiedam, Holland 
(Eng. Pats^l2130 and 12042, 1913), and further 
described by. Van Peski (Chem. Soc. Abst. 1914, 
i. 653), in which use is ^nade of an addition 
compound of glacial acetic acid with sulphuric 
anhydride and its reaotion with sodium a Otate. 


The |mcthod is attended by certain technical 
drawbacks, the operations nave to be carried 
out at a very low temperature, and it is impoteible 
to prepare acetio anhydride of high strength 
owipg to the use of acetic acid as a vehicle. 
According to a prooess patented by H. Dreyfus 
(Em*. Pat. 17920, 1915) sulpliurio anhydride is 
abfSrbed by sodium sulphate to form a solid 
addition compound which appears to be different 
from ordinary sodium pyrosulphate : 800 kilos * 
of sulphuric anhydride are added with constant ^ 
stirring to 1000 kilos of powdered anhydrous * 
sodium sulphate* and the product, when 
thoroughly cooled, ib added to 1640 kilos of 
sodium acetate suspended in 1600 kilos of 
acetic anhydride, the mixture being constantly 
stirred and cooled with water. The reaotion 
is completed by heating at 60°-70° 0. 

Tho above account sufficiently summarises 
the principal processes which are of industrial 
importance. There are several others of poten¬ 
tial interest and some only of academic import¬ 
ance. An excellent review of the subject is * 
contained in a paper by Hewitt and Lumsderi 
(J. Soc. Chem. Ind. 1916, 210). Among the 
proposed dehydrating agents of minor import¬ 
ance jnay be mentioned : Silicon tetrafiuoride, 
which may be regenerated by heating the residue 
with sand and sulphuric acid (Sommer, Fi.^Pat. 
354742, 1905); Nitric anhydride (Muller, 

Fr. Pat. 468903, 1914); p-Toluenesulphoohlo* 
ride, a by-product, of the manufacture of saccharin 
(von Heyden, Cer. Pat. 123052, 1901). 

Recent research lias been directed to the 
synthetic preparation of acetic anhydride from 
acetylene and acetaldehyde, for instance, accord¬ 
ing io Fr. Pats. ^0346 and 442738, by the action 
of chlorine or chlorous anhydride. At i interesting 
method is badbd on the hydration of acetylene 
to aldehyde in presence of a merouric salt at 
the expense of the dehydration of acetic acid 
(Boiteau, Fr. Pats. 474828 and 475853), with 
production of ethylidene diacetate, which yields 
acetic anhydride and acetaldehyde on distillation 
(Eng. Pfcts. 23190, 1914; 110906, 1917; and 
112765, 1917). • 

The chemical engineering of the manufacture 
of acetic anhydride presents no unusual problems. 
Ample cooling power must be provided to take 
up the considerable amount of heat produced 
during the mixing of the reagents. Powerful 
and effective stirring gear is necessary both 
in the mixing and the distilling plants to 
deal with the masses of semi-solia and finally 
solid materials which result^from the reaction. 
Access of moist air is the principal source of 
loss, since l part of water will destroy 5*7 parts 
of anhydride. 

Crude acetic anhydride is purified and freed 
from mineral acids and sulphur compounds by 
redistillation under reduced pressure in presence 
of sodium acetate and a metallic oxide, e.g. 
copper oxide, which yields an insoluble sulphid^. 
Commercially pure acetio anhydride contains 
80-95 p.c. of anhydride, the remainder being 
acetic acid. A rioher product for laboratory * 
purposes may be prepared by fractional dis¬ 
tillation. • * 

• Physical ‘Constants .—The properties of pure 
acetic anhydride have beer* studied by Orton 
a»8 Jones^fChem. Soc. Trites. 1912, ^01, 1720). 
The pure compound bog%at 139 5° 0. at 780 
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mm. pleasure, and has ap.gr. 1-0876 at IS 0 /! 0 0., 
and i *0820 at 20°/4° C. The commercial 
anhydride contacting a little acetic acid boils at 
abonb 138° C. The specific heat is 0-434, and 
the latent heat of vaporisation at 137° is ^8 1 
Cals, per kilo (Berthelot). The heat of hydra¬ 
tion per j^rm.-mol. to form 2 mols. of acetic acid 
(liquid) is 13 1 Cals. The refractive index f for 
the ray I) at 20° C. is 1-39038, and for the ray 
Hy iB 1-39927 (Landolt). 

Chemical Properties .—Acetic anhydride is not 
immediately hydrolysed on shaking with cold 
water, and at low temperatures anhydride and 
water or aqueous acetic ueid may remain in 
contact with each othei*for a considerable time. 
At 20° C. and over the hydrolysis proceeds 
rapidly, and the temperature rises very con¬ 
siderably. The hydration is accelerated by a 
traoe of sulphuric acid. According to Orton 
and Jones (I.c.), 100 grams of pure acetic anhy¬ 
dride dissolve about 2*7 grams of water at 15° Cl, 
% but the solvent power is considerably increased 
by the presence of small quantities of acetic 
acid. Lumifere and Barbier (Bl. 190G, 35, 625) 
have studied the stability of solutions of acetic 
anhydride in water and alcohol at 15° and 0° O. ; 
100 parts of cold water dissolve 12 of acetic 
anhydride on shaking. 

when mixed with concentrated sulphuric 
acid at 0° Cl acetic anli 3 *lride forms an addition 
compound,* acetylsulphuric arid, which is n 
viscous syrupy liquid ; if the temperature is 
allowed to rise this changes to the isomeric 
sulphoacetic acid HSOaCHg'COOfT, and brown 
condensation products are also formed (Stillich, 
Ber. 1905, 1241). With concentrated rytric acid 
at a low temperature, acetic anhydride gives a 
compound which is described as 

diaoetylorthonitric yid (Pic'et aifd (ienequand, 
Ber. 1902, 2520), and with nitric anhydride it 
gives acetyl nitrate C 2 H 3 0 2 N0 2 (Pictet and 
Khotinsky, Oompt. rend. 1907, 144. 210). These 
substances react generally with organic hydroxyl 
compounds as nitrating agents, more rarely as 
acetylating agents. Acetic anhydride dissolves 
boric anhydride slowly, boric and rapidly, on 
heating, giving a mixed boric acetic anhydride 
B(OOC*CH 3 ) 8 , m.p. 121° C. (Pictet and Ueleznoff, 
Ber. 1903, 2219). This substance may be used 
for the preparation of neutral boric esters by 
warming with alcohols and phenols. With 
absolute formic acid at a temperature not 
exceeding 50° C., acetic anhydride combines to 
ive formyl acetic anhydride which distils with 
ecomposition at«105°~120° C. This com¬ 
pound generally yields formic esters with 
alcohols and formvl derivatives with amines 
(Btehal, Bl. 1900, 24, 745; Eng. Pat. 12157, 
1899). 

Aoetic anhydride is employed for the manu¬ 
facture of cellulose acetate, acetylsalicylic acid 
(aspirin), and diaoetylmorphine (heroin), also in 
the dyestuffs and pharmaceutical industries; it 
is largely employed in the laboratory for the 
quantitative estimation of hydroxyl groups and 
for the preparation of aoetyl derivatives of 
bases. With aldehyde groups it reacts, forming, 
the diaeetate^of ortholaehydes •. 

B-CHO ->^-C(PH), -> R-CfOOC-CHj), * 

which are not very aftblfl. * •« 

Analyst *.— Ctmmmpfial aeefcto anhydride 


should be substantially free from sulphur and 
phosphorus compounds, chlorides and chloro- 
acetic acids. Copper from the distillation plant 
and higher hoinologues, such- as propionio and 
butyric acids, may be objectionable for phar¬ 
maceutical or analytical purposes ; these may 
be removed by "careful fractionation. The 
valuation of purified acetic anhydride is per¬ 
formed 1A simple titration of the total acidity 
as acetic acid and calculation of the excess of 
acidity in terms of acetic anhydride. About 
5 grams of the sample is accurately weighed in a 
small weighing tube which is then dropped into 
100 c.c. of JV/1-sodium hydroxide. When the 
anhydride has completely disappeared? the 
excess of alkali is titrated back with NJ 10-acid 
in presence of phenolphthalein. If p is the 
weight of sample taken, and q its acidity as 
acetic acid, the weight of anhydride present is 
5-6641 (q—p). The success "of this method 
depends entirely on the accuracy of the measuring 
vessels and the standardisation of the solutions. 
An error of 0-1 c.c. of iV/1-soda involves an error 
of 0-7 p.c. in the anhydride result, and the 
greatest care must be exercised in the calibration 
of the burettes ; it is necessary also to apply a 
correction for the change in volume of f-hejiormal 
solution at temperatures different from that at 
which it was standardised. f The method of 
Mensehutkin and Vatilieff is based on the forma¬ 
tion of acetanilide from aniline at a moderate 
temperature; it does not give satisfactory 
results in its original form. For a rburnt of 
the various methods and an improved modifica¬ 
tion of the aniline method, see Itadeliffe and 
Modofski, J. Soc. Chem. Ind. 1917, 628. 
There is no Rim pie and accurate method for the 
estimation of higher horaologues in presence of 
large proportions of acetic acid; besides the 
standard analytical text-books, the following 
references may be consulted: Muspratt, J. 
Soc. Chem. Ind. 1900, 204; Langheld and 
Zeileis, Ber. 1913, 1171 ; Crowell, J. Amer. 
Chem. Soc. 1918, 413. 

J. E. B. 

ACETINS. The acetins are the acetyl deriva¬ 
tives of glycerol, or glycerol acetates. Five of 
these are theoretically possible, two mono-, two 
di-, and one tri- derivative, according to the 
number and position of the hydroxyl groups 
attacked by the acetic acid. Only three of 
these compounds have been prepared so far, 
one in each class, and the positions which the 
acetyl groups take up in the mono- and di- deri¬ 
vatives does not appear to be experimentally 
proved, though they are probably terminal, 
frommercftal acetin is a mixture of all three 
compounds with other produ#ts. 

• The following method for the preparation of 
mono-, di-, and tri-acetin has been described by 
A. C. Geitel (J. pn Chem. 1897, [11] 65, 417): — 

200 grams of dry glycerol are heated with 
500 grams of glacial aoetic acid for 8 hours, and 
the acetic acid and water distilled off under re¬ 
duced pressure. A further quantity of 150 grams 
acid is then added, and the beating cont inued for 
16 hours. Triacetin is isolated from the product 
by diluting with water and extracting witn ether, 
and is a colourless liquid, dissolvings water to 
the extent of about 7 p.c. at 15°. It has a sp.gr. 
1*1605 at 15° and distils without decomposition 
at 17t Q -172*50/40 mm. Diaceiin is obtained from 



the remaining eolation by fractionating (after 
concentration) tinder a pressure of 40 mm., when 
it comes over between 175 # -176°. It is a soluble 
odourless liquid with sp.gr. 1*1769 at 16°. In 
order to isolate the monoacetin formed in the 
reaotion the aqueous solution after removal of 
the triacetin is extracted for 8 hours with ether 
at 34°-35° in an extracting apparatus for liquids; 
the lator extracts are collected separately diluted 
with an equal volume of water, and, after being 
extracted with hot benzene, are concentrated. 
The monaoetin thus formed is a thick syrup of 
sp.gr. 1*2212 at 15°. By prolonging the ether 
extraction still further monacetyldiglycerol 
C 8 H 6 ((TH) a *0*C3H 6 (OAc)*OH may be obtained ; 
it is a oolourless liquid of sp.gr. 1*2323 at 15°. 
Diacetyldiglycide may also be separated from 
the monacetin by fractionation, and Iriacetyl- 
diglycerol is also formed. 

Commercial Acetin (‘ Aceline *) is prepared by 
heating in an oil-bath a mixture of 60 parts of 
glyoerol and 82 parts of glacial acetic acid for 
12—16 hours at 120°, and gradually raising the 
temperature to 160° to expel the excess of acetic 
acid. The product is a thick liquid smelling of 
aoetic acid and varying in colour from light 
yellow to dtrlc brown, according to the purity 
of the glyoerol used. 

'J he value of tjjp product depends upon the 
extent to which combination has taken place, 
and this is determined by observing the epccifio 
gravity and estimating the freo and combined 
acetic aoid* The density varies between 1*1608 
and 1*1896, being lowest when the free acetic 
acid is present in largest amount. The free 
and combined acetic acid are determined as 
follows : £0 grams of ‘ acetin ’ arc diluted with 
water to 500 c.c. The free acid in 60 c.c. of this 
solution is determined by titration with normal 
caustic soda, using phcnolphthaleln as indicator. 
15 c.c. of normal caustic soda are added to 10 c.c. 
of the acetin solution, and the combined acetic 
acid liberated by hydrolysis by boiling for five 
minutes. The excess of caustic soda remaining 
is a measure of the total acid present; and the 
amount of combinod acid is found by subtract* 
ing from the amount of caustic soda used up in 
the hydrolysis the quantity accounted for by 
the free acid. The following table (Kopp and 
Crandmougin, Bull. Soc. Ind. Mulhouse, 1894, 
112) shows the results of typical analyses^— 


No. 

DenBtty 

Add 

free 

Add 

combined 

Remarks 

*» 



p.o. 

p.c. 

- 

1 

1-1774 

9? 

460 

A medium eyial 
ity sample 

2 

1-1806 

6-98 

66-7 

A good sample 

3 

1-1608 

230 

43-6 

'Poor sample. 


Aoetin is used as a solvent for basic colouring 
matters, such as Induline and Perkin’s violet. 
They are dissolved by being heated together for 
about two hours, cooling, and filtering through 
a silk filter. Aoetin is to be preferred to ethyl 
and methyl fartario acids as a solvent, as acetic 
acid is less injurious to thf fibres than tartaric 
aoid. 

Halogen derivatives of the Ace tins. * 
« 7 'dlbromo*jS-^eetylglyeerol (CH g Bt)*CH>OAo 


| is obtained by the prolonged action of hy- 
I drogen bromide on triacetin, or by heating the 
mixture to 100* in sealed tubes; it boue^at 
130°-135° (40 mm.) and has sp.gr. 1*6880 at TO*. 
It h$3 an agreeable aromatic odour, is slightly 
soluble in water, and readily soluble in alcohol 
and *ether. It yields isopropyl alcohol on re* 
duction. 0 . 

a-bromo-j3*y-diac(tfylglycerol CH f Br*CH(OAo). 
CHj'OAc is produced by the prolonged action of 
hydrogen bromide dissolved in acetio acid on 
triacetin at 0° in the dark. It boils at 150°-155° 
(40 mm.), and has s^.gr. 1*2905 at 15°. It yields 
isopropvlene glycol omreduction. 

a7-d1ehloro-3-acetylgljWol (CH 2 Cl) 2 CH*OAc 
prepared similarly to the bromine compound, 
boils at 115°-120° (40 mm.), and has sp.gr. 
1*1618 at 15°. 

a-chloro-fly-diacetylglycerol CH 2 C1 *CH(OAc) 
CIIj'OAc boils at 145°-150° (40 mm.), and has 
sp.gr. 1*1307 at 15°. 

a/B-dlchloromonoacetln CH 2 Cl*CHCl*CH t *OAc 
is prepared by tho action of acetic anhydride 
on chlorinated allyl alcohol, and has sp.gr. 
1-1077 at 15°, but in all other respeots is identical 
with the ay-diehloro- compound. 

a-lododiacetln CH a I*CH(OAo)*CH g *OAo is 
obtained by the action of sodium iodide on the 
corresponding chloro- compound. It is an Tin- 
stable oil having a sp.gr*) 1.4584 at 15°. 

J. A. P 

ACETNAPHTHALIDE DISULPHONIC ACID 

v . Naphthalene. 

ACETOACETIC ACID CH g CO*CH a *OO a H is 
a thick afiid liquid miscible with water in all 
proportions. It is prepared from its ethyl ester 
by leaving 4£ parts of ester in contact with*2*l 
parts of potasu and 80 parjs of water for 24 
hours and acidifying with sulphuric acid. It is 
extracted from the solution with ether. 

It is very unstable and readily decomposes 
below 100° into acetone and carbon dioxide. It 
yields a violet colouration with ferric chloride 
and forms ill-characterised amorphous salts, 
BaA a ,2H a O and (5uA 2 ,2H a O, when treated with 
the corresponding carbonate. 

Acetoacetio acid appears in the urine of 
diabetic patients, and indicates defective oxida¬ 
tion. Its detection and estimation have been 
the subject of much controversy and investiga¬ 
tion. Arnold (Chem. Zentr. 1899, ii. 146) makes 
use of a colour reaction with acetophenone, whioh 
will show 1 part in 10,000, but is affected to 
some extent by the presence of^acetone. Riegler 
(Chem. Soc. Abstr. 1903, ii. 112) employs the 
colour produced by the addition of sulphuric 
and iodic acids, which he states to be unaffected 
> by the presence of sugars, leucine, tyrosine, or 
acetone. Bondi (Chem. Zentr. 1906, i 707) 
recommends the use of a solution of iodine and 
the detection of acetoacetio aoid by the cha¬ 
racteristic Bmell of the iodacetone produoed; 
but Lindemann (ibid. 717) says that this smell 
is not characteristic of acetoacetio acid. Mayer 
adds the urine to a very dilute solution of feme 
chloride in brinp, when, in the presence of 
aefetoaoetio aora, a claret-red rin^is formed. 
When the red colour is only jua> visible, the 
liquid may he assumed to cptitain 0*^1 p.c. of 
theulcid. a blank test performed after boiling 
the aoid for fiveM minutes afatuld <fcive no colour 
(Chem. Zentr. 1906, i. 406). 0 
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Messinger'i process as modified by H^ppert 
(Analyse des Earns, 1898) estimates the total 
amount of acetohe and acetoacetic acid present 
wiffi fair accuracy, and the aoctone may be 
est^inted separately with considerable exacti¬ 
tude by the method of Folin (J. Biol. Chem. 
1907, 3, 177), in which it is aspirated out o£ the 
liquid into iodine and potash? and the resulting 
iodoform weighed. , 

Methyl acetoacetate CH 3 -C0*CH,-C0 2 Me is 
prepared by heating together methyl acetate and 
sodium under a reflux condenser and subse¬ 
quently distilling in a strewn* of carbon dioxide. 
It is acolourless liquid, easily miscible with water, I 
which boils at 169°-17ft°and has a sp.gr. 1-0917 
at 4° ; 1-0809 at 15° ; and 1-0724 at 2f,°. It is 
decomposed on boiling with water into carbon 
dioxide, acetone, and methyl alccfool. With 
ferric ohloride it yields a deep red colouration. 

Ethyl acdoaceinle (acdoardir e.stn ) OH a -CO* 
CHj-0O 8 Et and (!H 3 -(,'(OH) : (ll-C0 2 Et, was 
discovered byGeuther in 1863, and independently 
by Frankland and Duppa in 1865. It is a 
colourless, slightly syrupy liquid, with a pleasant 
odour. It boils at 180-6 o -181-2°/754 mm 
(Briihl); 180M 80-37754-5 mm. (Sclnff); 
71°/12*5 mm. and 100-2 o /80*mm. (Kahlbaum). 

It has a specific gravity 1 -0465 0°/4° (Schiff); 

1 •OzSS 20°/4° (Schaum). The density gradually 
changes on keeping (v. itifra). 

Ethyl acetoacetate is prepared by the action 
of sodium on ethyl acetate. The following 
details of the method are given by Conrad 


Applications in Synthesis.—By meant c 
ethyl acetoaoetate fatty acids, ketones, and man 
ring compounds may be prepaid. 

^atty acids may be obtained by dissolvin, 
sodium (I atom) in absolute alcohol, addin, 
ethyl acetoacetate (1 mol.) followed by ai 
alkyl halogen compound (I mol.). The resulting 
alkyl derivative is treated with strong alkalis 
when tlAj molecule is hydrolysed with formatioi 
of acetic acid and the desired alkyl acetic acid. 

CH 3 -C0-CH 2 -C0 2 H CH a -C(0Na): CH-CO.E 
-> CH,-CO-CHR-CO a Eb CH 3 -C0 2 H 

+ RCH a *CO a H 

If the hydrolysis is brought about by diluti 
acids instead of concentrated alkalis, the 
molecule is differently divided, producing 
ketones. 

CH 3 -CO -CH R -CO 2 Et 

ch 3 co-ch 2 r + Eton + co 2 . 

Bialkyl acetic acids and ketones may be pro¬ 
duced by introducing a second alkyl radicle into 
the molecule by a similar process after the first 
has entered, but the two cannot be introduced 
together in one operation. 

Pyrazolones , of which the mos$ important 
industrially is antipyrme, are produced by the 
condensation of ethyl acetoacetate with hydra¬ 
zines. Antipyrin (I -phenyl 2: W-dimcthyl-b-pyra- 
zolone) is prepared from symmetrical methyl 
phenvlbydrazine and ethyl acetoacetate ( v . also 


, MeNH 


,CH 
HO OMe 
PhN-CO 


/ 

CMi 


CH + F.tOH + H,0- 


iu arc uivcn uy ' 1 . 

(Annaien, 186, 214): 100 grams of sodium are and Antipyrinr). 

added to 1000 grams of pure ethyl acetate, and j FniSH. OEt-CO 

after the reaction has moderated considerably, i_ + 

the whole is heated on a w^jter-bath under a 
reflex conctenser for 2-2$ hours until all the 
sodium has disapjjpared. To the warm mass 
550 grams of 50 p.c. acetic acid are added, and 
after cooling 500 c.c. of water. The whole is 

well shaken, and the upper layer separated, , MeN OMo 

washed with a little water, and fractionated. | Quinolines may be prepared by first making 
The fractions 100°-130°, 130°-165°, 165°-175°, i the anilide of ethyl acetoacetate by heating 
175°-185°, 185°-200° are collected separately with aniline .at 110°, and afterwards heating 
and refractionated twice. The yield is 175 this product with concentrated hydrochloric 
grams of product boiling at 175°-185°, and from acid. CH 3 -CO-CH 2 -CO-NHPh changes into 
the fraction boiling below 100°, 350-400 grams ('H 3 *C(OH) :CH*C(0H): NPh, and readily con- 
of ethyl aoetafe may be recovered after removing denses to 1 hydroxyA-methylquinoline 
the alcohol by salting out. Details of a method I N N 

of .preparation on tlie large scale are given by * /\ / /\ /\/\COH 


Cobenzl in Chera. Zeit. 1914, 38, 065. 

Ethyl acetoacetate is neutral to litmus, but 
forms salts with Bodium, copper, and other 
metals by replacement of hydrogen. Only one 
atom of hydrogen can be replaced by sodium, 
but if the sodium in the resulting compound is 
replaced by an alkyl radicle a second hydrogen 
atom may then be replaced. Ferric phlonde pro¬ 
duces a violet colouration. With sodium bisul¬ 
phite a crystalline addition product C # ff, 0 O 8 , 
NaHSO* informed. On heating for a long time, 
or leading the vapour through a hot tube, acetone, 
alcohol, dehjdraeetic acid, and methane are 
formed. Sodium amalgam reduces it to 0-hydroxy 
butyric aoid CH 3 ‘CH(0H)-CH 2 -C0 2 H. It con¬ 
denses with hydroxylamine, but does not foriy 
an oxime, a^ internal condensation takes place, 
resulting in* the production of methyl iso- 
oxazolone J!Jp t -C*Cfi|*(X) whioh is ^inverted by 

alkalis into saiX # of^^ximinobulyrio acid. 


COH 


CSX 

OMe 


OH 

. / 

. HOCMe 

| • 

Pyridines (v. also Bose oil) are obtained by 
condensing ethyl aoetoaceOhte with aldehyde 
'ammonias. Ethyl dihydrocollidine dioarboxyl- 
ate is the simplest example: 

CO.Et-OH ^OCHMe HCCO.Et 

+ hIjH + 


CHjO-OH 


H0( 


•CH. 

CHMe 


CO.Et- A *COjEt 

oh,«I lea,' 


Tyrones .—Dehydracetio acid, a-mCthyl 0- 
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acefcylpyrone, is produced on heating ethyl 
aoetoacetate for a considerable time. 

ConttibUion.—The constitution of ethyl aceto- 
acetate and its sodium derivatives was for many 
years a subject of disousaion by Frankland and 
i)uppa, Geuthcr, CiRisen, Eaar, Wislioenus, 
Briihl, Perkin, and others. The general opinion 
is that ethyl acetoacetate consists of a mixture 
o'f the two forms, ketonic CH\,-CO-CH,<X),Et, 
and enolio CH a -C(OH): CH-CO ,Et. The freshly 
prepared substance is practically a pure ketono, 
but on keeping it changes partially into the 
enolio form, and when equilibrium is reached 
about 10 p.c. of the latter is present at ordinary’ 
temperatures. The rate of change has been 
studied by observing the change of viscosity. 
See Dunstan and Mussel, Chem, Soe. Trans. 
19U, 99, 500. The sodium compound is a 
derivative of the enolio form. 

Alkyl derivatives of ethyl acetoacetate. 

1. Mono-substituted alkyl derivatives. 

Ethyl mei/ii/iurrfoacrWeClij'CO-CHMe'COjEt 
boils at ISO'S 0 , and has sp.gr. 1-009 at O'. 
Prepared from methyl iodide and sodium 
acetoacetate (Geuthcr, 'j. 1865, 303). 

Ethyl ethylacdoacetale CH a -(;()-OriEl-CO a Et 
boils at 195°-1 > 9G 0 , and has sp.gr. 0 9834 at 1G“. it 
is readily decomposed by barvta or alcoholic pot- 
ash into alcohol, carbon dioxide and methyl propyl 
ketone ; and by dry «idium otboxido into acetic 
and butyrio esters (Miller, Annalen. 200, 281; 
Wedel,Annalen,210,100; Frankland and iinppa, 
Annalen, 138,215; Wisiicenus,Annaion, 186,187). 

Ethyl propylacetoacetale CH,'CO'CHP r “CO.Et 
boils at 208°-209°, and has sp.gr. O.pgf a 
O'/d*- It is prepared by adding to a solution 
of 27 grams of sodium in 270 grams absolute 
alcohol, 152'7 grams ethyl acotoacetate, followed 
gradually by 206 grams propyl iodide. 


8S 


Ethyl isopropylacetoacelate CHj-CO-CHPrfl • 
o0 3 L'.t boils at 201 "7758-4 mm., and has sp.gr, 
:)-9805 at 0°. 1 6 

Ethyl isobutylacetoacetute CH,-CO-CH(CH,- 
CHMcjJ COjEt boils at 217°-218°, and has sp.gr 
0-951 at 17-5" (Rohn, Annalen, 190, 306 ; Minter 
Ber. 1874, 501). 

Ethyl isoamylacetoacetate CH.-COCHfCH. 
CH a -CHMej)CO,Et boils at 227°-228° (Peters, 
Ber. 1887, 3322). 

Ethyl amylacetoacelate CH,-COCH(C,H„) 
CO.Et boils at 242°-244° (Ponzio and Fraud) 
Gazz. chem. ital. 28, ii. 280). 

Ethyl heptylacdoacetak boils at 271°-273° and 
has sp.gr. 0-9324 at 17'7°. 

Ethyl octytacetometate boils at 280°-382°, and 
has sp.gr. 0-9354 at 18°-5/17-5°. 

2. Di-substituted alkyl derivatives. 

.Ethyl dimethyla&toacetate ClI a -C0-CMe.- 
JO, i.t boils at 184°, and has sp.gr. 0'9913 at 16*. 

■Ethyl rnethylethylacetoacetate CH,-CO-CMeEt 
,0,Et boils at 198°, and has *sp.gr. 0-947 
it 22°/17°-5. F 6 

nethylpropylacetoacetate CH a -CO-CMe 
tWOjEt boils at 214°, and has sp.gr. 0-9575 at 

Ethyl didhylacetoacetate CH. CO'CEt.-CO.Et 
ions at 218°, and has sp.gr. 0-9738 at 20°. 

H> ^** 236_, and has sp.gr. 0-9585 at 0°/4°. 

Ethyl diisobutylacetoacetate toils at 250°-253° 
rod has sp.gr. 0-947 at 10°. ’ 

VoL. I.— T. 


Ethyl diheptylacetmceta'e boil* at 332°, Mtd 
has sp.gr. 0-891 at 17-5°/17-5°. 

Ethyl dioctylacetoacetate boils it 264° /90 
l 340°-342°/760 mm. . W’ 

AGpTOFORM. Trade name for a combus¬ 
tion of hexamethylenetetramine and aluminium 
acetojsitrate. 

ACETOL ( methfl-ketol , acetyl carbtnol, or 
propanolon) CH/'oey/JH is tho simplest ketone 
alcohol. It is obtained by saponification of the 
acetyl carbinol acetate or formate produced 
on condensing ohloro-acetone with potassium 
acetate or formate (Henry, Ber. 1872, 5, 966; 
W. H. Perkm, Trans. (Them. 8oc. 1891, 69, 786; 
Ncf, Annalen, 1904, 335, 2ft). For the purpose 
of saponification in this case boiling with methyl 
alcohol containing 1-2 p.c. hydrochloric acid is 
employed. >t is also formed in the biochemical 
oxidation of propyleno glycol by means of the 
sorbose bacterium or by mycodemia aceti, in the 
pyrochemical decomposition of glyoerol (Nef, 
l.r.), and by heating a-bromopropionio aldehyde 
with a methyl alcoholic solution of potassium or 
sodium formate for 10-15 hours (Nef, ibid. 265). 
In this latter preparation the metal halide is 
filtered off and the acetol fractionated twioe 
under diminished pressure, when it is obtained 
perfectly pure. 

Acetol boils at 54° (IS mm.), and witff 
slight decomposition at 14J° under atmospherio 
pressure, it possesses a faint, oharaoteristio 
smell, and is miscible with water. It readily 
forms more complex condensation produots, 
especially in tho presence of traces of halogen 
compounds; hut this may be avoided by diluting 
it with its otto volume of methyl aloohol. When 
passed through a .tube heated to 450° it 
decomposes into acetaldehyde and tuelalomf- 
aldehyde, togethA with a siqall quantity of 
their decomposition products, namely, croton- 
aldohyde, carbon monoxide, hydrogen, &o. 

On oxidation with merourio oxide, silver 
oxide, or chromic acid in the presence of sul- 
plmrio acid it yields formic and acetic acids; 
but with oopper oxide in alkaline solntion it 
yields laciio acid ; , 

OH s OOCHjOH -> CHjCO-CHO 

+ H«0 

“> CH.-CHOH-COOH 
On reduction with sodium amalgam in aqueous 
solution, acetone, isopropyl alcohol, and pro¬ 
pylene glycol are produoed; a reaotion which 
suggests that in aqueous solution aoetol has 
changed into the tautomerio foray 

CH a —C—CH, 


Hf/V 

* The behavjtur of aoetol and its esters to the 
Grignard reagent shows that they exist in the 
carbonyl form, for with magnesium ethyl iodide, 

amylene glycol c H h\> C <CH,OH “ obtained, 
which could not be the case with the ethylene 
oxide type of structure. In contact with solid 
caustic alkali, aoetol is converted into dark red 
tan-y .matters, wjfji simultaneous development 
of great heat. # 

Aletol-oxime is* obtained by the'oxidation 
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(Pilot* and Raff, Ber. 1897, 30, 1660,, 3161). 
It crystallises in prisms, melts at 71° C., and 
is eaaily soluble'ir^water. 

^Acetol smicarbazone 
^ CH 8 -C(: N-NH-CONH 8 )-CH 8 OH $ 

serves as the best means of identifying acetol. 
It melts at 196°-200° 0., is'Jvery stable, and is 
only very slightly soluble in ether, benzene, and 
chloroform. The phenylhydrazone melts at 
106° 0.; the osazone at 153°-154° C. 

The name * Acetol ’ is also given to a pro 
duot obtained as an ester of salicylic acid by 
condensing sodium salicylate with monochlor- 
acetone 0H*C e H 4 -(J80-CH a 'C0-CH 8 . Forms 
needles from solution in alcohol, m.p. 71°; 
sparingly soluble in warm water (Fritsch, E. P. 
3901, 1893 ; J. Soc. Chem. Ind. 1894, 274). 

ACETOMETER. A hydrometer graduated 
to indicate the strength of commercial acetic 
acid according to its density. 

ACETOMORPHINE. Syn. for diacetylmor- 
phine. Used to check spasmodic coughing, and 
m lowering reflex irritability, v. Opium and 
Opium Alkaloids. 

ACETONE C a H fi O or CH 8 -COCH 3 . Dimethyl 
ketone. A product of the destructive distillation 
of acetates ; obtained by Liebig from lead acetate 
flinnalen, 1, 226) and further examined by 
Dumas (Ann. Chim., Phys. [2] 49, 208), who 
first determined its composition. Acetone is 
also produced in the dry distillation of wood 
(Volckel, Annalen, 80, 310; J. Soc. Chem. Ind. 
16, 6G7, 722 ; 27, 798); of citric acid (Robiquet, 
B. J. 18, 602); of sugar, starch, and gums with 
lime (Fri6my, Annalen, 15, 279; J. Soc. Chem. 
Tnd. 21, 641, 1096). Large cjuantitigs of acetone 
aie now (produced by the destructive distillation 
of the giant kelp of the P^cilio Coast; the 
quantity of cut 1 ' kelp averaged above 24,000 
tons a month in 1917. By oxidation of proteid 
substances with iron salts (Blumenthal and 
Neuberg, Chem. Zentr. 1901, i. 788 ; Ingler, 
Beitr. Chem. Phys. Path. 1902, i. 683), and by 
heating citric acid with potassium permanganate 
(Pean de St. Gilles, J. 1858, 685; Sabbatani, 
Atti Acad Sci. Torino, 1900, 35, 678); and by 
the oxidation of isovaleric acid (Crossley and 
Le Sueur, Chem. Soc. Trans. 1899,165). Acetone 
is also produced by the Fernbach process, in 
which starch from maize or other grain is 
fermented by a special ferment which resolves 
the carbohydrate into a mixture of butyl 
alcohol and acetone. 

Preparation, —1. Acetone can be obtained 
by distilling a mixturo of 1 part of caustic lime 
and 2 parts of crystallised lead acetate (Zeise, 
Annalen, 33, 32); but is usually prepared by 
the dry distillation of barium acetate at a 
moderate heat. Calcium acetate can also bo 
employed, but the temperature required is 
greater, and the product is contaminated with 
impurities, such as duinasin, an isoraeride of 
mesityl oxide ; but according to Becker (J. Soc. 
Chem. Ind. 26, 279) a lower temperature is 
required if the calcium salts are made quite 
neutral and the formation of free lime is pre¬ 
vented by the introduction Qf,,a stream of dry 
carbon dioxide. Bamberger (Ber. 1910, 43, 
3517) oonsxders that the lorfnation of acfetone 
consist? first in the formation of £me and acetic 
anhydride, apd that the latter is decomposed 


into acetone and carbon dioxide. It has beei 
shown (Freudenheim, J. Physical Chem. 1918 
22, 184) that when acetone is heated with lim 
at temperatures ranging up to- 630°, a specie 
of * cracking ’ occurs, which results in the forma 
tion of methane, ethylene, hydrogen, carboi 
monoxide, and carbon dioxide. As the tern 
perature is raised to the upper limit mentioned 
the amount of methane increases rapidly, whils 
that of hydrogen is diminished. The explanatioi 

E ut forward is that acetone undergeos (a) i 
igh temperature dissociation; and (6) con 
version into keten, which thereafter decom 
poses: 

ch 3 coch 3 CH 4 +CO+C-| H a 

CH 8 CO CH 3 -> CH 4 -f CH a : CO 
2CH 2 : CO 2CO+C 2 H 4 

Magnesium or strontium acetates can als( 
be usod. Industrially, acetone can be pre 
pared by passing the vanour of acetic acid ink 
air-tight vessels heated to 500°, containing 
some porous substances saturated with lime oi 
baryta (J. Soc. Chem. -Jnd. 18, 128, 824 
Bauschlicker, I). It. P. 81914); also by passing 
a continuous current of pyroligneous acid ovei 
a heated acetate capable of forming acetont 
(J. Soc. Chem. Ind. 25, 634; 2v, 1002 ; 27, 
277). An improved method is also described 
by Wenghbffer (fi. R. P 144328; compare 
also J. Soc. Chem. Ind. 14, 987 ; 20, 1130; 22, 
297). 

According to Squibb (J. Soc. Chem. Ind, 
1896, 231; J. Amer. Chem. Soc.), pure acetone 
for use in the preparation of smokeless powders 
can be obtained oy subjecting acetates mixed 
with an excess of calcium hydroxide to destruc¬ 
tive distillation and to the action of superheated 
steam. 

2. From wood-spirit acetone can be separated 
by distilling over calcium chloride. The product 
obtained by these methods can readily be purified 
by converting the acetone into its crystalline 
compound with acid sodium (or potassium) 
sulphite, crystallising this, and subsequently 
distilling with aqueous sodium carbonate; the 
distillate is then treated' with concentrated 
calcium chloride solution and the ethereal layer 
rectified over sc#d chloride. According to 
Conroy (J. Soc. Chem. Ind. 19, 206), it should be 
urified by distillation over sulphuric acid (Dott, 
. Soc. Chem. Ind. 27, 272), whilst Araoult 
(ibid. 27, 679) recommends treatment with 
oxidising agents. 

According to Shipsey and Werner (Chem. 
Soc. Trtns. 1913, 103, 1255), sodium iodide 
forms a crystalline compound with acetone 
NaI,3C 8 H 8 0, which easily gives off all the 
acetone on gentle warming. The formation of 
this compound can bo used for the preparation 
of pure acetone from the commercial material. 
It may be ' readily prepared by dissolving 
anhydrous sodium iodiae to the pomt of satura¬ 
tion in the hot acetone, and allowing the solution 
to cool to the ordinary temperature; if the 
liquid is cooled to about —8° by means of ice 
and salt, the yield of crystals is largely increased. 

Acetone has been prepared synthetically from 
zino methyl and aoetyl chloride (Freund, 
Annalen, 118,11). It ocours in the urine, blood, 
and brain of calcium diabetic patients. 

Properties. —Acetone is a limpid, mobile 
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liquid, having an i 
mint-like taste. 


reeable odour and a pepper- j 

_ Tfc is very inflammable and 1 

bums with a white smokeless flame, b.p. 56‘3° 
(Regnault); spfgr. 0*8144 at 0°, 0*79945 at 13*9° 
(Kopp, Annalen, 64, 214); b.p. 66*l°-56*2 0 
(eorr.), and sp.gr. 0*8137 at 0°/4° (Shipsey and 
Werner) ; 66*22° (corr.) and sp.gr. 0*81858 
0°/4° (Thorpe and Rodger); sp.gr. 0*81378 at 
0°/4°, 0*79705 at 15°^°, 0*77986 a# 30°/4° 
(Saposohnikoff, J. Russ. Phys. Chem. Soc. 28, 
229); m.p. —94*9° (Ladenburg and Kriigel, 
Ber. 32, 1821 ; Formenti, L’Orosi, 1900, 23, 
223). Acetone is miscible in all proportions 
with water, alcohol; ether, and many ethereal 
salts; «t can be separated from its aqueous 
solution by the addition of calcium chloride, 
and dissolves many fats and resins. It is 
also an excellent solvent for acetylene and 
tannins (Trimble and Peacock, Pliarm. J. 
63, 317). Acetone is used in perfumery and 
pharmacy; in the manufacture of smokeless 
powders; of cordite and of celluloid articles 
(Marshal, J. Soc. Chem. Ind. 23, 24, 646), also in 
the preparation of iodoform (Teeplo, J. Amor. 
Chem. Soc. 26, 170; Abbott, J. Phys. Chem. 7, 
83); of ohloroform (Squibb, J. Amer. Chem. Soc. 
1896, 231; Orndorff and Jessel, Amer. Chem. J. 
10, 363; Doit, l.c. 271); and in tho presence 
of sodium sulphite it can be used as a good 
substitute for alkali^n photographic developers 
(Lumtere and Segowetz, Bull. Soc. cliim. 15, [3] 
1164; Mon. Sci. 1903, 257, 568; Eichcngriin, 
Zeitsch. angew. Chem. 1902, 1114). When its 
vapour is passed through a red-hot copper tube, 
a very Bmall proportion of tarry products con¬ 
taining naphthalene is obtained together with 
a large volume of gas having tho composition: 
carbon monoxide, 39*23 p.c.; methane, 37*58 p.c.; 
hydrogen, 17*54 p.c.; and ethylene, 5*65 p.c. {Bar- 
bier and Roux, Compt. rend. 102, 1559). De¬ 
hydrating agents readily act on acetono and 
convert it into condensation products; thus, 
caustic lime oonverts acetone into mesityl oxide 
C,ff 10 O and phorone C„ir i4 0 when the action is 
allowed to continue for a week (Fitfcig, Annalen, 

110, 32), and, together with smaller proportions 
of other products, these two compounds are 
also formed when it is saturated with hydrogen 
chloride and allowed to stand for 8 to 14 
days (Baeyer, Annalen, 140, 297): with zinc 
chloride terpene condensation products are 
formed (Raikow, Ber. 30,905). Distillation with 
concentrated sulphurio aoid converts acetone 
into mesitylene, mesityl oxide, phorone and 
t’sodurene and other substances (Orndorff and 
Young, Amer. Chem. J. 15, 249). A similar 
result is obtained when it is heated with boron 
fluoride. The aetion of nitrio acid and nitrio 
oxide on acetone ha£ been studied by Newbury 
and Orndoff (Amer. Chem. J. 12, 617), Behrend 
and Schmitz (Annalen, 277, 310), Behrend and 
Tryller (Annalen, 283,209), Apetz tnd Hell (Ber. 
27, 933), Traube (Annalen, 300, 81), McIntosh 
(Amer. Chem. Soo. 27, 1013); of hydrogen per¬ 
oxide by Baeyer and Villiger (Ber. 32, 3025 ; 33, 
174, 858), Pastureau (Compt. rend. 140, 1591), 
Wolffenstein (Bet. 28, 2265); of thionyl chloride 
by.Both and Michaels (Ber. 27, 2640); and of 
hypophosphorc^ta aoid by Marie (Compt. rend. 

Sodium in the presence t>f water reduoes 
acetone fco taopropyl alcohol and pinacone (Fittig, 


Annakn, 110, 25; 114, 54; Stadeler, Annalen, 
111, 277; Friedel, Annalen, 124, 329), but when 
the materials are quite dry and air is excluded, 
sodium aoeton&te is formed ("Freer, Amer. CJftm. 
J. 1^ 355; 13, 308; 15, 682; Taylor, Cl^m. 
Soo.TTrans. 1906, 1258; Baoon and Freer, 
Philk>pine J. Sci. 1907, 2, 67). Red-hot 
magnesium aots dfc acetone, yielding hydrogen 
and allylene, whilst .magnesium amalgam forma 
magnesium acetonate whioh is rapidly decom¬ 
posed by water, yielding pinacone hydrate 
(Keiser, Amer. Chem. J. 18, 328; Conturier 
and Meunier, Comjjfc. rend. 140, 721). Anhy¬ 
drous acetone, in presence of metallic calcium, 
is slowlytoonvorteci at th#ordinary temperature _ 
into mesityl oxide (Raikow, Chem. Zeit. 1913,* 
37, 1455). Chlorine, bromine, and iodine in 
the presenao of alkalis convert acetone into 
ohloroform, bromoform, and iodoform respec¬ 
tively. 

Readiovs .—When quite pure acetone should 
remain perfectly colourless on exposure to light, 
and should not be attacked by potassium 
permanganate in the cold j in the presenoe ol 
alkali, however, and on wanning, earbonio and 
oxalio acids are formed (Coohenhausen, J. pr. 
Chem._ 180, 451 ; Conroy, J. Soc. Chem. Ind. 
19, 206; Fournier, Bull. Soo. chim. 1908, 3, 
259). According to Witzemann (J. Am®. 
Chem. Soo. 1917, 39, ^667), the oxidation 
process involves preliminary enolisation of the 
acetone, followed by the formation of pyruvic 
acid : 

COHe.-9'CH.: CMeOH-> HO-CH.'CMe(OH), 
-» CHO-CMe(OH), ■-» CO,H'CMe(OH), 

Acetone, when treated with, aqueous potash 
and iodine, yields iodoform (Lichen). Cunning 
(Zeitsch. anal. Chem. 24, 147) has modified 
this reaction to render it available when aloohol 
is present by employing ammonia and a solu¬ 
tion of iodine in ammonium iodide. Another 
test proposed by Reynolds (ibid. 24,147) is based 
on the faot that merourio oxide is soluble in 
acetone in the presenoe of potassium hydroxide { 
the suspected liquid is mixed with a solution of 
mercuric chloride rendered strongly alkaline with 
alcoholie potash, and after shaking the mixture 
is filtered and the filtrate tested for meroury by 
means of ammonium sulphide or stannoils 
chloride. Denig&s (Compt. rend. 126, 1868; 
127, 963 ; Bull. Soo. chim. 13, [3] 643; 10, [3] 
754) recommends the use of tb^ additive com¬ 
pound formed by acetone with meroury sulphate, 
I for detecting acetone in methyl and ethyl 
alcohol (Oppenheimer, Ber. 32, 986). Pearoldt 
(Zeitaoh. anaL Chem. 24, 147) adds to the 
luspeoted liquid orthonitrobenzaldehyde, whioh 
in presenoe of caustic alkali oombines with ace¬ 
tone to form indigo. Another delicate test is to 
add sodium hydroxide, hvdrorylamine and 
pyridine, then ether and bromine until the 
solution is yellow, hydrogen peroxide is now 
added when, if acetone is present, the solution 
becomes blue (Stock); dimethyl p-phenylenedia- 
nfine produces a red colouration which ohanges 
to violet on addition of alkali or aoijt (Malerba, 
ZeitSoh, anal. Chtftn. 37,690). Similar colour re- 
actions are obtained by addmg a few drops of 
sodium nitroprusside to a mixture^ acetone and 
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a primary aliphatic amine (Rimini, Chem. £entr, / oyanhydrin is obtained in the dark, but in the 
189$, 2,132). Of all these tests Lieben’s is perhaps light a mixture of produots iB formed (Silber, 
the^nost sensitive. , To detect acetone in urine a Ber. 38,1671).— 4. Compounds with ammonia :— 
strong solution of sodium nitroprusside is added, Ammonia unites with acetone i£t the cold with 
thdL the mixture made alkaline with potash, the elimination of the elements of water; the 
when a red colouration is produced which reaction, however, proceeds more quickly if the 
changes to violet on addition of acetic aoid (If gal, temperature is raised to 100°, or if dry ammonia 
J. Pharm. Chim. 1888, 17, 206; Denig&i, Bull, gas is passed into boiling acetone. Several 
Soc. chim. [3] 16, 1058). According to Egeling bases, dfaoctonamine C,H^ s NO, triacetonamine 
(Chem. Zentr. 1894, ii. 467), it is best to use C 9 H,,NO, triacetonediamme C 9 H 2( ,N g O, and 
ammonia, when a brilliant violet colour is at dehyarotriacetonamineC 8 H 15 N; the last two in 
once produoed: this reaotion is not given by very small quantity only, have been obtained by 
aldehyde. For other methods of detecting and these mothods, the relative proportions in which 
estimating acetone, compare Arachequesne, they are formed varying with the temperature 
.Compt. rend. 110, 6^2; Collischonn,* Zeitsch. and time employed. These bases and their 
anal. Chem. 29, 662; Squibb, J. Amer. Chem. derivatives have been examined by Heintz 
Soo. 18,1068; Kebler, ibid. 19,316; Schwieker, (Annalen, 174, 133 ; 176, 262; 178, 306, 326; 

Chem. Zeit. 15,914; Strache, Monateh. 13, 299; 181, 70; 183, 276 ; 189, 214; 191, 122; 198, 

Klar, J. Soc. Chem. Ind. 15,299 ; Hintz, Zeitsch. 42, 87 ; 201, 90; 203, 336) and by Sokolow and 
anal. Chem. 27, 182; Sternberg, Chem. Zentr. Latsohinow (Ber. 7, 1384), Ruhemann and 
1901, i. 270; Keppclor, Zeitsch. angew. Chem. Carnegie (Chom. Soo. Trans. 1888, 424), Riighei- 
r 18, 464; Vaubol and Sohleuer, ibid. 18, 214; mer (Ber. 21, 3326 ; 26, 1562), Harries (An- 
Jolles, Ber. 39, 1306; Auld, J. Soc. Chem. Ind. nalen, 296, 328), Franohimont and Friedmann 
25, 100; Heikel, Chem. Zeit. 32, 75. (Reo. Trav. Chim. 1907,223), Gabriel and Colman 

(For estimating acetone in wood spirit, see (Ber. 36, 3806), Kohn and Lindauer (Monatsh. 
Araohequesne, lx. ; Vignon, Compt. rend. 110, 23, 764), Kohn (Annalen, 351, 134; Monatsh. 
634; 112, 873; and in urine, see Huppert, 24, 765, 773; 25, 135, 817, 850; 28, 429, 

Zdtsch. anal. Chem. 29, 632; Salkowski, ,1. 508, 629, 637, 1040); they yield weft-crystallised 

Pharm. Chim. 1891, 194; Geelmuydon, Zoitsch. salts, and can bo separated from one‘another 
anal. Chem. 35, 503-: Willen, Chem. Zentr. by means of theiij oxalates* Methylamine also 

1897, i. 134; Martz, ii. 232; Argcnson, Bull, gives corresponding compounds with acetone, 
Soc. chim. 15, [3] 1055; Studer, Chem. Zontr. but dimcthylamine yields dimethyldiaoeton- 

1898, i. 1152; Mallat, J. Pharm. 1897, 6296; amine as the sole produot (Gottsohmann, 
Sabbatani, Chem. Zentr. 1899, ii. 22; Riegler, Annalen, 197, 27). 

Zeitsch. anal. Chem. 40, 94; Vournasos, Bull. Thioacetones have been studied by Bau- 
Soo. chim. 31, [3] 137; Graaff, Pharm. Week- mann and Fromm (Ber. 22, 1035, 2592). 
blad, 1907, 44, 555; Folin, J. Biol. Chem. 1907, Acetone forms compounds with mercuric Sul- 
3, *177; Monimart. J. Pharm. Chem. 1892, 26, phato (Dcniges, l.c.; Oppenheimer, lx.), with 
392; Heikel, lx.; ^lart, J. BioJ. Chem. 1908, 4, mcrcurio oxide (Auld and Hantzsch, Ber. 
477.) 38, 2677; Lasscrre, J. Pharm. Chim. 1890, 

Derivatives. —Acetone combines directly with 22, 246), with mercurio oyanido (Marsh and 
a large number of substances yielding well- Struthers, (-'hern. Soc. Trans. 1905, 1878), with 
characterised additive compounds. 1. Com - mercuric iodide (Gernez, Compt. rend. 137, 255; 
pounds with alkaline sulphites :—Acetone forms Marsh and Struthers, Chem. Soc. Proc. 1908, 
definite crystalline compounds when shaken with 266), and with mercuric nitrate (Hoimann, 
concentrated solutions of the aoid sulphites (hi- Ber. 31, 2212). Metallio derivatives of the 
sulphites) of the alkali metals (Precht, Phot, type CH 8 'CCH'H 2 K are obtained by the eleo- 
Centr. 1902, 8, 301; Kerp, Kaiserl. Gesundh. trolysis of acetone solutions of potassium or 
1904,21,40; Roth wood, Monatsh. 26,1545). The sodium iodides oi* of potassium thiocyanate 
pofcws*wm8altC 3 H 6 0,KHS0 3 ,andtheaodmnsalt (Levi and Voghera, Gazz. ohim. ifcal. 35, i. 
C|H fl 0,NaHS0 3 , crystallise in nacreous scales 277). 

(Limpricht, Annalen 93, 238); the ammonium Acetone yields substitution derivatives when 
salt C 3 H b 0,NH 4 HS0 3 crystallises in lamince acted upon with chlorine or bromine (Bischoff, 
(Stadeler, Annalen, 111, 307). The barium Ber. 5, 863, 963; 8, 1329). The following deriva* 
salt has formu^*. 2C 8 H 6 0,Ba(S0 3 H) 2 ,H 2 0 (Fa- tives have been obtained:—Monoohloraoetone 
gard, J. Pharm. Chim. 1895,2,145). Thoso salts (Henry, Star. 5,190; Mulder, Ber. 5, 1009; Bar- 
yield acetone when heated with aqueous potash, baglia, Ber. 7, 467 ; Linnemann, Annalen, 134, 
Calcium chloride combines with acetone to form 171; Koenigs and Wagstaffe, Ber. 26, 554; 
CaCl,,2C # H fl OandCaCl 8 , C 8 H 6 0(Bagster, Chem. Wislicenus, Kiroheisen and Sattler, ibid. 26, 
Soo. Trans. 1917, 111, 494).—2. ComimindJ‘ 908; -Fritsch, ibid. 26, 597; Tcherniac, Ber. 
mth chloroform (Willgerodt, Ber. 14, 2451 ; 25, 2629; Kling, Bull. Soo. chim. [3] 33, 322); 
15, 2308; Cameron and Holly, Chem. Zentr. unsymmetricai’dichloracetone (Fittig, Annalen, 
1898, ii. 277 ; Jocitsoh, ibid. 1899, i. 606; 110, 40; Borsche and Fittig, Annalen, 133, 
Willgerodt and JDiirr, J. pr. Chem. 148, 283). 112: Erlenbach, Annalen, 269, 46; Tcherniac, 
—3. Compounds with hydrogen cyanide (Ureoh, l.c.; Fritsch, Ic. ; McIntosh, Chem. Soc. Trans. 
Annalen, 164, 265):—Acetone yields acetone- 1905, 790); symmetrical dichloraoetone (Barba- 
cyanhydrol C 4 H 7 NO, b.p. 120°, when added to glia, l.c. ; Fritsch, l.c.); triobloraoetone (Bisohoff, 
anhydrous hydrogen cyanideand diocetpns- lx. ; Kraemer, Ber. 7, 252; Perrier and Prost, 
oyanhydrofcH 7 H,,NO a , a orystalline substanoe, Compt. rend. 140, 146 ; Hantzsch. Ber. 21, 242); 
when treated with a 25 p.c, solution (aqueou&) of tetrachloraoetone (Bischoff, Levy, Witte and 
hydrogpjicyanide (Tjemann and Friedltinder, Ber. Curchod, Annalen* 252, 330, 254, 83; Levy 
14,1965); wit^.3*3|;c. hydrogerj cyanide acetone- and Jedlicka, Ber. 21, 318); and pentachlor* 
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acetone (Cloez, Bull. Soo. ohim. f2j 39, 038; 
Friteoh, Annalen, 279, 310 and l.c .; Levy 
and Jedlioka, ^c.). Pentaehloroaoetone treated 
with phosphorus pentachloride yields oa-hepta- 
chloropropane C*Cl 10 , a crystalline substance, 
m.p. 32°; also obtained by the direct addition 
of chloroform to tetraohloroethylene under the 
influence of aluminium chloride (Boesuken and 
Prins, Proc. K. Akad. Wetensch. Amsterdam, 
1911, 13, 086). The corresponding bromo- 
derivatives, with the exception of tribromace- 
tone, are obtained by the direct action of 
bromine upon acetone (Mulder, J. 1864, 330; 
Molntosh, l.c .; Lap worth, Chora. Soc. Trans. 
1904, 153), also by other methods (Hjelt and 
8iven, Ber. 21, 3288 ; Norton and Wislenhoff, 
Amer. Chem. J. 10, 213 ; Hantzsch, l.c.). Other 
halogen derivatives (J. Soc. Ohem. Ind. 16, 
933 ; Hantzsch, l.c. and Ber. 22, 1238) and the 
compounds of acetone with the halogen acids 
(Archibald and McIntosh, Chem. Soc. Trans. 
1904, 924) have been described. 

Acetone torms a large number of condensa¬ 
tion products and derivatives with other organic 
compounds: Cyanacotones (Hantzsch, Bor. 23, 
1472 ; Tcherniac, Bor. 26, 2607, 2621; Kowppa, 
Ber. 33, 353iP). Acetone dioxalic ester obtained 
by the action of sodium ethylate on a mixturo 
of acetone and oxalic ester is convorted when 
treated with sodium ethonide to a dienolio 
substance forming lemon-yellow needles, m.p. 
98*, and dyeing wool in alcoholio solution. 
It is the first nit-rogon free dye-stuff of the fatty 
series yet obtained (Willstatter and Pummerer, 
Ber. 37, 3733). PseudocycZocitralidene acetone 
and its homologues have an odour of violets, 
and are suitable for use in perfumes (J. Soc. 
Chem. Ind. 24, 290). 

For acetone dicarboxylic acid and its deriva¬ 
tives, see Ormerod, Chem. Soc. Proc. 1906, 205; 
Donigfes, Compt. rend. 128, 680; Lippmann, 
Ber. 41, 3981; for aeetonyl acetone and its 
derivatives, see Knorr, Ber. 22, 168, 2100 ; 
Claisen and Ehrhardt, Ber. 22, 1009; Zincke 
and Kegel, Ber. 23, 230; Claisen, Ber. 25, 
3164; the azo- (Bulow and Schlottcrbeck, Bor. 
35, 2187) and diazo- derivatives of aeetony) 
acetone, have dyeing properties (Faurel, Compt. 
rend. 128, 318). 

Acetone, with diazobenzene chloride in the 
presenoe of alkali, yields a compound C u II u ON 2 . 
m.p. 134°~135°, which has dyeing properties 
(Bamberger and Wulz, Ber. 24, 2793). For other 
condensation products compare Boessneck, Ber. 
21, 1906; Peohmann and Wehsarg, ibid. 2989, 
2994; Franke and Kohn, Monatsh* 19, 364; 
20, 876; Spier, Ber. 28, 2531 ; Perkin and, 
Thorpe, Chem. Soc^ Trans. 1890,1482; Weidel, 
Monatsh. 17, 401; Micko, ibid. 442; Stohbe 
Ber. 28, 1122; Comelson and Kostanecki, Ber. 
29, 240; Claisen, ibid. 2931; Rohmer, Ber. 31, 
281; Pfitzinger, J. pr. Chem. 104, 283; Freer, 
Amer. Chem. J. 17, 1; Barbier and Bouveault, 
Compt. rend. 118, 198; Haller and Maioh. 
Cornet, rend. 139, 99; Straus, Ber. 37, 3293. 
Harries and Ferrari, Ber. 30, 650; Ulpiani 
and Bemardini, Atti R. Accad. Lincei, 1904, 
13, 331; Peohmann and Sidgwiok, Ber. 37, 
3816; Dunt\*itz, Monatsh. 27, 773; Knoeve- 
nagel, Ber. 39, 3451, 3457; Purdie, Chem. Soc. 
Trans. 1906, 1200; Richard 1 , Compt. rend. 145, 
129. Diaoetones and their derivatives have bgen 


studied by Combes (Compt. rend. 108. 1252; 
Behai and Auger, Compt. rend. 109, 970; 
Claisen and Stylos, Ber. 21,.141); derivatives of 
triaoetone by Weinschenk (Ber. 34, 2185). 

ACETONECHLOROFORM, aaa-tricMor- /J%- 
droxy-fS-methylpropane {Chloretonc ) (CH 3 ) 2 -C(OH)- 
CClf, prepared by slowly adding powdered 
potassium hydrdiide (3 parts) to a cooled 
mixture of acetone (5 parts) and chloroform 
(1 part) (Willgerodt, J. pr. Chem. [2] 37, 361) is 
a white crystalline compound, b.p. 167°, melt¬ 
ing near but above 97°; it has a camphor¬ 
like odour, is solulle in hot, sparingly soluble 
in cold water, and crystallises well from ether, 
alcohol, *&cetic acid, acetone, or chloroform; it 
forms no definite hydrate, but the system acetone- 
chloroform/water presents a quadruple point 
for the solid, two solutions and the vapour at 75-2* 
(Cameron and Holly, J. Phys. Chem. 1898, 2, 
322). Tho acetate (CH,) 2 ‘C(OAc)*CCl 3 boils at 
191°. The benzoate (CH 3 ) 2 ‘C(OBz).CCl 3 boils at 
282° (Willgerodt and Durr, J. pr. Chem. [2] 39, 
283). Acetonechloroform is reduced by zinc-dust 
and alcohol, forming dichloroisobutylene, wo- 
crotylrhlorido, and isobutylene (Jocitsch, J. Russ. 
Phys. Chem. Soo. 1898, 30, 920); and is decom¬ 
posed by water at 180*, yielding hydrogen 
chloride and hydroxyisobutyric acid (Willgerqdt, 
Ber. 1882, 15, 2305). By the action of benzene 
in presence of aluminium chloride the chlorine 
atoms of acetonechloroform are replaced wholly 
or in part by phenyl residues, and the compounds 
diphenylchloromethyl dimethyl carbinol CPh^Cl* 
CMe 2 *OH b.p. 239°; phenyldichloromethyl dimethyl 
carbinol CPhCl ? -CMe 2 -OH b.p. 217°; and tri- 
phcnylmdlyl dimethyl carbinol CPh a -CMe,-OH 
b.p. 260°, have been prepared, and similar 
compounds are obtained using toliftne or* 23- 
xylene (Willgerodt, J. pr. Chejn. [2] 37, 361). 

Acetonochloroform is a powerful germicide, a 
satisfactory surgical dressing, &nd hypnotic foi 
internal use (Aldrich and Houghton, Amer. 
J. Physiol. 1900, 3, 26); it is UBed as a 
speeilic for sea-sickness (Merck. Ann. Report, 
1907,1), forming the chief ingredient of “ Zotos,” 
and a 1-2 p.c. solution is used under the name 
of anesin for producing local anesthesia (Cohn, 
Pharm Zentr. II. 40, 33). 

ACETONEDICARBOXYLIC ACIDi\ Ketones. 

ACETONE OIL is the oily residue remaining 
after the separation of aoetone from the products 
of the dry distillation of caloium acetate. It 
can also bo prepared by the dry distillation of 
the lime salts obtained by neutralising fleece 
washings with milk of lime. /tf>out 15 litres of 
the oil are obtained from a cubio metre of fleece 
washings of ll a B. It is a slightly-ooloured 
liquid of sp.gr. 0-835, having a penetrating 
^mell and acrid burning taste. It consists mainly 
of methyl ethyl ketone (A. and P, Buisine, 
Compt. rend. 120, 351; 128,561). According 
to Duchemin (Bull. Soo. chim. [3] 21,798)aoetone 
oil is of very variable composition, depending 
upon the nature of the pyrolignate from which it 
is prepared. A French Commission reported that 
it was effective as a denaturant of alcohol and 
it was adopted for this purpose by the Swiss 
Government ini *895. 

f’or details of # mode of manufactq^fe from wool 
washings, v. Buisine (J. Soo. Chun. Ind. 18, 
292 j.21, 164f; P. Baechlin,^Rev. Cbi». Ind. 9, 
112; 15, 240). 
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ACETONIC ACID, v. Hx:deoxybi&yrio 
AOID. 

ACETOPHENONE. Phenyl meihyl ketone. 
Hvpnone C 8 H 6 COCH 8 - is obtained by acting 
with benzoyl chloride on zinc methyl £ by 
distilling a mixture of the calcium salts of 
benzoic and acetio acids; or *}>y boiling toother 
benzene and acetyl chloride with aluminium 
chloride. It can be isolated from the fraction 
of heavy oil of coal tar boiling at lGCP-lfiO* 1 
by addition of sulphuric acid, distilling the 
solution in steam and conyerting the distillate 
into -the p-bromopheny)5j.y(lrazone derivative 
of aoetophenone (WUssgerber, Ber. ,36, 764). 
It is best obtained synthetically by adding 
small quantities of sublimed ferric chloride 
(7 parts) to a mixture of benzene (fj parts) and 
aoetyl chloride (7 parts) diluted with carbon 
disulphide. The mixture is then warmed on the 
water-bath, dried and fractionated (Nencki and 
Stoeber, Ber. 30, 1768). 

Acetophenone crystallises in large plates, m.p. 
20*6°; b.p. 202°. It possesses a persistent 
odour of oil of bitter almonds and cherry laurel 
water; is insoluble in water, but dissolves easily 
in alcohol, ether, chloroform, or benzene. 
It is readily oxidised by- potassium perman- 
oftnate to phenylglyoxylic acid (Gliicksmann, 
Monatsh. 11, 246). By the action of ammonia on 
an alcoholic solution of acetophenone, the aceto¬ 
phenone ammonia is formed CMePh(N : CMePh) 2 , 
m.p. 116° (Thomae, Arch. Pharm. 244. 643) ( v. 
Ketones). 

Acetophenone forms a large number of deriva¬ 
tives and condensation products with aldehydes, 
halogens, acids, mercury salts, By the 

action of^hydrogen in presence of finely divided 
nickel it may be converted into phenyl methyl 
carbinol. • 

Acetophenone was discovered by Dujardin- 
Beaumetz and Bardet to possess powerful 
soporific properties (Compt. rend. 101, 960; 
Karmensky, Liss. Mod. Chi. Acad. St. Peters¬ 
burg, 1888-1889, No. 70). In quantities of 0 05 
to 015 gram, it induces a quiet sleep, but is 
said to impart a disagreeable odour to the 
breath (Pharm. J. 1886, 582). 

Aminoacetophenone (Camps, Arch.* Pharm. 
40, 15), b.p. 250°-252°; 135°/17 mm., has 
anaesthetic properties, which are not diminished 
bv condensing it with aldehydes containing a 
phenolic hydroxyl, but are destroyed when it is 
condensed with benzaldehyde, tolualdehvde, 
or cinnamaldehvde (Hildebrandt, Chem. Zentr. 
1905, ii. 502; ftcholz and lluber, Ber. 37, 390 ; 
Schafer, Ber. 39, 2181). 

p-Amino acetophenone v. Ketones. 1 

Aceiophenonephenetidene, m.p. 88°, an anti¬ 
pyretic substance, can be obtained by heating) 
moleoular proportions of acetophonone and p- 
phenetidene in vacud, then distilling in vacud at , 
210°-212° (Valentiner, J. Chem. Soc. Ind. 15, 
50; 17,602). 

/3-ACETO-PROPIONIC ACID. Lcevulic acid 
CH, *COCH, 'CH ,-CO 2 H. 

This substance is formed by the ( .action of dilute 
acids on a«number of carbohydrates— c.g. levu- 
loae, iiralin,'galactose. It is also a produdt of 
oxidation of the terpene alcohol*-, but is best 
prepared by heatSag on the water-bath** cane 
sugar with dilute* %drochlorio acid (4 vols. 


water, 1 vol. cone, aoid) until a brown flocoulent 

f ireoipitate is no longer formed. (Compare Tol- 
ens, Ber. 17, 068; Wehmer*a. Xollens, Annalen, 
243, 214.) The filtered liquid is then evaporated 
on the water-bath, extracted several times with 
ether, and after distilling off the ether the 
residue is fractionated in a vacuum. 

It cap be obtained by the hydrolysis of various ' 
nucleic r acids (Kossel and Neumann, Zeitsch. 
physiol. Chem. 27, 2215; Inouye, ibid. 42, 117; 
Lcvene, ibid. 43, 119). For other methods of 
preparation, compare Tiomann and Semmler 
(Ber. 28, 2129); Verlcy (Bull. Soo. chim. [3] 
17, 190); Erlenmeyer (J. pr. Chem. 179, 382); 
Blaise (Bull. Soc. chim. [3] 21, 647). * 

Lsevulic acid crystallises in plates which 
melt at 33°. It boils at 239°, 148°-149V15 mm. 
(Michael, J. pr. Chem. 152, 113), ana has at 
15* a sp.gr. 1*135. It is very soluble in water, 
alcohol, or ether, and is not attacked by 
bromine in the cold. Nitrio acid converts it 
into carbon dioxide, acetio acid, succinic and 
oxalic acids. Iodine and sodium hydroxide form 
iodoform even in the cold. Hydriodic acid and 
phosphorus at 200° convert it into normal valeric 
acid ; whereas sodium amalgam forms sodium 
7-hydroxyvalerato acid in an alcob die solution, 
and normal valeric acid in an acid „solution. 
When added to boiling iodic acid solution diiodo- 
acetoacrylic acid & formed\Angeli and Chiassi, 
Ber. 25, 2205). When placed over sulphurio 
acid in a vacuum it decomposes, leaving a 
residue of dihydroxyvaleric acid (Berthelot and 
Andre', Compt. rend. 123, 341). 

The mercury salt Hg(C 6 H 7 0 8 )2, which crystal¬ 
lises in silvery plates, breaks up on treatment 
with sodium hydroxide, forming the two mer- 
curilaevulic acids C.H fl 0 3 Hg and C 6 H 4 0 3 Hg ? . 
Laevulic acid readily condenses with benzil 
(Japp and Murray, Chem. Soc. Proc. 1896, 146), 
and with aldehydes (Meingast, Monatsh. 26, 265). 
It forms a scini-carbazone, m.p. 187° (Blaise, 
l.c.). The ethyl ester when treated with ethyl 
magnesium bromide yields a lactone, b.p. 
105°-106°/18 mm. (Grignard, Compt. rend. 135, 
627). Halogen substitution derivatives of lse- 
vulic acid have also been obtained (Wolff, Ber. 
26, 2216; Wolff and Riidcl, Annalen, 294, 192; 
Conrad and Schmidt, Annalen, 285, 203). 

The substance is employed on a manufac¬ 
turing scale as a mordant instead of acetic aoid, 
as it possesses the advantage of not being volatile 
with steam. 

It is also used in the preparation of the anti¬ 
pyretic agtithermin. Pnenylbydrazine is dis¬ 
solved in dilute acetic acid, and on adding a 
solution of laavulic acid a yellow precipitate is 
formed, which is purified 4 by recrystallisafcion 
fram alcohol (Pharm, J. [3] xvii. 801) ( v . Aim* 

THERM IN). 

ACETOPUF.PUBINE v. Azo- colouring 

MATTERS. 

ACETOPYRINE or ACOPYRINE. A com¬ 
bination of phenyl-dimethyl pyrazolone (anti- 
pyrine) and acetyl salicylic acid. 

ACETOSAi or ACETYSAL. Syn. for aoetyl 
salioylio acid. 

ACETO-p-TOLUIDLDE is obtained by the 
action of aoetio acid upon toluidine. Melts at 
153" and boils at 307°. 

< ACETQZONE, Mixture of auetylbensoyl 



ACETYLENE.. 


39 


C H *C0 

peroxide (5 h 5 *CO^«0 and Jueselguhr, used 
as ftn antiseptic* 

AC ETPH BNETIDENE v. Phenackttn. 

ACETYLCHOLINE v. Ergot, Muscarine. 

ACETYL-l-NAPHTHYLAMINE- 5 - SULPHO- 
NIC ACID is prepared by boiling a mixture of 

6 parts of l-naphthylamine-5-sulphonic acid, 
glaciil acetic acid, acetio anhydride ancrsodium 
acetate under a reflux oondenser until a sample 
cannot be diazotised. The mixture is then 
heated so long as acetic acid and acetic anhydride 
distil over. 

ACETYL-1: 4 NAPHTHYLENEDIAMINE-6 - 
SULPHDNIC ACID is obtained by adding mono¬ 
acetyl 1 :4 naphthylenediamine sulphate to 
fuming sulphuric acid containing 20 p.c. SO s , 
warming to 40°-50° and pouring into ice-cold 
water. Or a mixture of l-naphtbylamine-6 and 

7 - sulphonic acids (Cleve’s Acids) may be 
aoetylated with glacial acetic acid, distilling off 
the excess of acetic acid, dissolving the product, 
in sulphuric acid and adding a cooled mixture of 
nitric and sulphuric acids. The mixture is 
diluted with cold water and the sodium salts 
of the nitro-acids precipitated by adding 
oomraon sab. The mixture of the nitro-acids 
is reduced by iron filings and acetic acid, made 
alkaline by sodium carbonate, filtered hot, 
slightly aoidified ftnd the «1 : 4-naphthylene- 
diamine-G-sulphonic acid precipitated. This 
is acetylated by boiling with a mixture of 
acetio acid and sodium acetate (Levinstein, 
Eng. Pat. 12119 (1898); Caasella and Co. D.R.P. 
116922). Used in making Diaminogen blues. 
(Cain, ‘ Intermediate Products for Dyes.’) 
Of. Naphthalene. 

ACETYL - p - PHENYLENEDIAMINE (p ■ 

aminp acetanilide) 


NH. 


/—\ 


NHCO’CH, 


is prepared by reducing ;>-nitroacetanilido with 
iron filings and acetic acid at 60°, rendering the 
solution alkaline with sodium carbonate and 
adding common salt and hydrochlorio acid 
when the hydrochloride of acetyl-p-phenylene 
diamine crystallises out (Grandmougin, Rev. 
prod. chim. 1917,20,260). Acetyl-p-phenylene- 
diamine melts at 162 ‘5°. 

ACETYLENE C 3 H 2 is the first member of 
the series of unsaturated aliphatic hydrocarbons 
to which it gives its name, and having the 
general formula: C;H an _ a . This formula also 
applies to the dialkylenes the difference being 
that members of the acetylene Series are 
oharactf rised by the presence of one triple 
linkage whilst the dialky lenes possess two' 
double linkages:— 

CHjOCH 


ch;ch 

Acetylene 

(OjHj). 

and 


CHgC-CCHj 

Propine (OnH*) Butine (C 4 H 4 ) 

(or Methyl acetylene (Dimethyl acetyl me 
or Ciotonyleno.) 


or AUylene) 

* CH.’C; CH, CH,: CH CH : CH, 
Propadlene (CgH*). Butadiene (C 4 H 6 ). 
The dialky lenes will not therefore be considered 
in this section. (See Symhetio Rubber, Iso- 
prbne, Butadiene.) 

Nomendattre.—According to the Geneva 
syertera acetylene is to be termed Ethine, the 
endiig -ine being the Bystematio termination for 
members of the acetylene series, thus: propijie, 


butin% eto. In praotioe, however, the original 
name acetylene is always used as being well 
established and unlikely to cause confusion. 
With the exception of allylene 0,H 4 , and cto- 
tonykne C 4 H 6 , higher members of the series ye 
usually named as substituted acetylenes, e.g. 
methyl-acetylene, dimethyl-acetylene, isopropyl- 
acetvlene, phenyl-ffcefcylene, &o. 

historical .—Acetylene was first observed by 
Edmund Davy as a gas produced on treating 
with water the impure residues obtained in the 
preparation of potassium (Brit. Assoc. Rep. 
1836, p. 62 : Annale« % 23, 144). The first sys¬ 
tematic examination of the gas was made by 
Berthelofc»(Oompt. rend fif, 640 ; Annalen, 123, 
212 ; Ann. Chim. Phys. [7] 23, 444 ; [8] 6, 182), 
who examined the composition and properties 
of acetylene*and showed its production in many 
pyrochemical processes. 

Of particular interest to the technical 
chemist is the discovery by Wohler, in 1862 
(Annalen, 124, 220), that a-efcylene is produced 
by treating calcium carbide with water, a 
discovery that served thirty years later as the 
starting point for the whole acetylene industry 
when it was shown by Willson, in 1892, that 
calcium carbide could be produced on a large 
scale and in fairly pure condition in the electno 
furnace. For more than a decade after t&b 
introduction of calcium c^bide on a commercial 
scale, the chief interest in the subject lay in the 
direction of the utilisation of the gas for illu¬ 
minating purposes, as it was widely believed that 
the pure white light of acetylene, and its con¬ 
venience of manufacture in small quantities, 
would soon cause it to oust coal-gas from the 
field to a great, extent. This expectation has 
not been fulfilled, though acetylene gx>ntin»es 
to be of great uSb for various purposes such as 
flares, The next stage vfas tne use of the 
oxy-acetylene flame for the ‘ autogenous 
welding 1 of iron, an industry that to-day 
utilises a considerable amount of the gas. In 
the first decade of the present century attempts 
were made to effect the chemical utilisation of 
acetylene in varies ways, chiefly by the addition 
of chlorine and the formation of various ohlorine 
derivatives of different boiling-points which are 
suitable as solvents for many purposes and 
serve to replace inflammable materials such cus 
benzene, gasoline, and so on, for dry-cleaning, 
fat-extraction, &c. On these lines much useful 
work has been done in this country by Tomp¬ 
kins, and by the Clayton Aniline Company, and 
abroad by the Chemische Fa^rik Griesheim- 
Elektron, and the Consortium fur elektro- 
chemische Industrie G.m.b.H. Lastly, sinoo 
1910, it has been found possible to produoe 
Lacetaldehyde direct from acetylene on a technical 
F scale by the use of mercury salts as catalysts, 
with the result that progress in this field has 
been remarkably rapid, and the production of 
such diverse substances as alcohol, acetic acid, 
acetic anhydride, and acetone from acetylene 
on a commercial scale is already an accomplished 
fact which may have vast economic consequences. 
(See Acetaldehyde.) 

•Production'.-ri\) By the direct union of 
carbon and hydrogen in the eleotric |*o 
f 2C+H,« C a Hj 

(BerJhelot, Compt. rend. Annalen, 123, 
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212 ; Ann. Chim. Phvs. [7] 23, 444; [8] <L 182 ; 
Bone and Jerdan, Chem. Soc. Trans. 71, 41; 
79 t 1042 ; Pring apd Hutton, Chem. Soc. Trans. 
89, 1600; v, Wartenberg, Zeitsch. angew. 
<*om. 52, 310.) • 

(2) From ethylene dib^omide or dichlorue by 
the action of alcoholio potash, with the inter¬ 
mediate formation of vinyl (ftloride or bromide : 

CH 8 BrCH 8 Br—HBi* = CH,: CHBr 
CH 8 : CHBr—HBr = CH j CH 

(Sawitsoh, Compt. rend. 52, 157 ; Miasnikow, 
Annalen, 118, 330; de* Wilde, Ber. 7, 352; 
Sabanejew, Annalen, 178. 109; Zeisel, Annalen, 
191, 308 ; de Forcrand, Compt. rend. '104, 697 ; 
Mouneyrat, Bull. Soc. chim, [3] 19, 184; 
Meunier and Despapnent, Compt. rend. 144, 
273 ; Bull. Soc. chim. [4] 1, 342. * 

(3) By treating various halogen compounds 
with metals , e.g. by treating tetrachlorethane 
with metallic zinc: 

CHC1 2 'CHC1 2 4- 2Zn = CH ;CH+2ZnCl a 

(Sabanejew, Annalen, 210, 252), or by the 
action of silver, copper, or zinc dust on iodo¬ 
form, or by the action of the copper-zinc couple 
on bromoform (Cazeneuvq, Compt. rend. 97, 
^71; 113,1054). 

(4) By electrolysis of iinsaturated carboxylic 
acids, such as fumaric*or maleic acid: 

CHCOOH CH 

Ih.cooh^ +WH ’ 

(Anode) (Kathode) 
(Kekul6, Annalen, 131, 85). 

(5) From acetylene mono- or 'di-carboxylic 

atf.ds: * 

C a (COpH) a = C a H a q-2CO a 

(Lossen, Annalen, 272, 140). ( Gf., however, 
Vanzetti and Fasoli, Gazz. chim. ital. 46, i. 49.) 

(6) From propargyl aldehyde by the action 
of alkali: 

CHjC-CHO+NaOH = OHjCH-f HCOONa 
(Claisen, Ber. 31, 1023). 

(7) By decomposition of various complex 
organic substance* : e.g. brom-cyclo butene 
(cf. Knorr and Matthes, Ber. 32, 740; Will- 
statfcer and v. Schmaodel, Ber. 38,* 1994 ; 
Gabriel, Ber. 38, 2405.) 

(8) From copper acetylide by the action of 
aqueouf potassium cyanide (Bacyer, Ber. 18, 
2273; cf. also Zeisel, Annalen, 191, 368; 
Romer, Annalefi, 233, 182; Noyes and Tucker, 
Amer. Chem. J. 19, 123). This method is 
stated to yield extremely pure acetylene : iff 
hydrochloric acid be used instead of potassium 
cyanide, the gas is not so pure ana possibly, 
contains traces of vinyl chloride. 

(9) By the action of water on calcium carbide : 

CaC a +H a O—Ca(OH) a +C a H a 

Strontium and barium carbides act similarly. 
(Wohler, Annalen, 124, 220; Travers, Chem. 
Soc. Proc. 1893, 15; Maquenne, Compt. rend. 
115, 558 ; Moissan, Bull. Soc. chim. [31 11, 1007 ; 
Lewes, J. Soc. Chem. Ind. 16, <33 ; Clowes, ibid. 
209, 819 U Wilson, ibid. 1§, 103; Lijnke, 
Elektr. Chem. Zeit. 1895, 145; Wyatt, J. Soc. 
Chem. ii<L 14, 13& 796 ; 20, 109*; Bamberger, 

Zeit^k n-titmur flliAni 1 fiQS. 7 9 .( l \ This‘in hv 


far the most convenient and practicable method 
for the production of acetylene, and is invariably 
used for the commercial production of the gas. 

A convenient laboratory fhethod for the 
production of acetylene is to cover calcium 
carbide with absolute alcohol and to add water 
drop by drop (Matthews, J. Amer. Chem. 
Soc. 22. 106). 

For the technical production of acetylene 
and its use as an illuminant, see Acetylene— 
Commercial Applications. 

Details as to the British Patents dealing 
with the subject will be found in the Patent 
Office Abridgement Lists, Class 2, (1855-1909) 
and Class 2 (i) (1910-1915). * 

Acetylene is produced in the incomplete 
combustion of various gases such as coal-gas, 
for instance, when a Bunsen burner t strikes 
back.’ The view, however, that tho accompany¬ 
ing unpleasant odour is due to the acetylene is 
incorrect. (Cf. Meyer and Jacobson, Lehrbuch 
der organ. Chemie. 2nd odn., I. 1, p. 853, note 2.) 

it is also produced by passing methane or 
natural gas through incandescent carbon 
(Knapp, 1J.S. Pat. 1023783). 

The chief objection to acetylene produced 
from calcium carbide is the fact th^t the various 
impurities present in the carbide, such as calcium 
sulphide, phosphide, etc., evolve the corre¬ 
sponding hydrides, on treat* lent with water, so 
causing the acetylene produced to be contami¬ 
nated with various small amounts of gases such 
as ammonia, phosphine, sulphuretted hydrogen, 
arsine, in addition to other hydrocarbons, 
carbon monoxide, hydrogen, nitrogen and 
oxygen. 

Phosphine is probably the most serious 
impurity from the chemical as well as the 
physiological point of view. 

A method of producing odourless acetylene 
has been patented by S. Ide (Jap. Pat. 30209, 
1910), consisting in carbonising calcareous 
materials which contain phosphorus, sulphur, 
etc., as impurities, in the electric furnace, 
spraying with water, whereby the impurities 
escape in gaseous form, and then using the pure 
lime so produced for tho manufacture of carbide 
in the usual way ; this method would, however, 
probably be too costly to be of much use, and in 
practice the crude acetylene can be satisfactorily 
cleared of all its active impurities by suitable 
purification such as scrubbing with various 
liquids—for instance, acidified copper sulphate 
solution, chromic acid in acetic or sulphuric acid 
—or with lime, lead or mercury salts, bleaching 
powder, ^oc. 

(Clowes, J. Soc. Chem. Ind. 16, 209, 319; 
Lunstroem, Chem. Zeit. 23, 180; Berg6 and 
Rqychler, Bull. Soo. chim. |3] 17, 218; Gottig, 
Ber. 32, 1879; Rossel and Landrisset, Zeitsoh. 
angew. Chem 1901, 77; Caro, J. Soc. Chem. 
Ind. 22, 17; Y3, 15; Ullmann and Goldberg, 
Chem, Zentr. 1899, ii. 19; Pfeifer, J. f. Gasbel, 
44, 548; Jaubert, J. Soc. Chem. Ind. 24, 116; 
Willgerodt, Ber. 28, 2107 ; Hoffmeisfcer, Zeitsoh. 
anorg. Chem. 48, 137; Matthews, J. Amer. 
Chem. Soc. 22, 106; Ditz, D,R.P. 162324; 
Lungo and Cedercreutz, Zeitsoh. angew. Chem. 
1897, 651 ; J. Soc. Chem. Ind. 16*37 ; 24,1294; 
27, 798; Wolff, J. f. Gasbel. 1898, 41, 083. 
Full details regarding British Patents dealing 
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found in the Patent Office ‘ Fifty Year Subject 
Index, 1860-1910,’ Class 2 (i).) 

Properties.—Acetylene is a colourless gaB 
having, in a pure state, a pleasant ethereal 
odour (Grehaut, Berthelot and Moissan, 
Compt. rend. '121, 664), which iB, however, 
usually disguised by the presence of foetid 
smelling impurities (Zeisel, Annaldi, 191, 
368; Eomer, Annalen, 233, 182; Nfiyes and 
Tioker, Amer. Chem. Jour. 19, 123). It 
solidifies in liquid air to a crystalline mass 
which can be burnt like a candle (Ladenburg, 
Ber. 31, 1968). At the ordinary pressure its 
melting-point ( — 81°) is higher than its boiling 
point f —82*4°) (Ladenburg and Krugel, Ber. 32, 
1821 ; 33, 638 ; Hunter, Chem. Zentr. 1906, ii 
485). McIntosh and Maass give the melting 
point as —81*5°, sublimation point —83*6°, and 
boiling-point — SB’S 0 (J. Phys. Chem. 11,306; 
J. Amer. Chem. Soc. 36, 737); —84'0° Burrell 
and Robertson. Its critical temperature is 
37 '06° (Ansdell, Proo. Roy. Soo. 29, 209; 
Heilbronn, Zeitsch. physical. Chem. 7, 604) or 
365° (McIntosh, ibid.) ; its critioal pressure 
67-68 atm. (Leduc, Ann. Chira. Phys. [7] 15. 
87) or 61’6 atm. (McIntosh, ibid.) and its critical 
volume 83*p.c. (McIntosh, ibid.). Cardosa and 
Baume give the critical temperature as 35 5° 
and the critical pressure as 61‘5 atm. (Compt. 
rend. 151, 141). €?or othe% physical constants 
of solid and liquid acetylono, see McIntosh, 
ibid. 

Liquid acetylene is a mobile fluid of sp.gr. 
0‘451 at 0° C. (Cailletet, Compt. rend. 85, 851; 
Ansdell, Jahresbericht d. Chem. 1879, 68) or 
0*73 at —76° (McIntosh, ibid.). It has a high 
electrioal resistance which is not appreciably 
altered by the addition of alcohol, ether, halogen 
hydride, etc. (McIntosh, ibid.). 

Acetylene is readily soluble in many organic 
solvents; thus at 18° cliloroform ancf benzeno 
absorb about four times their volume, acetic 
acid and alcohol about six times their volume 
(Berthelot, Ann. ('him. Phys. [4] 9,425 ; Garelli 
and Falciola, Atti d. Reale Accad. dei Lineei 
[5 1 13, i. 110). It is extremely soluble in acetone 
(Claude and Hess, Compt. rend. 124, 626; 
Claude, Compt. rend. 128, 303) which absorbs 
twenty-five times its volume of the gas at 
15° C. and 760 mm., and under 12 atm. takes up 
300 volumes, whilst at —80° it absorbs more 
than 2000 volumes acetylene, which would 
seem to point to acetone and liquid acetylene 
being miscible in all proportions. According 
to McIntosh (supra), crystalline compounds 
arc formed. This property of aedtone is of 

S '; technical importance in the storage o^ 
Ived aoetylena for illuminating purposes. 
(See Acetylene—Commercial Applications.) 
(Berthelot and Vieille, Compt. rend. 123, 523 
124,966,988, 996,1000 ; Wolff, JSeitsch. angew. 
Chem. 1898, 919 ; Caro, J. Soc. Chem. Ind. 25, 
1138.) 

In water the gas is sparingly soluble, about 
1 p.o. by volume at 12° ancf 755 mm. being 
taken up; it forms a hydrate C 2 H. 2 +6H a O 
(Villard, Compt. rend. 120, 1262). The solu¬ 
bility is lowered by the addition of salt (Claude 
and Hess, !*&.). Acetaldehyde has also been 
suggested as a solvent or diluent for acetylene 
as it dissolves hall its weight of the gas (James 
and Watson, U.S. Pat. 928867; James. J. 


Ind.-Eng. Chem. 6, 115), the solvent power of 
organic solvents appearing in general to be 
associated with the presence of a carbonyl 
group and low molecular weight. *' 

Acetylene is an endothermic compoqpid, 
being formed from its element# with an absorp¬ 
tion of approximately 50 Cals. As a conse¬ 
quence both the gas and the liquid are highly 
explosive, particularly under pressure, for 
which reason solvents are used for storage, as 
noted above. (Of. Maquenne, Compt. rend. 121, 
424; Berthelot and Vieille, Compt. rend. 123, 
523 ; 124, 988, 996# 1000; 128, ^77 ; Ann. Chim. 
Phys. 11, 5; 17, 303 ; ^Claude, Compt. rend. 128, 
303 ; Berthelot and Le Chatelier, Compt. rend. 
129, 427 ; Ann. Chim. Phys. 20, 15; Mixter, 
Chem. Zentr. 1900, 1, 504; ii. 100T; Chem. 
Ind. 20, 53). 

The molecular heat of combustion is-312*9 
Calories at constant pressure. (For other 
thermal properties soe also Berthelot, Compt, 
rend. 82, 24 ; Ann. Chim. Phys. [5] 9, 165 ; 13, 
14 ; 23, 180; Berthelot and Matignon, Ann. 
Chim. Phys. [6] 30, 656; Maneuvrier and 
Fournier, Compt. rend. 124, 183; Mixter, Chem. 
Zentr. 1901, ii. 1250; 1905, ii. 98; 1906, ii. 
414; Thomsen, Zeitsch. physical. Chem. 52, 
340).' 

Acetylene when pure has no action on meflSls 
(Clowes, J. Soc. Chem. Jnd. 16, 109; Moissan, 
Compt. rend. 124, 566), but ordinary acetylene 
readily attacks copper owing to the presence of 
impurities which facilitate the formation of 
explosive copper acetylide (Soheiber and 
Reckleben, Chem. Zeit. 39, 42; 40, 325). 
Nickel and tin in particular are little attacked, 
by acetylene, and it is suggested by Scheiber and 
Reckleben that metals exposed to th» actiom of 
acetylene shouM be coated with one of these 
metals. It is non-poisonous fh small quantities, 
but may produce asphyxiation when more than 
40 p.c. is present (Clowes, l.c. ; Korda, Mon. 
Sci. 45, 409; Mosso and. Ottolenghi, Ann. di, 
Chim. e. di. Farmacol. 25, 163; Vitali, Chem. 
Zentr. 1898, ii. 686; Moissan, l.c. ; Grehaut, 
Compt. rend, 121, 564 ; Berthelot, Compt. rend, 
121,566 ; Brociner, ibid. 121,773 ; J. Soc. Chem. 
Ihd. 16, 319 ; Roseraann, Chem. Zentr. 1895, 
ii. 998; Bottinck, Pharm. Weekblad, 54, 413). 
It has also distinct action on plants (Grafe and 
Richter, Bofcan. Zentr. 119, 423). 

Acetylene explodes very violently when 
mixed with oxygen or air in any proportion 
from 3-82 p.o., but the explosiveness is reduced 
by admixture with inert gasesj Meyer, Ber. 27, 
2764; Le Chatelier, Compt. rend. 121, 1144; 
GrOhaut, Compt. rend. 122, 832 ; Berthelot and 
Vielle, ibid. 123, 523; Bone and Cain, Chem. 
Soc. Proc. 1896, 176; Clowes, J. Soc. Chem. 
Ind. 15, 90, 418, 701, 891 ; Bundt, Ber. 31, 5 ; 
Clowes, Chem. Soc. Proc. 1896, 413 ; Berthelot 
and Vielle, Compt. rend. 128, 177 ; cf. also 
Delepine, 8th Intern. Congr. Appl. Chem. 4, 25, 
and J. Gasbcl, 57, 65). 

It has been proposed to use acetylene as an 
explosive for bringing down material, e.g., coal 
in large pieces (Sprengstoffe, Waffen und Muni¬ 
tion. 9, 41). 

.With ozone acetylene is violently decom¬ 
posed (Otto, Ann. Cham. Phys. 13, 166). 

IjyrogeneVk Condeneations 9 —On heating acety¬ 
lene it undergoes various^ condensations which 
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are of great importance, particularly in, con¬ 
nection with the theory of gae manufacture. 

3erthelot fountl (JahreBbericht f. Chem. 

1866, 516; Ann. Chim. Phys. [4] 9, 446, 469) 
tUN> on leaving acetylene for a time in aiglass 
tube heated to its softening point, a mixtir e of 
solid and liquid hydroearuons was forme(l in 
which benzene predominated t— 

CH ’ CH 

/// / \ 

CH CH CH CH 

■ ch di ”.4 h ck 

u • \ / „ 

CH CH 

(cf. also Haber, Ber. 29, 2691). It therefore 
appears probable that the formation and 

polymerisation of acetylene play an important 
part in the production of aromatic hydrocarbons 
in the manufacture of coal-gas (V. B. Lewes, 
Proc. Roy. Soc. 65, 90; 67, 394). R. Meyer 
and his co-workers have found that on passing 
acetylene through a tube suitably heated in an 
electric furnace large quantities of tarry products 
arc produced, ana as a result of collecting 
several kilos of tar they were able to isolate and 
i<j|pntify some 23 products identical with those 
occurring in ordinary gas-tar, over 20 p.c. 
being benzene (R. Mcfyer and others, Ber. 45, 
1609 ; 46, 3183 ; 47, 2765 ; 50, 422 ; 51, 1571). 
Bone and Coward, however, tako ft different 
view, holding that the main gaseous product 
at high temperatures must be methane which 
may dissociate into free radicals, CH j and CII a : 
which condense together in various ways as 
the gases cool down (Chem. Soo. Trans. 93-4, 
1197). « p 

For a very complete discussion of the subject 
see ‘ Tho Pyrogenesis of Hydrocarbons,’ 
Part I., E. Lawson Lomax; Part II., A. E. 
Dunstan and F. B. Thole. Journ. Ind. and Eng. 
Chem. 1917, 879, 888; Journ. Inst. Petroleum 
Technologists, 3, 36-120. A comprehensive 
bibliography is given in the articles. 

At temperatures abovo 800° or so, acetylene 
is completely decomposed into hydrogen and 
free carbon, possibly with the intermediate 
formation of methane: 

2C a H a =3C+CH 4 -4C+2H, 

( Cf . Bone and Coward, l.c.) 

This method has been patented for the 
production of pure hydrogen, the finely divided 
carbon so produced having a considerable 
commercial value as acetylene black (cf. J. 
Soc. Chem. Ind. 178, 711; 18, 284; 20, 955; 
Depierre, ibid. 20, 890; Frank, Zoitsch. angew. 
Chem. 1905, 1733). 

ThusMorehead (U.S. Pat. 986489) claims a* 
process for dissociating acetyleno by passing it 
suddenly into a chamber heated to at least dull 
redness. Before the war the Carbonium Co., 
at Friedrichshaven, had a factory in which 
compressed acetylene was decomposed by means 
of electricity into acetylene black and hydrogen, 
the latter being used for tho Zeppelin airships ; 
it is improbable, however, that 4ho process can 
compete wftii other methods fqr the production 
of cneap hydrogen suoh as the Messerschmidt 
process %r the Erank-Caro method (v.^.Hy- 
DBOGXX). 


Pictet (Eng. Pat. 2l256,1910) claims the pro¬ 
duction of hydrogen and carbon from acetylene 
by allowing it to flow into an-externally heated 
chamber to be there heated until dissociation 
takes plaoe, that part of the conduit through 
which Ihe constituents pass ^>eing cooled so 
as to absorb the exoessive heat produced by 
the reaction. 

Acetylene burns with a very smoky but 
brilliantly white flame which can be modified 
by mixing carbon dioxide with the gas, the 
intensity varying with the concentration of the 
latter (Alvisi, Ann. chim. applicata, 5, 118). 
When submitted to the action of an electrio 
discharge at ordinary pressure various con¬ 
densation products are fomed (cf. Berthelot, 
Bull. Soc. chim. [3] 4, 480; Jackson and 
Laurie, Chem. Soc. Proc. 1906, 155 ; Losanitsch, 
Monatsh. 29, 753 ; Javitschitsch, ibid, 29, 1 ; 
29, 5; Coehn, Zoit. f. Eloktr. 7, 681 ; Billitzer, 
Monatsh, 23, 199; Schutzcnborger, Compt. 
rend. 110, 889). 

Owing to its unsaturated nature acetylene 
readily enters into reactions to form addition 
products. It adds on hydrogen to form 
ethylene and ethane; 

C 2 H a +H a =C«H 4 « 
C a H a +2H a =O a H 8 

This is most effectively performed with the aid 
of nascent hydrogen in tho presence of a catalyst. 
Thus Lane (Eng. Pal. 10724, 1911) claims tho 
synthesis of ethylene from acetylene and 
hydrogen by passing them over a heated 
catalyst contained in a scries of tubes. (Cf. 
also Attorbury, Eng. Pat. 2961, 1898 ; Wideen, 
Eng. Pal. 9340, 1903; Bouchard-Praceiq, 
Eng. Pal. 6075, 1905.) Karo (D. R. P. 253160) 
claims the production of ethylene from 
acetyleno and iiydrogon using as a catalyst a 
mixture of at least one metal of the palladium 
or platinum group with at least one metal of 
the following series: iron, nickel, cobalt, 
copper, silver, magnesium, zinc, cadmium, or 
aluminium. 

B. E. Eldred and G. Mersereau (U.S. Pat. 

J 308777) also put forward somewhat similar 
claims, the catalyst used being nickel or pal¬ 
ladium on a earner of coke, asbestos, pumice, 
etc.; to prevent the action becoming too ener¬ 
getic the gas mixture is diluted with J to £ its 
volume of carbon dioxide or ethane. 

According to Paal and his co-workers acety¬ 
lene is readily reduced to ethylene and ethane 
by hydrogen in the presence of colloidal platinum 
or palladium; in presence of palladium practi¬ 
cally pure ethyleno can be obtained, the reduction 
being step-wise; in pregjence of platinum 
35-^tO p.c. of ethane is produced simultaneously 
(Ber. ‘43, 2684, 2692; 48, 275, 1195, 1202; 
46, 128 ; Chenfc Zeit. 36, 60. Cf. also de Wilde, 
7, 353 ; Sabatier and Senflerens, Compt. rend. 
130, 1559, 1628, 1761 ; 13T, 40, 187, 267 ; Bull. 
Soc. chim. [3] 25, 678). 

W. Traube and W. Passarge (Ber. 49, 1692) 
describe the reduction of acetylene directly to 
ethylene by means of an aqueous solution of 
chromous chloride ; the same result is obtained 
if powdered zinc, diluted hydrochloric acid and 
a small quantity of chromous ohloride be used. 
No ethane appear^ to be produced under such 
conditions. The reaction may be carried out 
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under pressure (D, R. P. 287586; U.S. Pat. 
1179061). 

When passed over various metallic catalysts 
such as finely reduced niokel, copper, cobalt or 
iron, a mixture of aoetylene and hydrogen may 
yield various liquid hydrooarbons as well as 
ethylene and ethane: in particular .copper 
yields a greenish hydrooarbon, ‘ Cupreim ’ (q.v.) 
(C,H fl ) n , as also does nickel (Sabatier and 
Senderens, Compt. rend. 128, 1173; 130, 250, 
1559. 1028 ; 131, 187 ; Moreau, ibid. 122, 7240 ; 
Alexander, Ber. 32, 2381 ; Erdmanh and 
Kothner, Zeitsoh. angew. Chem. 18, 49; Gooch 
and Baldwin, ibid. 22, 235). 

Bypassing acetylene over the kathode of 
alkaline lye undergoing electrolysis ethylene and 
ethane are formed (Biflitzer, Monatsh. 23, 199). 

With fuming sulphuric acid acetylene gives 
a sulpkonic acid, the potassium salt of which, 
(C 8 H.) 5 -(S0 4 KH)4, yields phenol on fusion with 
potash and distilling the product (Berthelot, 
Compt. rend. 127,908; 128,333; Ann. ('him. Phys. 
[7) 17,289; Schroeter, Ber. 31,2189; Muthmann, 
Ber. 31, 1880). If 50 p.c. fuming sulphuric acid 
be used the chief produot is acetaldehyde 
disulphonic acid: 

0K;CH+'SH,SO,=(SO 3 H) a 'CH , 0HO+H !! O 


(Schroeter, Muthmann, l.c.). Atterbury (Eng. 
Pat. 1208, 1898) olflms the production of vinyl 
alcohol by passing acetylene into hot strong 
sulphuric acid. 

When led into fused alkali at 220° acetylene 
is completely absorbed and hydrogen is liberated. 
The reaction product on treatment with water 
gives alkali acetate. A 60 p.c. yield is claimed 
but the process hardly seems of commercial 
value (Feuohter, Chem. Zeit. 38, 273). Jt reacts 
with hypochlorous acid to give dichlor-acctaldt- 
hyde, 


Ttys property has of reoent years given rise 
to many important developments, as acetalde¬ 
hyde can be readily convert*} into most diverse 
substances such as alcohol, acetic aoid, acetone, 
butadiene and so synthetic rubber, eto. 
furtlfcr details see Albehyde.). 

Af hen mixed wit* gases such as ammonia, 
sulphuretted hydri^en, &o., and passed through 
heated tubes, vanpus condensation produota 
are formed identical with those occurring in 
coal-tar, such as pyridine, pyrrole, quinoline, 
thiophene, Ac. (Meyer and Tanzen, Ber. 46, 
3183; Meyer and* .Wesche, Ber. 50, 422; 
Tschitschibabin, J. Rubs. Phys. Chem. Soc. 47. 
702), whilst a 50 p.c. *yield of acetonitrile 
uuder oertain conditions is claimed by the 
Chem. Fab. Rhenania (E. P. 109983). 

According to G. Capellen (Amer. Chem. 
Ab4r. 2, 1562) and 0. de Coninck (Bull. aoad. 
roy. Belg. 1908, 303) thiophene is not producible 
direct from acetylene and sulphur; a good 
yield, however, of thiophene can oe obtained by 
passing acetylene over pyrites heated to 280°- 
310° (Steinkopf and Kirchhoff, Annalen, 403, 

1 ; I). R. P. 252375 ; Fr. Pat, 446136 ; Austr. P. 
72291, 1916; Eng. Pat. 16810, 1912). Tschitsohi- 
babin.(f.c.) claims to obtain a purer produot 
from sulphuretted hydrogen than Dy Stemkopf’s 
method. * 

According to the Chemische Fabrik Rhenania 
(Eng. Pat. 109983) thiophene is. produced also 
by passing acetylene mixed with sulphuretted 
hydrogen over nickel hydroxide mixed with 
cement, or better over partially reduced bauxite. 

On treating acetylene with hydrocyamo 
acid (e.g. by treating powdered calcium carbide 
and potassium cyanide with dilute sulphuric 
acid and evaporating the residue)#a 5 p.o. 
yield of succiniS acid is obtained, pointing to 
the intermediate formation of'succinic nitrile: 


C a H a -f HC10 = CHCl a -CH(OH) a 

— CHCl 2 CHO-fH a O 
(Wittorf. Chem. Zentr. 1900, ii. 29). 

With nitric acid nitroform and various 
complex nitrogenated substances are produced 
including an explosive substance C 4 H 2 () 8 N 4 
m.p. 78® (Tustoni and Mascarclli, Gazz. chim. 
ital. 31, i. 461; Mascarelli, ibid. 33, ii. 319). 

According to K. J. P. Orton (Eng. Put. 
125000) a good yield of totranitrometh me may 
be obtained from acetylene and nitric acid by 
passing the gas into 90 p.o. to 97 p.c. acid, 
•preferably in presence of a small quantity of 
mercury, at about 40° 0., adding sulphuric acid 
and then distilling off the tetranitromethane 
formed. « 

Water forms at addition product at low 
temperatures and under pressure, of the formula 
O a Hy6H a O (Villard, Compt. rend. 120, 1262; 
Ann. Chim. Phys. [7] 10, 396 ; Ilf 300 ; Bcrthe- 
lot, Compt. rend. 128, 336; Ann. Chim. Phys. 
[I] 17, 297 ; Forcrand and Thomas, Compt. 
rend. 125, 109). It does not, however, combine 
with water directly to form acetaldehyde except 
m the presence of catalysts such as salts of 
oadmium, magnesium, zinc, and especially 
mercury (Kutscherow, Ber. 14, 1540; 17, 13 ; 1 
42, 2759; Erdmann and Kothner, Zeitsch. 
angew. Chem, 18, 48): , 

OH-OH+HOH - OH,: CH(OH) -* 


C 2 H 2 +2HCN = (CH a CN), -» (CH.-COOH), 
(E. Comanducci, Chem. Zeit. 35, 383). 

Heinemann (Eng. Pat. 12365, 1913 ; Fr. Pat. 
458,397; U.S. Pat. 1134677) describes the 
production of pyopylene by passing a mixture 
of acetylene and methane over heated contact 
substances: 

CHjCH-f CH 4 = CH 8 -CH : CH a 
which can then be converted by circuitous routes 
into glycerine, acetone, &c. A yield of 70 p.o. 
is claimed using a catalyst consisting of platinum 
and copper, aluminium or magnesium on pumice 
at 100 -200°. 

By allowing acetone or it^ homologues to 
act upon the alkali compounds of acetylene, 
3 -mdhyl-bvAenol or its homologues are produced 
(Farbwerko vorm Fr. Bayer, D. R. P. 285770): 
^CH^jCO-fCHj'CHNa (CH a ) a C(OH)G:C H 
According to D. R. P. 280226 and 291186, the 
same result is obtained by allowing acetone and 
acetylene to interact in the presence of alkali 
alcoholates. (Of. also D. R. P. 284764, 286920, 
289800.) On reduction the produot yields 
3-methyl-butenol (D. R. P. 288271): 
v . (CH^C(OH)CH: OH 
wh^ph can then be dehydrated ^o 2-methvl 
butadiene (isoprene) and polymerised to 
synthetic ruWoer. # 9 

(Other possible modes of obtaining synthetic 
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rubber from acetylene are described by Dreyfus 
in Eng. Pat. 17193, 1913 (void).) 

Compounds \vitfy metals and metallic salts. 

A characteristic property of acetylene and 
ife congeners is their anility to form acMitive 
compounds and substitution products* with 
metals and metallic salt# When heated^with 
sodium part of the hydrogen*is replaced yielding 
sodium acetylide and aarbide C a HNa and 
C a Na a (Matignon, Compt. rend. 124, 775; 159, 
769; Skosarewsky, J. Russ. Pliys. Chem. Soc. 
36, 863 ; Moissan, ibid. 126, 302 ; de Forcrand, 
Bull. Soo. chirm [3] 1$,* 996). The sodium 
compound reacts with \ilkyl iodides in liquid 
ammonia at —50° to*—30° to form hemologues 
of the acetylene series (Lebeau and Picon, 
Compt, rend. 156, 1077; cf. also Moissan, ibid 
127, 913). 

Similar compounds are known with lithium, 
potassium, caesium and rubidium (Moissan, 
Compt. rend. 122, 362 ; Gunz. ibid 126, 1866; 
Bull. Soc. chim. [31 15, 756; Compt. rond. 123, 
1273 ; Moissan, Compt. rend. 127, 911; 126, 
302 ; 137, 463 ; 136, 1217). 

Of particular interest are the compounds of 
acetylene with silver and copper which are 
formed on passing the gas through ammoniaeal 
solutions of cuprous or silver salts ; tho former 
compound is a brick-red precipitate of varying 
composition and is used as a test for the presence 
of the gas; it appears to have the composition 
Cu a C a H 2 0 to which Makowka gives the structure 
Cu.'CHCHO (Ber. 41, 824). On heating 
gently it loses water yielding Cu a C 2 . Scheiber 
suggests the formulae: 

CH;C-Cu-Cu(OH), and C-Cu 


• C 


-iu 


for the two compounds (Ber. 41, 3816; 
Scheiber and Reckleben, Ber. 44, 210). 

The silver compound has the formula 
C 2 AggH a O or 0 2 H a '2Ag 2 (_) and forms a yellowish 
precipitate. Both the copper and silver 
compounds explode on heating (cf. Berthelot, 
Ann. Chim. Phys. [4] 9, 385; Blochmann, 
Annalen, 173, 174; Kuntzmann, Bull. Soc. 
chim. [3] 6, 422; Alexander, Ber. 32, 2381; 
Jlosva, ibid. 2697; Phillips, Amer. Chcm 
J. 16, 340; Scheiber and Flebbe, Ber. 41, 
3816; Makowka, Ber. 41, 824; Freund and 
Mai, Chem. Zeit. 1899, 1, 410; Berthelot, 
Cornet, rend. 132, 1525; Keiser, Amer. Chem. 
J. 14, 285 ; Noyes and Tucker, Amer. Chem. J. 
19, 125; Kusj^rt, Zeitsch. angew. Chem. 34, 
453; Silva, Cnem. Zeit. 36, 897; Reckleben 
and Scheiber, Chem. Zeit. 40, 325). 

Acetylene also forms double compounds with 
salts of copper and silver some of which ar<^ 
explosive, e.g. C a H a Cu a Cl g ; C a H s '2Cu a Cl 2 ; 
C^C^Cl*; C a H a -2Ag 2 0; CuS0 3 ’2Cu a C 2 , 
and so on. (Cf. Chavastalon, Compt. rend. 
124, 1364; 125,245; 126, 1810; 127, 68; 
130, 1634, 1764 ; 131, 48 ; 132, 1489 ; Hofmann 
ana Kiispert, Zeitsch. anorg. Chem. 15, 204; 
Hoderbaum, Ber. 30, 760, 814 ; Willgerodt, Ber. 
28, 2107; Arth, Compt. rend. 124, 1534; 
Berthelot and Del^pine, Compt* rend. 129, 369; 
Nieuwland gnd Maguire, Amy. Chem. J. .28, 
1025 ; Edwards and Hodgkinson, J. Soc. Chem. 
Ind. 23* 954 ; 24. 495; Britisl Association 
Reports, 1904^ ^lytander, Ber. 32, 2381; 


Gooch and Baldwin, Zeitsch. anorg. Chem. 
22, 235; Keiser, l.c.; Manchot, J. Soo. Chem. 
Ind. 30, 1302; Bhaduri, Zeitsc^i. anorg. Chem. 
79, 355; 76, 419; Llorens, Anales Soo. Espan. 
fis. quira. ii, 320.) 

The use of acetylene has been suggested as 
an analytical reagent for the separation of metals 
such a! silver, copper, palladium, osmium, gold, 
and mlrcury (Soderbaum, Ber. 30, 760, 814, 
902, 3014; Erdmann and Makowka, Zeitsch. 
anal. Chem. 46, 128, 146; Scheiber, Ber. 41, 
3816; Scheiber and Reckleben, Ber. 44, 210; 
Llorens, Anales soc. Espan. fis. quim. 10, 139; 
11, 320; Weaver, J. Amer. Chem. Soc. 36, 
2462). • 

For the detection and estimation of acetylone 
use is made chiefly of ammoniaeal cuprous 
chloride solution. Llorens (l.c.) recommends 
tho use of test papers soaked in a solution of 
copper sulphate and sodium chloride decolorised 
with sodium bisulphite. Weaver (J. Amer. 
Chem. Soo. 38, 352) describes a colorimetric 
method of estimating acetylene. Schultze 
(Zeitsch. angew. Chem. 29, 1, 341) also describes 
a colorimetric method. (See also above refer¬ 
ences on uso of acetylene as a reagent.) 

With aluminium chloride in #presence of 
alcohol double compounds are formed 


AlCl 3 -2C a II a H 2 0; 
AlCl 3 -«- 2 H a *2EtaH; 
AICl 3 -C 2 H 2 "CH a 0HH 2 O 


(GanghofF and Henderson, J. Amer. Chem. Soc. 
38, 1382; 39, 1420; cf. also Band, Chem. 
News, 81, 286). 

With magnesium bromide compounds are 
formed such as CH [ CMgBr, (• CMgBr a ), (Oddo, 
Atti R. Acad. Lincei. 13, 187 ; Gaz. chim. ital. 
38, i. 625; Yociclii, J. Russ. Phys. Chem. Soc. 
38, 1040). 

Action on magnesium, see Novak (Ber. 42, 
4209) and Cottrell (J. Phys. Chem. 18, 85). 

The compounds of acetylene with mercury 
and mercuric salts havo been studied in some 
detail, and are of considerable importance in 
view of the use of mercury salts as catalysts for 
the conversion of acetylene into acetaldehyde. 
Mercuric acetylide lot carbide) itself, C 2 IIg, is 
obtainable as a white very explosive precipitate, 
by passing acetylene through Nessler solution 
(Keiser, Amer. Chem. 3. 15, 535); on treatment 
with acids acetylene is evolved. A hydrate, 
3C a Hg'H a O, is known also (Plimpton and 
Travers, Trans. Chem. Soc. 65, 226). A hydrate 
of mercuro-aoetylide, C a Hg a 'H a O, is formed as 
a grey precipitate on passing acetyleno through 
an aqueous suspension of mercurous acetate in 
the dark (Burkard and Trgvers, Trans. Chem. 
So^. 81, 1270). Mercuric acetate solution 

yields a slimy white precipitate of SCjEg^HgO* 
2H z O (possibhr 3C2Hg , 2Hg(OH) a ), which is not 
explosive and yields acetaldehyde but no 
acetylene on treatment with acids (Burkard and 
Travers, l.c .; Plimpton, Proc. Chem. Soc. 8, 
109). 

By the action of acetylene on aqueous mercuric 
ehlondo solution an amorphous white precipitate 
is formed to which the formula C a IIg\HgCl| 
was first given (i.e. Bis-chlormetfcuri-acetylene 
ClHg'CjC'HgCl), but whioh appears in reality 
to be trichlormercuri-acctaldenyde (ClHg) a ; 
C£HO- (Keiser, Amer. Chem. J. 15, 637; 
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48 


Biginelli, Chem. Zentr. 1898, i. 92G . Hofmann, 
Bet. 81, 2212, 2783; 32, 874; 37, 4469; 38, 
683 ; Biltz and Mumm, Ber. 37, 4417 ; 38, 133; 
Annalen, 404, 219; Brame, Trans. Chem. Soc. 
87, 427). On heating an aqueous suspension 
of the oompound it is decomposed yielding 
acetaldehyde in practically quantitative yield 
(Kutscherow, Ber. 14, 1540; 17, 13; EiAmann 
and Kothner, Zeitsch. anorg. Chem. IB, 48; 
cf. also Hofmann and others, .supra ; Behai. Ann. 
Ohim. Phys. [01 15,267). According to Hofmann 
the oompound has the structure : 

Cl—Hg a 

• c-c 7 


ci-H g / H:^ S bi 


and Is formed by the addition of two molecules 
Hg01 2 to one of HgC a ; it is tlien split up by 
water: 

Hg 

(ClHg),=C—C=C1,+2HC1+H»0 

= 3HgCl,+CH,-CHO 

More reoently Chapman and Jenkins have 
shown (Tran#. Chem. Soc. 116, 847) that on 
passing acetylene into a saturated solution of 
mercuric chloride in absolute alcohol a large 
yield of a white crystalline a^htion product is 
obtained which is readily soluble in other, 
benzene, and other organic solvents. It has the 
composition Hgt'I a -C a H a , and melts at 113° C. 
Chapman and Jenkins suggest its formula may 
be 

CIHgCH; CHC1 or C1HC-CHC1 
\/ 

Hg 


and it seems probable that this body may be 
the first product formed during the action of 
acetylene upon aqueous solutions of mercuric 
salts. When passed into alcohol in the pre¬ 
sence of a mercury catalyst acetal is formed 
(*>. Acetals), and with anhydrous acetic acid 
ethylidene diacetate is formed which can be 
readily split up into aldehyde and acetic 
anhydride (?•. Aoetals). (See also Hofmann 
and Kirmreuther, Ber. 41, 314 ; 42, 4232.) 

Acetaldehyde is also formed to some extent 
by heating charcoal saturated with acetylene 
to 350° with water (Degrez, Aim. ('him. Phys. 
[7] 3,216). {For details see Aldehyde.) 

Oxidising agents convert aoetylene to acetic 
acid ,* thus hydrogen peroxide (Cross, Be van and 
Heiberg, Ber. 33, 2016) and fused caustic alkali 
(Feuchter, Chem. Zeit. 38, 273) yield acetic 
acid or its salts. 

Various proceslfes have been patented, 
i notably by the Farbwerke vorm. Fr. Bayer,^to 
obtain acetic acid direct from acetylene without 
isolating the acetaldehyde forme# as an inter¬ 
mediate product. This process, described in 
U.S. Pat. 1128780, claims the production of 
acetic acid by treating acetylene with a mixture 
formed from mercuric oxide, hydrogen peroxide 
and ammonium or potassium persulphate in 
10 to 30 p.o. sulphuric acid. Fr. Pat. 467516, 
describing th^ same process, states that 10 8 
grams aoetylene yield 24-26 grams pure acetic 
acid. Fr. Pat. 467778 (D. R P. 293011 ; U.S. 
Pat. 1169376) describes an electrolytic prooess 
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using 30 p.c. sulphuric acid containing about 
1-2 p.ff. of a mercury salt at 30° to 40°, with a 
diviaed cell using a lead or copper cathode and 
oxidising the acetylene at thS platinum anode ; 
using a current of 48‘6 grams acetylene pgr 
hour Jrith 100 amps, the yield, is stated to be 
0'6 ki. acetic acid perjHtre in 24 hours. 

A* different process is given by the Chem. 
Fabrjk Griesheim Elektron (Swiss Pat. 70162; 
Eng. Pat. 14113, lfft4), consisting in passing 
acetylene and oxygen alternately or simul¬ 
taneously into acetic or other organic acid con¬ 
taining water to vjjiich a suitable mercury 
catalyst has-been add^l. It docs not appear, 
however, # to offer much advantage over the 
methods involving the previous isolation of the 
acetaldehyde. 

•> 

Halogen Derivatives. 

Iodine Compounds.—Acetylene unites with 
iodine somewhat slowly to form acetylene 
di-iodido (sym. diodoethylene) C a H a I a , which 
exists in two stereoisomeric forms, a solid, 
m.p. 73° (or 78° ?), b.p. 192° ; and a 
liquid form, m.p.—21°, b.p. 186°, D ao =3 , 06 
(Berthelot, Annalen, 132, 122; Sabanejew, 
Annalen, 178, 118 ; 216, 276; Plimpton, Trans. 
Chem. Soc. 41, 391; Patemo ana Peratone* 
Gazz. ohim. ital. 19, 580: 20, 670; Biltz, Ber. 
30, 1200, 1207; Nef, Annalen, 298, 341 ; de 
Chalmofc, Amor. Chem. J. 19, 877; Keiser, 
Amer. Chem. J. 21, 261; Erdmann, Ber. 38, 
237 ; Chavanne and Vos, Compt. rend. 168, 
1682). 

With alcoholic potash the liquid f®rm yields 
acetylene and di-todo-acetylene C a I a ; chlorine 
converts it into the tetrachlor ^grivati^s. 
Keiser and McMaster have shown (Amer. Chem. 
J. 46, 518) that the solid form can be made to 
yield fumaric acid and therefore has the trait* 
form, whilst the liquid cis form yields maleic 
acid. 

Di-iodo-acetylene C a I t is formed on treating 
calcium carbide with a solution of iodine in 
potassium iodide* tetraiodoethylene being also 
formed (Biltz, Ber. 30,1200 ); or by the aotion of 
silver acetylide on an ethereal solution of iodine 
(Berend, Annalen, 135, 258; Baeyer, Ber. 18, 
2275). It can also be produced from tetra-iodo 
ethylene (Nef, Annalen, 298, 341 ; Schenk and 
Litzendorff, Ber. 37, 346) and from iodo- 
propiolic acid (Nef, Annalen, 308, 325). It is 
best prepared by the method of Biltz (l.c.), by 
leading acetylene into 2N caustic soda lye into 
which a solution of iodine in polffesium iodide is 
allowed to drip. Thus obtained it is a white 
^amorphous precipitate which crystallises in 
needles from ligroin, m.p. 82°. It is an evil- 
•melling substance with pronounced action on 
the mucous membrane; it has strong anti¬ 
septic properties (Biltz and Kiippers, Ber. 
37, 4415; Mebert, Archiv. f. expenm. Path., 
etc. 41, 114; Low, Chem. Zentr. 1899, 1, 214). 
The action of heat or actinic rays converts- it 
into C a I 4 . With nitrous fumes it yields nitro- 
tri-todo ethylene CI a : CINO a (Meyer and Pemsel, 
Ber. 29, 1411; Biltz and Werner, Ber. 30, 
1200; 33, 21fl*(f; Biltz and Kiippers, l.c,; 
Chahnot, Amer. Chem. J. 19, 877 ; Ner, Annalen, 

I 298, 202). # 

Magnesium acetylene iodide is krufwn and 

• * * 
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forma a thick oily liquid (Yocichi, J. Buss. Phys. 
Chem. Soc. 38, 1040). ♦ 

Bromine .Derivatives. Brm-acetykne 
CBr|CH is formed by the decomposition of 
e^ylene dibroraide with alcoholic potash : 

CHBr: CHBr—H^r = CBr j CH | 

It condenses to a oolourless^Iiquid, b.p. about 
—2°. Both liquid and vapour are spontaneously 
inflammable. It bums witfh very great energy 
in air, partially carbonising and forming 
HBr, CO. and CO a . Its solutions show phosphor¬ 
escence and smell strongly like phosphorus. 
In daylight it polymerise*, about 10 p.o. of the 
product being sym. tfribrom-benzene (Reboul, 
Annalen, 126, 81 ; Schmelz and "Beilstein, 
Annalen, Spl. 3, 280 (1866); Sabanejew, Ber. 
18; Kef. 374; Nef, Annalen, 298. 365; 308, 
325 ; Gray, Trans. Chem. Soc. 71, 1029). 

Di-brovn-acetylene CBr j CBr, is formed by 
treating tribromethylene with alcoholic potash 
(Lemoult, Corapt. rend. 136, 65; 137, 1333 ; 
Lawrie, Amer. Chem. J. 36, 490). It forms an 
oil insoluble in water, possessing an unpleasant 
isonitrile odour, b.p. 76°-77°. It is very 
poisonous and is spontaneously inflammable. 
With bromine it forms tetra-brcmelhylene C a Br 4 , 
and with iodine it forms dibrom-diodoethylene 
BrC : CI 8 , m.p. 05°-96 0 . Acetylene itself reacts 
with bromine to form acetylene, dibromide 
(dibromethvlene) CH&r : CHBr, using dilute 
bromine solutions and keeping the acetylene in 
excess; the product is a colourless liquid, 
b.p. 110°, D 17 —2*271. It is also produced by 
the action of zinc and alcohol or amalgamated 
zinc on acetylene tetrabromide (Sabanejew, 
Annalen, 178, 115; 210, 251, 267; Ber. 18; 
Ref. 374 l Weger, Annalen, 221, 72; Anschutz, 
ibid. 221, 141; Moureau, Buy. Soc. chim. [31 
21, 99; Elba and Newmann, J. pr. Chem [2] 
68, 246; Swarts, Chem. Zentr. 1899, 1, 589; 
Gray, 71, 1023). Van de Wallo (Bull. Soc. 
chim. Belg. 27, 209) has shown that acetylene 
dibromido prepared by the reduction method 
consists of a mixture of two isomers which can 
be separated by the fractional distillation of the 
binary mixtures with ethyl alcohol. The two 
forms have m.p. —6*6° and —53°, and the 
equilibrium mixture consists of about one part 
of the former and two parts of the latter. 

If acetylene be treated with excess of bromine 
the tetrabrom derivative is formed, C 2 H 2 Br 4 
(acetylene tetrabromide , tetrabrom ethane) 
(Reboul, Annalen, 124, 269; Sabanejew, 
Annalen, 178, 112, 121; 216, 255 ; Bourjoin, 
Ann. Chim. Ph^. [6] 4, 423; Anschutz, Annalen, 
221, 138; Wojzio, Ber. 16, 2891 ; Crossley, 
Proc. Chem. Soc. 14, 248; Hofmann and < 
Kirmreuther, Ber. 41, 314 ; Elbs and Newman, 
J. pr. Chem. [2] 58, 245; Muthmann, Zeitsch# 
f. Krvstallographie, 30, 73). An unsymmetrical 
tetrabrom ethane is also known (Lennox, 
Annalen, 122, 124 ; Sabanejew, Annalen, 216, 
256; Anschutz, Annalen, 221, 140). 

Perbrom^ethylene C 2 Br 4 forms colourless 
crystals of m.p. 56°, b.p. 226°-7°, and is prepared 
either by the addition of bromine to dibrom- 
aoetylene (v. *.) or by the action of bromine on 
an aqueous suspension of silvfci* acetylide, and 
by distilling hexabromethana (Lowig, Pogg. 
Ann. 16. 377; Lennox, Annalen, 122, 126; 
Reboul, Annalen, €24, 271 ; Mere and l^eith, 


Ber. 11, 2238; Holand, Annalen, 240, 237; 
Nef, Annalen^ 298, 332; Biltz, Ber. 35, 1530). 
By the action of sodium ethylate tetrabrom 
ethylene yields asymm. dibrdm-vinyl ether, 
bromaoetio ester, tribromvinyl ether, and 
aldehyde resin (Nef, Annalen, 298, 334). 
Fuming nitric acid oxidises it to tribrom-acetic 
acid, i'r in presenoe of cone, sulphuric acid 
tribroni acetyl bromide is formed (Biltz, Ber. 
35, 1536). 

Various mixed halogen compounds derived 
from acetylene are also known but are of little 
importance. 

Chlorine Derivatives.—Owing to the cheap¬ 
ness of chlorine its compounds with acetylene 
are easily and economically produced, and 
constitute an important technical application 
of acetylene. 

(Mor-acetylene. CClj CH is a gas with 
explosive properties (Wallach, Annalen, 203, 
88; Zincke, Ber. 23, 3783; V. Meyer, Ber. 23, 
3783; Hofmann and Kirmreuther, Ber. 42, 
4232 ; Mourelo and Banus, Anales. soc. Espan. 
(is. quim. 9, 84). 

Dichlor-acetylene CC1 • CC1 has been obtained 
by Boeseken and Carribre. (Verslag, Akad. 
Wetenschappen, 22, 1186) by heating the 
barium salt of trickloracrylie acid : 

Ba(CCl a : CCl-000) a =BaCl a +2C0 8 +2CCl: CC1 

It is a colourless gts with all' unpleasant odour ; 
it can be condensed to a colourless liquid, m.p. 
—50°, which is explosive. Mixed with hydrogen 
it inflames spontaneously in the air. It is also 
possible that dichloracetylene is formed to 
some extent when calcium carbide is treated 
with chlorine (Davidson, Amer. Chem. J. 40, 
397). For instance, by treatment of benzene 
with powdered calcium carbide and chlorine, 
tolane dichloride is formed, a reaction best 
explained by the intermediate formation of 
dichloracetylene; direct evidence was also 
obtained that the gas is formed under these 
conditions. 

Acetylene tetrachloride (tetrachlorethane) 
CHCI a CHCl 2 is tho most important halogen 
derivative of acetylene from a technical point 
of view, as it is the direct product of the action 
of chlorine on acqfcylene and is the starting 
point for numerous other derivatives. Chlorine 
is without action on acetyleno in the pure state 
and m the absence of light (Schlegel, Annalen, 
226, 154). In diffused daylight the dichlor- 
and tetrachlor derivatives are formed in 
succession: 

C a H a +Cl* = C a H a Cl a C a H a Cl a -fCl a - CjHjCL 
(Romer, Annalen, 233, 214). Traces of impuri¬ 
ties, particularly air (Mouneyrat, Bull. Soc. 
ch^n. [3] 19, 447, 452, 454), cause violent 
explosive decomposition during the reaction, 
with formation of free oarbon and hydrochloric 
acid: 

C a H a -f Cl 8 = 2C+2HC1 

To avoid this danger and to render the reaction 
safe and dependable, various devioes are 
adopted chiefly depending upon the presenoe of 
suitable catalysts, such as iodine ohloride 
(Sabanejew, Annalen, 216, 241, 262), antimony 
pentachloride (Berthelot and* Jungfleiach, 
Annalen, Suppl. ,7, 252 (1870)), aluminium 
chloride (Mouneyrat, Bull, Soc. chim. [3] 19, 
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448; Compt. rend. 126, 1805). For this reason 
most of the early patents on the subject deal 
with methods for avoiding the danger of ex¬ 
plosion during*the reaction and effecting a 
smooth and continuous combination of the 
gases. The following processes may be noted : 
Askenasy and Mugdan (Eng. Pat. 18002, 1904) 
prepare the sym. tetrachlorethane by Massing 
aoetylene and chlorine alternately in® anti¬ 
mony pentachloride, which latter should be free 
from excess of chlorine and may be diluted with 
tetrachlorethane; or the two gases may be 
driven in simultaneously into two halves of a 
vessel separated by a perforated diaphragm. 
H. K. Tompkins (Eng. Pal. 19568,1904) advocates 
the use of a mixture of antimony tri- and 
pentachloride at 40° to 50° and distilling the 
product; the reaction appears to be 

C a H a -fSbCl 6 —C 9 H a 'Sb(Jl 6 
C a H a -SbCl 6 +SbCl B =0 2 H 2 Cl 4 +2Sb01 8 


G. Dreyfus, H. K. Tompkins, and the Clayton 
Aniline Co. (Eng. Pat. 8438, 1909) describe 
the production of antimony chloracotylido by 
passing acetylene into antimony pentachloride. 
The use of antimony chlor- or brom-acotylides 
is claimed by Dreyfus, Tompkins, and the 
Clayton Aniline Co., as a catalyst for use in the 
production of halogen mdigos and thioindigos 

i M. Lidholm (]?ng. Pat. &094,1905) recom¬ 
mends diluting the gases with an indifferent gas 
such as carbon dioxide and exposing the mixture 
to actinic rays. Chemisohe Eabrik Griesheim 
Elektron (Eng. Pat. 13411, 1907) claim the pro¬ 
duction of tetrachlorethane by mixing the 
reacting gases with solid diluents such as sand, 
infusorial earth, clay, &o. f and exposing to 
actinic rays in presence of the solid. After the 
gases have been mixed they may lie passod into 
liquids such as the chlorides of antimony or 
solutions of these in the tetrachlor compound. 
G. Omstoin (Eng. Pat. 2375, 1911) also advises 
the use of a non-volatilo catalyst such as iron. 
Salz berg work Neu Stassfiirth fl). R. P. 174008) 
suggest the use of sulphur chloride to which a 
small amount of iron has been added. The 
Consortium f. Elektrochemische Industrie (Eng. 
Pat. 25967, 1910) claim that ferric chloride is 
an efficient catalyst; it is possible that the two 
preceding patents'also depend on the formation 
of ferrio chloride as the real catalytic agent. 
( Cf . also E. P. 132757, Soo. d. prod, cbini. 
d’Alais.) 


In practice the use of antimony pentachloride 
appears to find most favour. The apparatus 
used consists of a vessel fitted with a stirrer and 
divided by a partition which, however, allows 1 
the intermixing of*the liquids. The vessel is 
partially filled with a solution of antinxTny 
pentachloride in tetrachlorethane and acetylene 
is passed into one side .whilst chhfine is led into 
the other; the aoetylene compound is thus 
continuously formed in the one chamber and 
decomposed by the excess of chlorine on coming 
into the other. The vessel gradually fills with 
the acetylene tetrachloride so formed until a 
liquid containing a? little as 1 p.c. of the catalyst 
remains. Th^ aoetylene is then stopped, a 
small amount of chlorine is added to decompose 
the double compound and the tetrachloride is 
distilled off, purified with lime or chalk and 


distilled in steam!* The yield is about 95 p.c. 
The jfcocess is used in England by the Weston 
Chemioal Co., in France by .the Compagnie 
Generate d’Elektrochemie dtf Bozel, Paris, and 
in Germany by the Consortium fur Elektm- 
chenjsche Industrie in Niimberg, and by the 
Bosifsohe Elektrizi^jfs A.G. in Jajce. The 
Salzfiergwerk Nei# Stassfiirth make use of 
Omstein’s process using iron as a catalyst, 
though probably ferric chloride is the real 
agent. 

Acetylene tetrachloride forms a colourless 
liquid of b.p. 147^ D 0 = 1-014, m.p. —36°. 
It is the most important of the acetylene halides 
as it is t^je mother substaace of a large number 
of derivatives (v. infra). Like the latter it 
is non-inflammable, and as it possesses very 
great solvit power for organic substances, 
especially fats, varnishes, &c., it attained to 
some importance in industry. It is a good 
solvent for sulphur, phosphorus, and the 
halogens. It also dissolves aoetyl-cellulose and 
was used for this purpose under the name 
‘Acetosol’ (cf. Lederer, D. R. P. 175379; 
Walker, U.S. Pat. 1035108). It can be distilled 
unchanged either alone or with steam, and does 
not attack metals in the dry state. In the 
presence of moisture, however, certain metals, 
notably zinc and iron, remove halogen leaving 
acetylene diohloride. It is Btable to -strong 
acids but is readily attacked by alkalis or 
magnesium hydroxide, yielding trichlorethylene. 
Heated alone or with A1C1, or ThO a triohlor- 
ethyleneis formed "lowly, and prolonged beating 
causes the formation also of perchlorbenzene 
(Berthelofc and Jungfleisch, Annalen, Suppl. 
7, 252 (1870); Nicodemus, J. pr. Chem. 83, 312). 

The Salzbergwerk N. Stassfiirth (D. R. ^P. 
185374) recommend the addition ol organic 
compounds such as turpentine to the tetra¬ 
chloride to take up any hydrochloric acid that 
may be formed, thus keeping the solvent in a 
neutral condition suitable for use. A. Schmitz 
(Fr. Pat.417649) olaims the production of emul¬ 
sions of tetrachlorethane with soap solutions. 

Owing, however, to the strong narcotic and 
poisonous aotion of the tetrachloride, causing 
jaundice, fatty degeneration of the organs, 
albuminuria and hemoglobinuria, its use as a 
solvent is now considerably restricted, particu¬ 
larly as its various derivatives are equally 
suitable for most purposes and are less poisonous 
(cf. Grimm, Heffter and Joachimaglu, Vrtljsohr. 
Med. Offent. Sanitatsw. 48, 1; Report of H.M. 
Inspector of Factories, 1914). 

Trichlorethylene C 2 HC1 8 is Obtained from 
acetylene tetrachloride by heating in a vat with 
1 milk of lime or solid lime (Consort, f. Elektro* 
chem. Ind. D. R. P. 171900, 208854). The 
tyield is practically quantitative. It is also 
produced by passing ammonia into a mixture 
of acetylene tetrachloride and aloohol (Tomp¬ 
kins, Eng. Pat. 19568, 1904), and, admixed with 
hexachlorbenzene, by passing the tetraohloride 
through a tube heated to 400° or 500° (Tompkins 
and Clayton Aniline Co., Eng. Pat. 23780,1906). 
Another process by the Griesheim Elektron Co. 
(D. R. P. 263457^consists in passing the vapours 
of acetylene tetrachloride over heated metallic 
chlorides such as copper or barium chlorides; 
it is, however^less easy to obtain a pure product 
by t&is method. It may afto bo obtlined by 
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passing the tetraohloride over ThO, heated to 
a temperature not exceeding 890° (Chem: Fab. 
Biickau, D. R. P. 274782). 

Trichlorethvlene' forms a colourless liquid 
85°, 1)0=1*47, which is practically im¬ 
miscible with water. K has great solvent 
power for fats, waxes, resVis, rubber and tyher 
organio products, and also*for sulphur and 
phosphorus, on which account it is used on a 
considerable scale for fat-extraction and the 
like in place of benzene or carbon tetrachlorido. 
It has the advantage over acetylene tetra¬ 
chloride in that it is less tewio (Chem. Zeit. 31, 
1095; 32, 256, 529; Axch. Hyg. 1911, 74; 
Lach, Seifensieder, 19 W, 15). Neumann (Chem. 
Zeit. 35, 1025) states that the trichlor compound 
gives satisfactory results as a fat solvent (cf. also 
van Lennep and Ruys, Chem. WeekUad, 9, 654). 
Soaps containing ‘ Tri ’ (trichlorethylene) such 
as 1 Westrol,’ ‘ Triol,’ * Tripur,’ &c., are used for 
cleansing textile materials from grease (cf. 
Schmitz, I). R. P. 255901). Trichlorethylene 
has also advantages over tetrachlorethanc in 
that it is more resistant to chemical action, is 
unattacked by dilute acids, or by alkalis or 
lime, and is practically without action on the 
common metals such as iron, copper, lead, tin, 
or zinc, even in the presence! of moisture. At 
rftim temperature it oxidises slowly yielding 
carbonyl chlorido, hydrochloric acid, and 
dichloracetyl chloride (Erdmann, J. pr. Chem. 
85, 78; Staudingor, ibid. 85, 330). Under 
suitable conditions it can be made, however, to 
undergo various important transformations; 
thus, by heating with strong alkali glyeollic 
acid is formed (Consort, f. Elektrochom Tnd., 
1). R. P. 257878), 

Cffcl: CCfj+jKOH 

= V H 2 ( O H) 'COOK+3K Cl -f H a O 

Traces of dichloracetylenc are also formed. On 
passing through a heated tube it is partly 
converted into hexachlorbenzene (Nicodomus, J 
pr. Chem. 83, 312). In the presence of catalysts 
chlorine is added on with the formation of 
pentachlorethano (v. infra). On heating with 
sodium ethylate or a mixture of caustic soda 
and alcohol, dichlorvinylelhcr (dichlorethoxy- 
ethylene) is formed (Tompkins, Eng. Pat. 678, 
1906; Imbert, Eng. Pat. 5014, 1907), which on 
further treatment with water or alcohol readily 
jjpyes chloracetic ester in good yield (Tompkins, 

C*HCl|H-Na00 2 H 6 =NaCl+C a HCl a , 0C a H 6 
C 8 HCl a -0C a H 6 4'H l 0=HCl+ClCH 2 'C00C a H 6 
According to Imbert (Eng. Pat. 5013,1907) heat- 


monochloraoOtic acid; the Soc. des prod. ohim. 
d’Alais also describe a continuous process for 
producing the acid from triohlorethylene by 
allowing the latter to aot upon dhlphunc acid of 
90 p.o. concentration at 160°-200° C., water 
being added continuously as required and the 
resultant monochloracetic aoid being carried off 
by thet excess of trichlorethylene (Eng. Pat. 
132042)1 

Dichlorvinyl ether , b.p. 128'2°, D 10 =>108, 
is an extremely reactive substance opening the 
way for a number of interesting organic syntheses. 
Thus hydrochloric acid or chlorine add on 
directly and the products on distillation split 
up into chlor- or dichlor-accfcyl chloride 
C a HCl a *OC a Hr ( -f-HCl = C a H 2 Cl 3 *OC a H 5 

= C10 a H B -f- ClCH a *COCl 
( cf. Tompkins and Clayton Aniline Co., Eng. 
Pat. 5404, 1908). Chloracetyl chloride made by 
this process has been placed on the market by 
the Consortium. 

A furthor use for trichlorethylene is given 
in Eng. Pat . 90,1908, by the Badische Anilin und 
Soda Fabrik, in widen by treating trichlor - 
ethylene with a salt of thiosalicylic acid, omega - 
chlorovinylthtostilicylie acid is produced which 
can bo readily converted into * thioindigo. 
With mercuric cyanide trichlorethylene 5 yields 
mncMritrichlorethyh'tnde PWCC1: CC1) 8 (Hof¬ 
mann and Kirmretther, Ber: 41, 315). 

Dichlororthylene C a H a Cl a is prepared 
technically from tetrachlorethane by refluxing 
with zino dust and water : 

C a H a Cl<+Zn = C a H a Cl a +ZnCl a 

(Askenasyand Mugdan, Eng. Pat. 19576, 1907). 
Aluminium or iron powders may also be used 
instead of zinc, but in that case require heating 
to 140° in an autoclave. The dichloride may 
also bo prepared by the direct union of acetylene 
and chlorine, avoiding any excess of the latter 
and using antimony pentachlorido as a catalyst 
(Tompkins) Eng. Pal. 19568, 1904), or diluting 
the gases and exposing to actinic rays (Lidholm** 
Eng. IVt. 22094,1905), or by heating the gases W? 
150° in capillary tubes (Chem. Fab. Griesheim 
Eloktron, Eiig. Pat . 16620,1912). The commercial 
product consists of a*nixture of the two stereo- 
isomers of b.p. 48° and 60° respectively, and 
densities 1*265 and 1*291, in consequence of 
which it has no constant boiling-point (Chavanne, 
Corapt. rend. 154, 776; Bull. Soc. chim. Belg. 
26, 287; 28, 234). The equilibrium mixture 
contains about four parts ‘ cis ’ form (b.p. 60°) 
to one paitf ‘ trans ’ (b.p. 48°) form. Askenasy 
and Mugdan (Zeit. f. Elektrochemie, 15, 773) 


ing the diohlorethoxy ethylene with the theo- ^suggest the production of the dichloride fo 
retical quantity of water yields the chloracetic ] *—'— - l - , — 

ester, whilst excess of water yields chloracetic^ 
acid directly. Chloracetic acid or its ester react 
readily with aniline yielding phenylglycine 
which oan be converted into inaigo, thereby 
offering an alternative route to the usual 

f rocees starting from acetic acid (cf. Chem. 
eit. 35, 1053). 

Later processes claim the production of 
monochloracetic acid in good yields by the use 
of concentrated sulphuric acid 'al 150 -200°‘C., 
as the hydrating agent (L. V. Simon and Gf C. 

Chavanne, Eng. Pat. 129301), 100 gms. triohlor- 
ethylene under suo£ conditions affording fiT/j^s. 


electrolysing the tetrachloriCe in zino chloride 
soliftion^ the zinc being regenerated electrolyti- 
cally. 

Dichloreth^ene resembles trichlorethylene 
and perchlorethylcne and is unattackea by 
metals or alkalis. It can be used as a rubber 
solvent (Fischer, E. R. P. 211186) and owing 
to its low boiling point has been recommended 
as a substitute for ether for fat extraction, &o. 
Its vapour is inflammable but the flame is 
readily extinguished. (For other details see 
also Berthelot and Jungfleisch, Annalen, Sppl. 
7, 253 (1870); Sabanejew, Annalen, 216$ 262.) 

Pentachlorethane C fl HCl 5 is prepared by 
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passing chlorine into trrchlorethyfene, 'preferably 
m the presence of aotinio rays, from whioh it is 
formed in almost quantitative yield; after 
washing with water and lime to remove excess 
bf chlorine it is distilled in steam and foims a 
liquid b.p. 159°, D= 1*685, and in other respects 
closely resembles tetrachlorethane (Salzbergwerk 
Neu Stassfiirth, Eng. Pat. 1105, 1912). if has 
somewhat similar solvent powers to the Cetra- 
chlor compound, and is also very sensitive to 
alkalis, yielding perchlorethvlene C.C1 4 . It 
does not attack metals in a ary state but does 
so in the presence of moisture. (For other 
methods of preparation see Regnault, Annalen, 
33, 321 ;• Pierre, Annalen, 80, 130 ; Patemb, 
Annalen, 151, 117 Mounevrat, Bull. Soc. chim. 
[3] 19, 201.) 

Perchlorethylene ( tetrachlorefchylene) C 3 C1 4 : 
is prepared by treating pentachlorethane with 
milk of lime; b.n. 119°, D= 1*024. Its other 

f roperties are similar to those of trichlorethylene. 
t does not attack metals even in a moist state 
and is stable to alkalis. It has a certain 
limited use as a cleaning agent for textiles. It 
is also a by-product in the manufacture of 
carbon tetrachloride (r.f. Faraday, Ann. Chim. 
Phvs. [2] 18,#53 ; Regnault, Annalen, 33, 325, 
333; Geuther', Annalen, 107, 212; 111, 175; 
Prudhomme, Annalen, 156, 342; Schiff, 

Annalen, 220, 97 ; Bwrgoin, Ann. Chim. Phys. 
[5] 6, 142; Geuther and Fischer, Zeitsch. f. 
Chemie, 1804, 269; Geuther and Brockhoff, J. 
pr. Chem. [2] 7, 102; Goldschmidt, Ber. 14, 
929 ; V. Meyer, Ber. 27, 3160 ; Besson, Compt. 
rend. 118, 1347; Mouneyrat, Bull. Soc. chim. 
f3] i9, 182; Biltz, Ber. 35, 1629). Heating 
with fuming sulphuric acid yields trichloracetic 
acid (Prudhomme, Zeitsch. f. Chemie. 1870, 
380; Biltz, Ber. 35, 1533). 

Hvxachlorethane (Perchlorethane) C,Cl fl is 
produoed by exhaustive chlorination of the 
lower chlorinated ethane derivatives (c/. Fara¬ 
day, Ann. Chim. Phys. [2] 18, 48; Regnault, 

§ 89, 105; Annalen, 33, 323 ; Hiibner and 
er, Zeitsch f. Chemie, 1870, 328 ; Mouneyrat, 

. Soc. chim. [3] 17, 797; 19, 454 ; ibid. [3] 
17, 794; Miohel, Zeitsch. angew. Chem. 19, 
1095). It is also formed on passing chloroform 
through a ved-hot tube (Ramsay and Young, 
Jahr. d. Chemie, 1880, 628). It occurs as a 
by-product in the production of carbon tetra¬ 
chloride (V. Meyer, Ber. 27, 3160), and is formed 
from oarbon tetraohloride by heating to 160° 
with amorphous arsenio (Auger, Compt. rend. 
145, 809), or by passing through a heated tube 
(Rolfes, Annalen, 54, 147). .. • 

It is formed readily by refluxing carbon 
tetrachloride with Aluminium amalgam (Hof¬ 
mann and Seiler, Ber. 38, 3058), and is also 
formed by direct synthesis if an electrio arc f$e 
formed in a chlorine atmosphere (v. Boltom. 
Zeitsch. f. Elektrochemie, 8, 16$; 9, 209 ; 
Lorenz, Annalen, 247, 245; Zeitsch. angew. 
Chem. 0, 313 ; Zeitsch f. Elektrochemie, 8, 203). 
On a commercial scale it can be conveniently 
prepared by the exhaustive chlorination of 
acetylene tetraohloride in the presence of 
aluminium chloride (cf. Mouneyrat, l.c.). The 
Sahberewerk Nfeu Stassfurth (D. R. P 174068) 
claim the production of the hexachlor compound 
by leading acetylene and chlorine alternately 
into a heated mixture of sulphur chloride and 
Vo V 


powdered iron. The same firm also claim a 
process for chlorinating tetraohloroethane in Hie 
presence of an artificial source of light rich In 
actinio rays (Eng. Pat. 1105, 1912), The 
penta-ohlor oompound is formed at the same^ 
time ^ad may be separated by allowing the 
mass tyo crystallise then pressing the 
product. ” e 

Hexachlorethane forms colourless crystals 
melting at 187° to 188* ; its b.p. is 185° so that 
it usually sublimes without melting on being 
heated. Sp.gr.=2*091. It has a camphor-like 
odoiir and is used to some extent in the explosives 
industry as a camphor sftjastitute in the prepara* 
tion of safety explosives. Seated with alkali 
to 200° it yiolds oxalic acid; nascent hydrogen, 
alcoholic alkali hydrosulphite, or heating with 
silver to 280°«oonverts it into perohlorethylene. 
Heating with antimony pentachloride to 450° 
oonverts it completely into carbon tetra¬ 
chloride (Hahn, Ber. 11, 1735; Schrdder, Ber. 

13, 1070; Berthelot, Annalen, 109, 121; 
Geuther, Annalen, 107, 212; 111, 174; Arm¬ 
strong, J. pr. Chem. [2] 1, 251 ; Geuther and 
Brockhoff, J. pr. Chem. [2] 7,174 ; Prudhomme, 
Annalen, 150, 342 ; Hartmann, Ber. 24, 1023; 
Gossner^Zeitsch. f. Kryst. 38, 151) 

Heated in the presence of water it is con¬ 
verted gradually into perchlor-ethylene. • 

A general discussion of the above chlorinated 
derivatives of acetylene and their applicability 
in industry will be found in the following: 
Chem. Zeit. 31, 1095; 32, 250; 35, 1053; 

J. Soc. Chem. Ind. 35, 94. 

Vinyl chloride (Chlorethylene) CH a : CHC1 
is produced by the addition of hydrochloric acid 
to acetylene in the presence of a suitable catalyst 
such as pumice sdaked in mercuric ^llorid^ 
Hydrogen chloride* and acetylene in molecular 
proportions are passed through kibes containing 
the contact mass heated to 180°. The yield is 
stated to be quantitative (Chem. Fab. Griesheim 
Elektron, I). R. P. 278249, 288584, Eng. Pat. 
21134, 1913). It is a colourless gas which 
condenses to a liquid in a freezing mixture. 

It is sparingly • soluble in water, readily 
so in alcohol. In sunlight it polymerises to 
a transparent white mass (Regnault, Annalen, 

14, 28 ; Wurtz and Frapolli, Annalen, 108, 223 ; 
Baumann, Annalen, 163, 317 ; Glinsky, Zeitsch. 
f. Chemie, 1807, 670 ; Villard, Ann. Chim. Phys. 

[7] 11, 387; Biltz, Ber. 35, 3524). So far it - 
does not appear to have any speoial technical 
application. 

The diagram on next page may serve to 
illustrate the chief chemical tiStnsformations 
which acetylene may be made to undergo on a 
technical scale. 

• Acetylene Homologues. 

The higher members of the acetylene series are 
of relatively slight importance. They may be 
made by the various general methods given for 
acetylene itBelf, such as by heating the mono¬ 
halogen derivatives of the ethylene series with 
alcoholic potash, &c. They may also be prepared 
by treating sodium ocetylide with alkyl halides 
in liquid ammonia gt —50° to —30° (Lebeau and 
Picon, Compt. i&id. 156, 1077; Pioon, ibid. 
158, *1346). Another general method is de¬ 
scribed by Seblechter (D. R. P. 253802), who 
claimrthe production of dimethyl aoetylftie and 
* * s 
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ethyl acetylene by heating calcium carbide with 
methyl or ethyl alcohols respectively, under 
pressure at 60° to 250°, the products obtained 
depending partly on the temperature: 

CaC 2 +2CH 8 OH = Ca(OH) a +C 4 H B 
The following members of the. acetylene series 
have been identified as occurring in coal-gas : 
allylene, ethyl-acetylene, propyl-, isopropyl-, 
butyl-, isobutyl, methyl-ethyl, and methyl- 
propyl-acetylenes, and crotonylene (Harzer, 
i. Gasbeleuchtung, 57, 622). 

The Chem. Fabrik. Florsheim (Amer. Cfaem. 
Abstr. 1912, 1072) state that a general method 
for the preparation of the dialkyl acetylenes is 
to heat the monoalkyl acetylenes at 170° with 
alcoholic poterh, the methyl alkyl acetylenes 
being always formed. The reverse action 
takes place on boiling with metallic sodium. (l 

Methyl-acetylene, or Allylene, CH 8 -C;CH, 
is formed by the action of alcoholic potash 
brompropylene: 

CH 3 'CBr: CH-FKOH=GH 8 *C*CH-f KBr-f-H 2 0 

also by acting with sodium on dichloracetone 
chloride: 

CH a *CClg*CHCl 2 -f 4Na = CH a C :CH+4NaCl 
or by electrolysing the alkali salts of citraconic 
or mesaconic acids, or by the action of magne¬ 
sium on acetone vapour an defeating the solid 
mass thus obtained with water (Reiser, Amer. 
Chera. J. 18, 328; Desgrez, Bhll. Soc. chin!. [3] 
11, 391 fc * Lespieau and Chavanne, Compt. rend. 
1.40,1035). *° 


Allylene is a colourless gas, b.p. —23‘5°; 
m.p. —100°; very similar to acetylene and, 
liko it, forming compounds with metals. The 
mercuric compound (C 8 H 2 ) a Hg is obtained 
by passing allylene through water containing 
mercuric oxide in suspension. It crystnlli* 
from hot alcohol in fino needles. It is solunP 
in hydrochloric acid with evolution of allylene, 
but docs not expire on heating (Reiser) l.c .; 
Loosen and Domo, Annalen, 342,187 ; Plimpton 
and Travers, Cliem. Soc. Trans, 1894, 264; Biltz 
and Mumm, Ber. 37, 4417 ; Hofmann, Ber. 37, 
4459). The silver compound (C 8 H a ) 2 Ag forms 
microscopic needles whieh explode at about 150°. 

According to Berthelot (Compt. rend. 126, 
561, 567, 609, 616) allylene when subjected 
to the silent electric discharge condenses to a 
solid with a pungent empyreumatic odour; 
with nitrogen the substance Q 15 H ao N is formed. 

, Allylene forms with 3 bromine additive 
products, C 8 H 4 Br f and C 8 H 4 Br 4 , and with 
h alogen acid compounds of the type CH 8 -CC1 2 *CH 3 . 
Concentrated sulphuric acid absorbs allylene 
readily, and on distilling the solution with water, 
acetone, mositylene and allylene sulphonic acid, 
C 8 H 8 S0 8 H, are formed (Schrohe, Ber. 8, 18, 
367). With hypochlorous and hypobromous 
acids, allylene forms dichlor- . and dibrom- 
acetones, and trimethyl allylene yields the 
halogen pinacolins (Wittorf, Chen^ Zeit. 23, 6*5). 

Butinw.— 1 . Ethyl acetylene C a H 6 -C:CH. 
Formed by the sCfction of alcoholic potash on 
CfHj’CClg'CHj (Bruylants, Ber. 8, 412) by 
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passing acetylene and ethylene through a rad- 
fjot tube (Berthelot, Ann. Chim. Phys. [4] 9, 
160) from dibrom-butane by the action of 
ilcoholio potash (Dupont, Compt. rend. 148, 
1522). 

The compound is a liquid boiling at 18°, 
and forms precipitates with ammonical tapper 
ind silver solutions; f.p. —130°. I 

With ammoniacal silver chloride and alcoholic 
silver nitrate it forms explosive compounds 
Wislicenus and Schmidt, Annalen, 313, 221); 
it also yields a sodium derivative (Jociez, Chem. 
Zentr. 1897, i. 1012). 

2. Crotonylene or dimethylacetylene 
DH 8 *Cj(*CH a is formed by acting with 
alcoholic potash on /3y-dibrombutane 
UHg-CHBrCHBrCHg; by the action of sodium 
ethoxide on monobrompsoudubutylcne 
CH,*CBr : CH-CCH S (Holz, Annalen, 250, 230); 
or by the decomposition of the salts of 0- 
bromoangelic acid (Wislicenus and Schmidt, 
lx. ). With bromine it forms a product C 4 H „Br 4 , 
which is solid, m.p. 243°; isocrotonylene 
dibromide, b.p. 149° to 150°, is also known and 
is not readily attacked by zinc dust (Wislicenus 
?,nd Schmidt, lx.). 

Orotonyli* mono- and hydro-bromides, as 
well as the iodide and chloride derivatives, have 
also been- obtained (Wislicenus, Talbot and 
Ifonge, lx .; Peratdher, Gaz^ chim. it&l. 22, 
ii. 86; Charon, Ann. Chim. Phys. 1899, 17, 
228 ; Favorsky, J. pr. Chem. [2] 42, 143). 

On shaking the hydrocarbon with sulphuric 
acid and water (3 : 1), hexamethyl benzene is 
obtained, 


3C 4 H 6 — C] 2 H 1B — C«(CH 8 ) 8 
The compound CH ;CC • CH, formed by the 
action of cupric chloride on copper acetylene, is 
described by Noyes and Tucker (Amer. Chem. 
J. 19, 123); pentachlorbutine C 4 HC1 5 by 
Zincke and Kuster (Ber. 26, 2104). Derivatives 
of the butines, some of which are used as dye- 
are described by Freund (Ber. 34, 3109). 
j^LPentines, C 8 H 8 , n-Penline, prepared by 
f®on by the action of propyl iodiae on sodium 
acetylide in liquid ammonia, is a liquid of 
b.p. 40°, and m.p. —95° (Picon, lx.). 

Isopropyl acetylene , prepared by the action 
of alcoholic potash on the dibromide of isopropyl- 
sthylone or methyl-ethyl-ethylene, b.p. 115° 
(Kalinine, J. Russ. Phys'. Chem. Soc. 38, 1042). 
in presence of aqueous solutions of cadmium or 
zinc chlorides at 150° it is converted quantita¬ 
tively into methyl propyl ketone (Kutscherow, 
Ber. 42, 2759). • 

On treating diallyl-tetrabromide with potash 
a liquid dibromodtaltyl is obtained, which boils 
at 210° and by the action of alcoholic potash 
this yields dipropargyl C 8 H 8 , a liquid boiling 
at 85° and isomeric with benzene, but haring 
the constitution, 


CH j C*CHyCH t .C • CH 
Uopropenyl axetylene CH a = C(CH a -C=£H 
forms a lhuid, b.p. 67-69°, nD, 0 14332, and is 
obtained by dehydration of 3-methylbutinol 
(v.e.) by means of anhydrous magnesium sul¬ 
phate at 230°«. (D.R.P. 290658, Fr. Bayer & 
Co.). It gives a white precipitate with ammo- 
niacal silver nitrate and a yellow precipitate 
with ammoniacal cuprous salts. It is of son» 


! interest owing to its close relationship with 
isoprene. F. A. M. 

ACETYLENE—COMMERCIAL APPLICA¬ 

TIONS. Although acetylene was discovered bj^ 
Davy as far back as 1830, its use as an illuminanr 
became practicable only in 1892, when Moissan 
in Fn&ice, and T. L. Willson at Spray, showed 
that it was possible to make calcium carbide on 
a commercial scale in«the electric furnace. (See 
| C aloitjm Caebidk.) 

Calcium carbide, as made in the eleotrio 
furnace, is a dark crystalline substance with 
a metallic lustre, havidg a density of 2 22. The 
pure compound, however, h^s been produced by 
Aloissan irf thin white semi-transparent plates, 
the colour of the commercial material being due 
to the presence of iron and other impurities. 

Water decomposes the carbide with repro¬ 
duction of lime and generation of acetylene : 

OaC 2 -f 2H s O = Ca(HO), + C 2 H a 
Calcium carbide. Water. Slaked lime. Acetylene 

In fcho early days of carbide manufacture 
jifctlo attention was paid to the purity of the * 
mateiials, with the result that the carbide 
formed contained impurities, some of which 
wen decomposed by water and gave products 
contaminating the acetylene. Since the im¬ 
portance of purity in the acetylene has been* 
recognised, everything possible is now done to 
reduce such impurities to a minimum. 

The impurities found in commercial carbide 
may be divided into those which can be decom¬ 
posed by water, and those on which water has 
no action. Amongst the former are substanoes 
evolving phosphorus compounds on contact with 
water, aluminium sulphide, organic sulphur com¬ 
pounds and metallic nitrides: whilst tUb lattA 
class contains suclf bodies as graphite, carbides 
of boron and silicon, carbides and silicides of 
various metals contained in the lime and in the 
ash of coke, these being left with the lime residue 
after the decomposition of the oarbide by water, 
and in no way influencing the purity of the gas. 

The purity of ^commercial acetylene depends 
primarily on the purity of the carbide from 
whioh it is generated, and as long as it is im¬ 
possible to get absolutely pure materials for the 
manufacture of the carbide, so long will im¬ 
purities be found in the gas made from it. The 
most important of these impurities are : 

(a) Phosphoretted hydrogen, obtained from 
the decomposition of calcium phosphide, &o., 
by water, and, in burning with the acetylene, 
gives rise to phosphorus pentoxidi^whioh forms 
a slight haze in the room in which the gaB is 
Jieing burnt. 

(o) Sulphuretted hydrogen, formed by the 
a<jfion of water on aluminium sulphide, &c., and 
yielding when burnt sulphur dioxide, whioh if 
dissolved by condensing moisture will absorb 
oxygen from the atmosphere, forming traces of 
sulphuric acid. 

(c) Ammonia, from the magnesium nitride, 
which rapidly corrodes brass gas-fittings, and 
on burning produces traces of nitrogen acids. 

Siliciuretted hydrogen is also found in small 
quantities in cructoaoetylene. 

Several processes have been devised for the 
purification of acotylene by the removal of these 
compqpnds as* well as of 4he hydrocarbon 
vapour? formed by the pglymeysation of the 
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gas due to high temperature during generation. 
The only Impurity tnat offers any real difficulty 
in removal is the phosphoretted hydrogen, and 
three substances have been suggested and used 
V practice for this purpose: (a) bleaching 
powder, (6) acid copper or iron salts^ ana 

(c) acid solution of chromic acid. 

The bleaching powder is employed in the form 
of small lumps, as offering the least resistance 
to the flow of the gas when in a slightly mois¬ 
tened state. Its action is purely that of oxi¬ 
dation, the phosphoretted and sulphuretted 
hydrogen being converted Respectively into phos¬ 
phoric and Bulphurio acids, the acetylene being 
unaffected. To obtain as large a curface as 
possible the bleaching powder is sometimes 
mixed with an inert body, such as sawdust or 
oxide of iron, but in whatever condition the 
bleaching powder is used the gas requires an 
after-purification for the elimination of chlorine 
compounds, for which purpose a lime purifier is 
generally employed. 

Bleaching powder, though an efficient purify¬ 
ing agent when in good order, is apt to be un¬ 
certain in its action, and cases have frequently 
oocurred of spontaneous firing and explosion 
when air has been admitted to purifiers con¬ 
taining this material that have been in use for 
some time, so that precautions are necessary 
when using this method of purification. 

An acid solution of cuprous chloride, or solids 
made by impregnating kieselgiihr or similar 
porous bodies with the acid copper salt, are 
also very effective in removing the various 
impurities, the phosphorus and sulphur com¬ 
pounds being transformed into copper phosphide 
and sulphide. The disadvantages of the process 
ale thaV a second purification with lime is 
required to remove acid vapours, and that the 
material being highly acid cannot be used in 
ordinary metal containers, whilst if the copper 
salt became neutralised by ammonia there might 
be danger of the explosive copper acetylide 
being formed. Under suitable conditions 1 kilo¬ 
gram of the material will purify 20 to 25 cubic 
metres of the gas, the acetylene not being acted 
upon, and the action being regular and certain. 

Chromic acid in solution containing sulphuric 
or acefcio acid, or kieselgiihr charged with this 
mixture, is the third purifying agent, and 
eliminates the phosphoretted and sulphuretted 
hydrogen and the ammonia. 'When exhausted 
the spent material can be regenerated by 
exposure to the air. 

In pracriv.c*these three materials seem to give 
equally good results, artd the passage of the gas 
through the solution or solid scrubs out of it< 
to a great extent the tarry fog and lime dust 
often meohanically held in the gas when it h%'< 
been generated too rapidly or at too high a 
temperature. 

.. Absolute purification is by no means neces¬ 
sary ; for ordinary use all that is required being 
to reduce theiimount of impurity below the limit 
at which the produots of combustion are injurious 
to health or cause haze ; and with a fairly pure 
specimen of carbide mechanical scrubbing is 
sufficient if a generator of 1H& non-automatic 
type it employed, and the gas is stored .in a 
Holder before use. 

Although tbeegeneration of aoetyle^ by 
^Jwinging calcium casbide in contact with water 


seems so -simple, yet in actual practice it was 
complicated by several difficulties, amongst 
which may be mentioned the heat of the 
reaction, which caused the polymerisation of 
some of the acetylene, and by the fact that the 
evolution of gas did not cease immediately 
the water supply was cut off, this being due to 
water nechanically held in the residue formed, 
to the dehydration of the calcium hydroxide 
by the unchanged carbide, as well as to the 
moisture condensed from the gas as the tem¬ 
perature of the generator fell. 

Acetylene. generators. —These can be divided 
into two main classes—those in which water is 
brought in contact with the carbide, the latter 
being in excess ; and those in which the carbide 
is thrown into water, the water being always in 
excess. Tho first class may be subdivided into 
those in which water* is allowed to rise to the 
carbide, those in which it drips on to the carbide, 
and those in which a vessel full of carbide is 
lowered into water and then withdrawn as the 
generation of the gas becomes excessive. 

Each of these types may be ‘ automatic ’ or 
‘ non-automatic. J In the former are to be 
found devices for regulating and stopping at will 
the generation of the gas within .’mits, whilst 
the ‘ non-automatic ’ variety aim at developing 
the £08 from the carbide with as little loss as 
possible and storing it in a bolder. 

The points to be aimed at in a good genera¬ 
tor are : 

(a) Low temperature of generation. 

(b) Complete decomposition of the carbide. 

(c) Maximum evolution of gas from carbide 
used. 

(d) Low pressure in every part of the ap¬ 
paratus. 

(e) Removal of all air from the apparatus 
before collection of the gas. 

Generators of the 1 drip ’ type, in which 
water is allowed to fall slowly upon a mass of 
carbide, possess most of the disadvantages due 
to heat of generation, fluctuation of pressum^ 
&c., and this type has been abandoned except 
for the smallest forms of portable generator. 
Those in which water rises to the carbide are 
most efficient, and overheating can be avoided 
by ensuring that the water never rises above 
that portion of the carbide which is undergoing 
decomposition : in other words, that the gas 
leaves the carbide immediately upon its forma¬ 
tion and passes away to the holder with the 
least opportunity for becoming overheated by 
contact jvith decomposing carbide. 

Generators in which the carbide dips into 
water and is then withdrawn are apt to overheat 
to a dangerous extent, especially if the generator 
be over-driven. * 

Although it might be expected that the 
dropping of* the carbide into an exoess of 
water would produce the coolest and purest gas, 
yet evidence of overheating of the gas is often 
found in generators of this class, as a coating 
of lime can form around the lumps, preventing 
the free access of water, and allowing the 
interior of the mass from whioh generation is 
proceeding to become heated to redness; the 
efficiency also is lowered as a lertain amount 
of the gas is dissolved in its upward passage 
through the large volume of water, 
r Theoretically 04 parts by weight of carbide 
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require only 36 p$rts by weight of water for 
complete decomposition and conversion of the 
lime into hydrqjeide, but it is found in practice 
that, owing to the heat of the reaction driving 
off some oi the water as steam, and a further 
ortion mechanically adhering to the slaked 
me, double this amount of water is necessary, 
and the only safe way to ensure entire iecom¬ 
position of the carbide is to add sufficient water 
to flood the residue. 

Carbide is also supplied in the form of 
4 briquettes,’ coated with material to prevent 
deterioration in air; at the same time the after¬ 
generation of gas when the water supply is 
stopped*is largely prevented. These briquettes 
are particularly suited for motor car headlight 
outfits and table lamps. 

Combustion of acetylene .—When acetylene is 
burnt in air under such conditions as to complete 
its combustion, it is converted into carbon 
dioxide and water vapour, tbe same compounds 
that are produced by all combustible hydro¬ 
carbons, 1 cubic foot of the gas requiring 2£ 
cubic feet of oxygon, or five times that amount 
of air. 

When acetylene was first used for illumina¬ 
tion, bumefc of the Union jet type (similar to 
coal-gas burners) were employed, some of these 
■being of specially small size. In such burners 
the orifices for the*i8sue of the gas were very 
small, and were drilled at a more obtuse angle 
than for coal gas. Burners of this type, whilst 
giving good results for a time, soon developed 
a smoky flame, a filiform growth of carbon 
appearing on the jet, so that they were generally 
unsuitable. 

Hmoking is very likely to develop with 
acetylene, especially when the gas is turned 
down. This is due principally to tne polymerisa- i 
tion of the gas by heat, producing liquid hydro- i 
carbons (principally benzene) and solid carbon 
by decomposition, when the gas issuing from the 
small orifices becomes unduly heated. With 
high efflux velooity sufficient air will be drawn 

to ensure primary combustion close to the 
orifice and the trouble is largely overcome, but 
the reduction of the gas pressure prevents this 
action. An accumulation of particles of carbon, 
or other foreign matter, such as lime particles 
from the generator, will act similarly by impeding 
the gas flow, so that once carbon begins to form 
the actions leading to smoking rapidly accelerate. 

On breaking open a steatite jet of a burner 
in which smoking has developed carbon deposit 
-will be found to have extended to soye depth, 
showing that ,i liquid hydrocarbon has soaked 
into the steatite and been there further de-, 
composed by heat.® 

The actions leading to the formation of4he 
liquid product in general arise at the jet, but 
with a bad type of generator* where over¬ 
heating takes place, polymerised products may 
be carried forward in the gas, ana deposited in 
and around the narrow onfice in the steatite or 
other porous material. 

Attempts to overcome these difficulties were 
on the lines of introducing air, either admixed 
with gas, which was soon abandoned on account 
of danger, or constructing the burner so that 
air was drawn in through adjacent orifices by 
the injeotor action of the issuing gas, a method 
adopted by Bullier (1890—97). • 


Bullier’s principle of making the tips of the 
burner jets into small bunsens was adopted by 
Dolan in America, and Billwiller on the Continent. 

The Billwiller burner has two steatite arms 
rising at right angles from a common baa^ 
from'vwhich the acetylene issued at two small 
orifices exactly opposite each other and giving 
the double jet. Immediately above the gas 
orifice a small platinqm plate was 
fixed at a distance of about 0*5 
mm. from the steatito, with a 
hole in it rather larger than the 
orifice in the steatite'just below. 

The acetylene issuing*from the 
hole in tht Bteatite rushed through 
the holo in the platinum above 
and drew air in under the plati¬ 
num plate. “The air so drawn in flowed to the 
confines of the rapidly travelling stream of 
acetylene and passed upwards around it, so 
preventing contact between the edge of the 
hole in the platinum and the acetylene, whilst 
the metal, being part of a collar of platinum 
fixed round each steatite arm, and being a 
good conductor of heat, prevented such heating 
as would lead to the deposition of carbon from 
the gas. 

Ju 1897 Dolan in America made a burner 
on the same principle as the Billwiller burned 
though of slightly different construction. It 
consisted of a metal base, tbe upright from 
which forked into two arms, which near their 
extremities were bent inwards at right angles. 
These arms carried steatite or ‘ lava ’ tips, 
bored with a fine hole from the interior to the 
base of tho mushroom head, where its diameter 
was more than doubled, whilst four small lateral 
! air tubes were bored at regular intervals frvm 
[ the base of the ftead to the broad aperture of 
the nipple, with the result that the flow of 
acetylene from the narrow into the wider tube 
sucked ah’ in through the side tubes and sur¬ 
rounded the ascending gas with an envelope 
which prevented its contact with the heated 
tip. These burners, wfyich are more generally 
known as the 1 Naphey ’ burners, gave very 
good results, and have been more widely adapted 
than tho Billwiller burners that preceded them, 
partly because they did away with the expense 
of the platinum, were cheaper to make, and 
were less liable to break. 

The great dAwback to all the Naphey tip 
burners is that the heat from the flame causes 
a slight and gradual warping of the metal 
mounting, with the result that time the 

jets become slightly thrown out of their true 
position, which at once distorts the flame and 
causes it to throw up smoky points. This 
^rouble is not found with burners having steatite 
or composition arms, as these, being pressed or 
cut, do not warp with the heat. 

These burners proved the forerunner of a host 
of others in all of which the same principle was 
adopted, one of the simplest and most popular 
being shown in Fig. 2, whilst Fig. 3 is a flection 
of the same burner, showing the construction 
and air inlets. 

‘Although thaie burners possess many advan¬ 
tages and oan boused for several hund^A hours 
without smoking, they have the drawback that 
the iflame cannot be turnad down, *s, after 
the flame has been' left*,tumad down for ag 



Fig. I. 
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hour or two, it will bo found that it will 
generally start smoking when the normal con¬ 
sumption is re&tored. 

_ In order to overcome this trouble Bray intro- 
Niuced a burner in which, by placing a second 



air-supply chamber'of larger dimensions above 
the first, such a complete encircling of the jet 
of gas by air was ensured that the variations 
in gas pressure caused by turning down the 
flame do not lead to carbonisation. 

Another burner has been brought out in 
whioh the idea of air injection has been success¬ 
fully adapted to a slit burner; the gas issues 
from a series of fine holes placed below a cap 
provided with a broad slit and side air tubulure, 

xpv the gas drawing in sufficient air in its 
k. n passage through the slit to prevent 
K 1 smoking or carbonisation of-the burner 
ff TTI (Fig. 4). Such slit type burners are 
1 WTl P articularl y suited for use in motor-car 
headlights, &e. With twin jet burners 

wp an obstruction in one orifice may cause 
„ .a somewhat long flame to issue from 
ilG ‘ ' the other orifice, which may impinge 
on lenses or mirrors situa ted close to the burner. 
The slit type is free from this disadvantage. 

From the earliest introduction of acetylene 
attempts have been made to utilise it with 
iLcandet. lent mantles, but under the pressures 
which are usually obtained from the ordinary 
generating appaiatus this lias not proved success¬ 
ful. Acetylene, when consumed in an atmo¬ 
spheric burner, gives an excessively hot flame, 
not only on account of its composition, but also 
from its endothermic character. Several diffi¬ 
culties, however, are met with in trying to bum 
acetylene mixed with air in sufficient proportion 
to yield a non-luminous flame, namely : 

(a) The wide range over which such mixtures 
are explosive. 

(b) The low temperature of ignition. 

(c) The high speed at which the explosive 
Wave travels through the mixture of gas and air. 

In order to make a bunsen burner for acetylene 
the tube has to be very narrow, and even then 
flashing very liable to occur, whilst a 

high pressure is needed to bring about a satis¬ 
factory mixture of the gas with sufficient air to 
ensure combustion with an absolutely non-* 
luminous flame. The range of explosibility lios 
between 3 p.e. and 82 p.c. of acetylcno in tlfe 
mixture, and the propagation of the explosive 
wave cannot be stopped by the ordinary device 
of using wire gauze, on account of the low 
ignition point of the mixtures. By using a tube 
| mm. in diameter the explosion ceases to be 
propagated at all, but such tubes, on account of 
their small diameter, cannot be utilised singly. 
The difficulty can be surmo^fiited by using a 
bund^ of small tubes united^ to form a single 
burner, or by employing a large tube havmg a 
oonstriction at one point of not nfore than § mm. 
dia&eter. Thp diaipeter of the tube 'at the 


constriction must be in a definite proportion to 
the particular mixture of aif and acetylene con¬ 
sumed, as the more air the greater must be the 
constriction in the strangulated portion of the 
tube, owing to the increased velooity of the ex¬ 
plosive wave. 

With an acetylene bunsen, and using a 
Welskach No 2 mantle, as muoh as 90 candles 
per cubic foot of acetylene has been obtained. 
It may be taken that when used with a mantle 
acetylene will give double the illuminating power 
per cubic foot as compared with the light 
obtained when the gas is burnt in the ordinary 
acetylene flat-flame burners under the best 
conditions, but very widely different results 
have been obtained, owing to irregularities in 
the pressure or lack of air regulation, and at 
the moineni of lighting or turning out there is 
a liability of a small but violent explosion, 
which has disastrous effects upon tho mantle. 
A further difficulty is caused when phosphoretted 
hydrogen is present as an impurity, for this 
leads to the formation of fusible phosphates of 
thorium and cerium, with consequent destruc¬ 
tion of the mantle. Apart from these con¬ 
siderations, the mantle appears to be hardened 
and strengthened by the intense (jpat to which 
it is subjected, but it is not yet determined* 
how the life of the mantle is affected by the 
temperature of the flame. <, 

Under the light yielded by the combustion of 
acetylene colours appear practically tho same 
as in daylight, and all tints and shades can be 
as clearly distinguished from one another as in 
sunlight. For this reason tho gas has been 
found to bo of invaluable utility in dyeing and 
colour printing. The spectrum of acetylene, 
however, although the same as that of daylight 
for red and yellow, has an increase in tho blue 
rays of 0*40, which brings them to about the 
same value as the Northern Light. The violet 
rays show a slight iqjjease, so that acetylene 
is even richer than sunlight in the rays which 
are so essential to the chemical action of light, 
and yet the red rays which are so detrimental 
in colour work do not predominate, as in the 
electric arc. 

Acetylene has been foun^rof great service in 
the illumination of small towns and country 
villages, and for isolated houses and farms. It 
has been employed in photography on account 
of its richness in actinic rays. For headlights 
on motors, for train lighting, for buoys, and 
in fact in a number of cases where bright and 
trustworthy light is required without the com- 
piicatioil of a coal-gas works or the dangers of 
oil, acetylene has proved its worth. 

It has been found that the rays from an 
acetylene light, possess remarkable penetrative 
powers in fog or mist, being in this respect 
superior to the arc light or incandescent mantle. 

Storage of dissolved Acetylene .—In the early 
days of the development of acetylene for com¬ 
mercial purposes attempts were made to employ 
it in a liquefied form or compressed, but under 
pressure tne gas prove4 too dangerous. Even 
at 2 atmospheres pressure acetylene free from 
oxygen can be exploded. It was enacted in 
1897 that the gas should never die subjected to 
a pressure exceeding 100 inches of water.(about 
4 lbs. per square' inch); later this was raised 
tp 260 Inohea. 
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In 1895 Claude and Hess, in France, sug¬ 
gested the idea of making use of the solubility 
of acetylene in certain liquids as a means of 
storing this gaS, and acetone was tried as the 
solvent. Acetone dissolves 24 times its volume 
of acetylene at 16° and under ordinary atmo¬ 
spheric pressure, the solubility increasing pro¬ 
portionately with pressure. The volume! of the 
acetone also increases very largely. fft was 
found that the simple solution ot acetylene in 
acetone, although loss liable than the com¬ 
pressed or liquefied acetylene to explosion, 
could not bo said to be sufficiently free from 
danger to admit of its general use. Janet and 
Fouchq, discovered that when acetylene is 
dissolved in acetone absorbed by porous material 
of the rig lit kind under 10 atmospheres pressure, 
it was impossible to produce explosion. The 
practice in this country for tho storage of 
acetyleue is to fill a cylinder with porous material 
(porosity about 80 p.c.), then to add a volume 
of acetone equal to 40 p.c. of the original 
cylinder volume, and pump in the gas to a 
pressure of 150 lbs. per square inch. In 1901 
this was fixed as the legal pressure limit. Thus 
a cylinder of 1 cubic foot capacity containing 0 4 
cubic foot of acetone will hold 100 cubic feet of 
the gas, most of which will bo given off when 
the valve is opened. 

There are nracLcally only three porous ma¬ 
terials in use for absorption %f dissolved acety- 
leno in tho United Kingdom: (u) a porous 
agglomerate of asbestos, kieselguhr, and char 
coal, and a suitable cement; (6) charcoal filling; 
(c) kapok filling. The porosity should not exceed 
80 p.c. The solvent must not completely fill the 
porous material under any rise of temperature 
likely to be experienced. With tho present type 
of cylinder, the pressure at present allowed, i.e. 
150 lbs. per sq. m., should not be increased ; for 
solid drawn cylmders and for thoso of 100 cubic 
feet capacity and over in which the acetylene- 
welding at the top and bottom is strengthened, 
the pressure allowed might safely be increased 
to 225 lbs. per square mch provided a solvent 
is used in addition to tho porous material. 
The best matorial for the construction of 
cylinders is a mild steel of high ductility, of 
which tho carbon content does not exceed 
0 25 p.c. and the phosphorus and sulphur each 
do not exceed 0’05 p.c. The test pressure 
should be four times the working pressure and 
should be maintained for not less than fifteen 
minutes (Home Office Report, J. Soc. Chem. 
Ind. 1918, 1164). 

Acetylene Welding and Metal Cuitiny. —Acety¬ 
lene is largely employed for autogenous weldmg 
and for metal cutting ; in the latter case extra 
oxygen being sullied so that the metal itself 
is burnt away. The temperature of the t>xy- 
acetylene flame is approximately 3000°, and 
from the nature of the combuftion the flame 
has a reducing action tending to exclude the 
possibility of oxidation of the metals undergoing 
treatment. Theoretically 2 "5 volumes of oxygen 
are required f^r each volume of acetylene, but 
in practice it is found that the proportions are 
approximately 1 *4 to 1 *0, this low proportion of 
oxygen ensuring a reducing action m the flame. 

There are two systems of operating: in the 
high-pressure system the oxygen is delivered 
from an ordinary cylinder under pressure, and 


ar 


the acetylene, dissolved in aoetone under 
pressure, is also supplied from cylinders. Both 
cylinders are fitted with special, governors, as a 
perfect regulation of the flame is one of the 
main conditions of success. This system has tl 
great advantage of a portable outfit, and d 
be applied in confined spaces, but it is more 
expensive than tht^afternative system. 

With the low-pressure plant the acetylene is 
made in an ordinary generator, which may be 
of the automatic or non-automatic type, the 
size of the works to a great extent influencing 
tho kind of generator used, but, whatever type 
bo adopted, it is necessary that tho generation 
of the gas should not lie accompanied by over¬ 
heating, &s this leads to low temperatures at tho 
burner and other troubles. The gas should bo 
purified before use, as the presence of the 
phosphoretfed and Hulphurettqa hydipgen would 
tend to spoil the weld, and the purifying agent 
should be renewed when necossary. After 
leaving the purifiers the gas is distributed to the 
various points in tho workshops in gas- or 
steam-barrel piping, and at each point a hy¬ 
draulic back-pressure valvo is inserted, in order 
to prevent the oxygen through any mischance 
flowing back .through the acetylene service. The 
use of an efficient water-trap is a sufficient safe¬ 
guard in practice. m 

The first successful blowpipe was the Fouche, 
employed with the low-pressure system, and 
this type has held its own in spite of the com¬ 
petition of other patterns. After the weld has 
been mado the plate is annealed, this being 
essential. Although the results of tests up to 
the present are not very consistent, it may be 
taken that, on the average, the welded joint 
has a tensile strength from 95 to 80 p.c., 
depending on th$ thickness of the plaffi. 

There are many classes Qi work in which 
oxy-acelylone welding can be advantageously 
employed. In tho motor-car industry, both 
in the garage and repair shop, it has proved of 
great service, it being a comparatively simple 
matter, for instance, to mend a cracked cylinder 
or gear-box. For the welding of tubes, repairs 
to boilers in situ needed by corrosion, &c., 
for the mending of fractured stems and stern 
posts, tho process has been invaluable. 

Iron and steel (including thick armour plate) 
are now commonly cut with oxy-acetylene blow¬ 
pipes with great saving in time and Cost. The 
method is not "so suitable for cast-iron. The 


blowpipes are made with a central oxygen supply 
jet, the acetylene serving to hea^hg metal to 
its ignition point, when the excfSfUxygen burns 
it to oxide, which flows away in a molten 
condition. The ratio of acetylene to oxygen 
employed varies from 25 p.c. for thin plate to 
>10 p.c. for the thickest. Tne following rates of 
cut and oxygen consumption are attained:— 

Thickness 

Foot run of out 

Oxygen consumed 

of plate. 

per hour. 

per ft. rum 

i 

i 

40 

2-2 

3 

20 

80 

' 6 

•* 18 

28-0 

9 

. 16 

88(0 

12 

. 16 

100-0 

*. 

e 

• 
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Acetylene for Poh ef&urpoea.— Owing to the 
violenoe of the explosion when mixed with air 
acetylene is liable to give unduly high pressures 
in the cylinders of internal combustion engines. 

.Moreover, it is too expensive to compete with 
other fuels. Tests on ^ngines of a few< horse¬ 
power have shown consumptions of' about 
6'3 cubic feet per B.H.P. hcKir. It ha3, however, 
been successfully employed, particularly in the 
United States, for starting up motor car engines, 
the advantage of the gas for this purpose is I 
obvious where it is carried in the compressed j 

form (in acetone) for the usual lighting sets, j . ,, , r u ■ « *. i u jj- r .. 

The violenoe oi the exp'osion has to be guarded ln the of , H ', 18 f eoted by addmg a dight 
nuainst. otherwise to the ermine now amount ot * fairl . v atron 6 (‘omsed) Vlaii E - v ' 


oentrations of the ions and molecules, and where 
— + 

as in the case under discussion M §nd H are very ^ 
small in comparison with HM. 1 ' + 

Any increase in the value of H, which ia 
effected by adding a small quantity of a fairly 
Btror^- (ionised) acid to the solution, leads to a 

corresponding diminution in the value of M. 
The reverse change, leading to an increase in 


the value of M, with a corresponding decrease 
+ 


againBt, otherwise ftamage to the engine may 
result. J. S. S. B. 

ACETYLSAL1CYLIC ACID t>. Salicylic Acid. 
ACHRODEXTRIN t>. Dextrin? 
ACHYRANTHES ASPERA or Aghara. An 
Indian plant used as a simple and as a remedy 
for toothaohe. 

ACID ALBUMEN t>. Proteins. 

ACID ALIZARIN, -BLUE, -GREEN v. Ali¬ 
zarin AND ALLIED COLOURING MATTERS. 

ACID CERISE v. Triphenylmethane 
COLOURING MATTERS. 

ACID GREEN v. Triphenylmethane 

COLOURING MATTERS. 

ACIDIMETRY and ALKALIMETRY. This 


droxide, since the equilibrium H X OH=oonsfcant 
obtains in aqueous solutions, and the alkali added 
increases considerably the value of the factor 

OH. If the acid HM and the ion M differ in 
colour, then, in any solution containing this 
acid a change from acidity to alkalinity, i.e, from 
+ — 

a state in which H predominates over OH to the 
reverse condition, may be indicatod by an appre¬ 
ciable change of colour. The degree of ionic 
dissociation of the indicator HM n^ist, however, 
be considerably smaller than that of either acid 
or alkali employed in the titration ; moreover, 
another acid HR, having&a smaller degree of 


. v t ... .* , . , iwiirnuci ttuiu ubv. u»vink; v» Biimiiui uoureo ui 

branch of quantitative analysis dealing with the ionisation than wiulndioate the transition 
estimation of acids and alkalis is of great with even ter preci3ion prov j ding that the 
technical importance. In pure aqueous solu- r ition B o{ t he c olour.change is not more 


tiona the amount of acid or alkali can usually 
be ascertained with considerable accuracy by 
determining the specific gravity of the liquid 
at a definite temperature and referring to a table 
especially drawn up for this purpose. 

''Direct estimations may ^lso be made by 
suitable gravimgtrio methods, but volumetric 
processes are almost exclusively employed, and 
indeed the only methods 


are indeed the only methods available for 
distinguishing between free and combined acid 

or alkali. In these operations the quantity of | US), McKoy (Amer. Chem. J. 1904, 31, 503), 
acid or alkali present is calculated from the ! H (At di vs , inns 33. 851. Salm d ' 


| recognition of the colour-change is not more 
i difficult. The quantity of indicator employed 
must be so small that the amount of alkali 
required to neutralise it is negligible. 

For Theory of Indicators, v. Ostwald (Sciem 
tific Foundations of Analytical Chemistry, tranS' 
lated by McGowan), Kiister (Zeitsch. anorg. 
Chem. 1897, 13, 127), Waddell (J. Phya. Chem. 
1898, 2, 171), Vaillant (Compt. rend. 1903, 136, 
1192), Stieglitz (J. Amer. Chem. Soc. 1903, 25, 
1112; Amer. Chem. J. 1908, 39, 651 ; 1909, 42, 


amount of standard alkali or acid required 
respectively to neutralise it exactly, the precise 
point of neutralisation being determined by 
the addition of a small quantity of an indicator , 
i.e. a aubatance which by undergoing a marked 
change of colour renders evident the transition 
from acidity to alkalinity, or vice vered. 

Indicators, Although many natural and 
artificial colouring matters have been recom¬ 
mended aa indicators, comparatively few are 
actually ‘tsfotfpfchose most frequently employed 
being methyl orange , phenolphthalein, and litmus. 

Artificial indicators are either very weak*ij 
organio acids or (more rarely) weak bases, and 
the prevalent view regarding thoir behaviour cj 
that in solution their colour in the non-ionised 
state differs from that which they exhibit in 
the ionio condition. 

In accordance with the ionio theory of solu¬ 
tion, a very weak acid HM exists in solution, 
mainly, but not entirely, in the non-ionised state, 
tfee equilibrium between ions and undissooiated 
+ — 

molecules being depressed quAnti- 

tativaly by the equation 1 
— + 

• M X Hy'HM » constant 4 < 
in whioh the symbols denote the moleoular eon- 


Hewitt (Analyst, 1908, 33, 85), Salm (Zeitsoh. 
physical. Chem. 1906, 57, 471 ; Zeitsoh. Elek, 
Chem. 1907, 13, 125), Salessky (Zeitsch. Elek. 
Chem. 1904,10, 204), FeU *eitsoh. Elek. Chem, 
1904, 10, 208), Schoorl (Chem. Zentr. 1907, 1 
300, 502, 685), Hantzsch (Ber. 1907, 40, 1556 
1908, 41, 1187; 1915,48, 158), Robland (Ber. 
1907, 40, 2172), Acree (Amer. Chem. J. 1908, 
39, 528, 649, 789), Handa (Ber. 1909, 42, 3179) 
and cf. Noyes for the physico-chemical theory (j. 
Amer. Chem. Soc. 1910, 32, 815), Wegscheider 
(Zeitsch! physikal. Chem. 1915, 90, 641). 

Indicators may be divided broadly into three 
classes; (i.) Those insensitive to very weak adds, 
sqch as carbonic, borio, and hydrosulphuric 
acids; these indicators oomprise among others 
methyl oranglaemoid, cochineal, and ioioeosin. 
(ii.) Those somewhat sensitive to weak acids, 
although as a rule these acids cannot be 
accurately titrated with their aid; if weak 
volatile acids such as carbonio acid are re¬ 
moved by boiling, these indicators act like 
those of the first class towards fairly strong 
acids and bases. Litmus is the chief represen¬ 
tative of this group, (iii.) Those highly sensitive 
even to weak aoids. This class oontams phenol¬ 
phthalein, turmeriS, and rosdic acid (t>, Glaser, 
Zpitsoh. anal. Chem. 1899, 38, 273; Wagner, 
Zeitsoh.,anorg. Chem. 1901, 27,238). 
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• . The more important indicators are de« L&cmoid ( Resorcin Wue). This substanoe 

scribed below in alphabetical order. is obtained by heating gradually ' to 110° 

Aurln {Commercial or para-Rosolic acid ) a mixture of 100 parts of resorcinol, 5 parts 
is a mixture of several substances, produced of sodium nitrite, and 5 parts of water. when — 
by heating together phenol and oxalic and the violent reaction moderates, the mass is heated 
sulphuric acids; it appears in commerce in to 11 ff-120 0 until evolution of ammonia ceases, 
yellowish-brown rerinous lumps. A 1 px}. solu- The product is a glistening reddish powder 
tion in 60 p.c. alcohol is employed, 0*6 c.cfbeing (Traub and Hock, Iftr. 1884T?7, 2615). ft owes 
added to the solution to be titrated. In acid its distinctive properties to lacmosol, which can 
solution the colour is pale yellow , in alkaline be isolated and purified by a method described 
solution rose-red. This indicator is very sensi- by Hettinger (Bioohem. Zeitsoh. 1914, 65, 177). 
tive and well adapted for titrating barium The turning-point of the pure indicator is far 
hydroxide solutions, but it is affected by carbon sharper than that of ordinary preparation, 
dioxide and hydrogen Bulphide. A 0 3 p.c. alcoholic solution is employed ; a 

Cochlheal. The colouring matter in the 1 better colour change is produced if 6 grams of 
product obtained from the dried female inseot naphthol green are dissolved in a litre of this 
Coccus cadi (Linn.), is termed carminic acid . solution (Zeitsch. angew. Chem. 1890, 3, 163). Ir. 
The best trade product, which is called ‘ silver alkaline solution the colour is blue ; in acid, 
oochineal,’ was first recommended as an indicator re( f. Although these oolour changes resemble 
by Luckow (J. pr. Chem. 1861,84,424; Zeitsch. those of litmus, the indicator is more closely 
anal. Chem. 1862, 1, 386); 3 grams of the sub- allied to methyl orange. It is only slightly 
stance (not pulverised) is extracted with 250 c.c. affected by carbon dioxide, although direct 
of dilute alcohol (1 vol. alcohol: 3—4 vols. water), titration of carbonates is not satisfactory in 
and the clear liquid decanted. In alkaline solution cold solution; laemoid test paper may, how- 
the colour is violet , in acid yellowish-red. This ever, bo used in almost any experiment for 
indicator, which is very sensitive to strong acids which methyl orange is suitable. This indicator 
and bases, 4s extremely useful in titrating is useless for organic acids, 
ammonia; it is scarcely affected by carbon Litmus occurs in commerce in the form of 
dioxide. The colour-change iB well defined even I small cubical granules mixed with a large pro* 
in artificial light. Ciohineal i% however, useless portion of caloium carbonate. An aqueous solu- 
for titrating organic acids; and iron, aluminium tion of this product not only contains free alkali, 
and copper salts must be absent, since their but also a variable proportion of colouring 
solutions remain pink even when acid. matters which interfere with the delioacy of the 

Curcumin (Turmericyellow). The colouring reaction. Special precautions must therefore be 
matter from the roots of Curcuma longa (Linn.) taken in preparing the solution for use in 
i® I'Urn^d yellow by acids and reddish-brown by al- acidimetry. Various processes have been racom* 
kalis; it is nearly always era ployed as a ted-paper, mended bv Berthelot and De Fleurieu (Ann. 
and is useful in detecting ammonia and boric acid. Chim. Phys. 1865. [4] 5,189), Wartha (Mr. lSTB, 
Gallein {Alizarin violet , Pyrogallolphtha- 9, 217), Mohr (Tilrirmethode), Luttke (Zeitsch. 
leXn). This compound, prepared by heating anal. Chem. 1892,31,692). The iollowing method 
together pyrogallol and phthalio anhydride gives excellent results: The litmus is extracted 
(Baeyer, Ber. 1871, 4, 457, 555, 663), was pro- three or four times with boiling methylated 
posed as an indicator by Dochan (Pharm. J. 15, alcohol of 86 p.c. in order to remove the injurious 
849). A 01 p.c. alcoholic solution is used, colouring matters, the residue is extracted with 
10 drops being added to 100 c.c. of liquid. In cold water, slightly aoidjfied with sulphuric acid, 
alkaline solution the colour is reddish-violet , in and boiled to expel carbon dioxide. The extract 
acid pale-brown. This indicator is scarcely is neutralised with baryta water, a few bubbles 
affected by carbon dioxide, and can be used iD of carbon dioxide passod in to remove excess of 
♦he accurate titration of organic acids. baryta, and the liquid again boiled and filtered. 

Iodoeosin (Tdraiodofluorescein, Erythrosin The solution should contain about 20 grams of 
B.). This substanoe, prepared by iodating solid matter per litre, and must be kept m vessels 
fluorescein, is a briok-red powder soluble in to which the air has free access. If kept in 
hot alcohol or in ether, but almost insoluble closed vessels it undergoes fermentation and is 
in water or cold alcohol; it was first recom- decolourised. The colour is restored when the 
mended by Mylius and Forster (Ber. 1$91, 24, liquid is exposed to air. The-WWflfr of. the 
1482); 0*8 gram of the sodium derivative of solution should be purple ; it turns blue with 
iodoeosin is dissolved in 1 litre of water, 2-5 c.c. ^alkalis, and red with acids, and is affected by 
are added to the solution to be titrated together carbon dioxide, sulphur dioxide, and hydrogen 
with 5 c.c. of chloroform, the mixture beifcg sulphide. (For the relative merits of litmus and 
shaken in a stoppered bottle during titration, methyl orange, v. Reinitzer, Zeitsoh. angew. 
While alkaline the aqueous laye# is rose red, Chem. 1894, 547, 574; Lunge, ibid. 1894, 
when aoid the aqueous layer becomes colourless , 733.) 

^e ohlorofortn assumes a yellowish tint The colour change is rendered more delicate 
TaS?' Amer. Chem. Soo. 1899, 21, 359; M. by oonduoting the titration in the monochro- 
• F• 'twsd ether instead of chloroform). With matic light obtained by heating a bead of sodium 
this indicator, oentinormal or even millinormal carbonate in a bunsen flame 1 X. Henry, Compt. 
solutions oan be titrated; it is indifferent to oar- rend. 1873, 76, 222). The red solution seems 
bon dioxide, and phosphorio acid oan be titrated oolourless, whilaWlhe blue solution is almost black. 

a monobasic aoia with sodium hydroxide Litmus is not well adapted for use by gas- or 
(Glficksmann, Chem. Zentr. .1902, (i.) 1131). lamp-light. 

Feeble bases, such as the alkaloids, may also Lttfeol. The preparation Sf this subJfcanoe, a 
be titrated, using iodoeosin as indicator. • hydroxychlorodiphenylquinoxalme, is described 
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by Autenrieth (Arch. Pharm. 1895, 233.43), and 
by Giaesa and Bernard (Mon. Sci. 1900,14, 809); 
ifc forms fine, -Woolly, yellowish noodles, m.p. 240°. 
A 0-33 p.c. alcoholic solution is used as an indi¬ 
cator. In alkaline solution tho colour is yellow ; 
in acid it is colourless.% This indicator is said to 
be remarkably sensitive excelling Nesslw’s solu-; 
tion as a test for ammonia ; but it is sensitive 
to carbon dioxide (Higgins, J. Soc. Chom. Ind. > 
1900, 19, 958). It was especially recommended 
by Autenrieth for use in Kjehldahl’s process (v. , 
Analysis). 

Methyl orange (He\ianthin, Poirrier's Orange ! 
HI.). This substance, prepared by diazotising ' 
sulphanilio acid anh coupling tho rcswlting diazo- 
nium salt with dimethylaniline, was introduced 
as an indicator by Lunge (Bcr. 1878, 11, 1914 ; 
J. Soc. Chem. Ind. 1882, 1, 16).» One gram of t 
pure methyl orange (either the free acid nr jts j 
sodium salt) is dissolved in 1 litre of water, and 
two drops of this solution are added m each 
titration; if, owing to dilution during the 
titration, the colour bocomos too faint, another ( 
drop of the indicator is added ; on no account 
should too much indicator be used, since the 
colour change, from yellow in alkaline to pink 
in acid solution, is not sharp in Such circum¬ 
stances. Methyl orange is exceedingly useful,, 
since its indications are practically unaffected 
by the prosence of carbonic, hydrosulphuric, 
boric, and silicic acids ; carbonates and sulphides 
may therefore bo titrated in cold solution as if 1 
they were hydroxides. All titrations must be 
made with this indicator in cold aqueous solution, 
and, since methyl orange is not very sensitive as 
compared with various other indicators, the acid 
or alkali employed should be fairly concentrated. 
s lt is ^d visa bio to employ normal solutions, 
though with N/2 or even*N/5 solutions it is 
possible to determine an end-point to within a 
single drop. With N/10 solutions, especially 
when oarbonates are being titrated, there is a 
distinct broivnish transition tint between the 
yellow and pink, and results may be uncertain 
to the extent of one or two drops (cf. Kiister, 
Zeitseh. anorg. Chera. 1897, 13, 140). 

The addition of indigo-carmine to mothyl 
orange has been recommended by Luther (Chem. 
Zeit. 1907, 31, 1172), who states that the colour 
change is very pronounced. Ethyl orange is 
*.stated by Wieland to be oven better than methyl 
orange (Ber. 1883, 16, 1989). 

Methyl red. This substanoe, prepared by 
diazotising anthranilio acid and coupling the 
reswtlhy*Aifi zonium salt with dimethylaniline, 
was introduced as an indicator by Rupp and 
Loose ,(Ber. 1908, 41, 3905). A 0-2 p.c. alco¬ 
holic solution is employed, and two drops of 
this are added in each titration. The colour 
change is from a pure yellow in alkaline to a 
reddish-violet in acid solution, and is very pro- 
- nounced. This indicator is very sensitive, and 
can be used for titrating weak bases in centi- 
normal solution. Ordinary sodium hydroxide 
solutions containing a little carbonate can be 
accurately titrated in the cold. 

According to Thomson (Analyst, 1914, 39, 
018) methyl red gives a sharper end point than 
methyl orange, and its sensitiveness, m unlike 
that of methyl orange, is not greatly affected 
by tlfe presence* of neutral salts. When methyl 
red is used in the titration of carbonates, the 


solution must be boiled after each addition o 
the acid. See also Lehmann and Wolff, Arch 
Pharm. 1917, 255, 113. 

For observations on the behaviour of indi 
cators of the methyl-red type, see Howard anc 
Pope, Chem. Soc. Trans. 1911, 1333- 

Phenacetolin, first recommended by Degenex 
(Zeit d. Ver. f. d. Riibenzucker Industrie, 1881, 
357 ; .T. Soc. Chem. Ind. 1882, 1, 85), is prepared 
by boiling together for several hours moleculai 
proportions of phenol, acetic anhydride, and 
sulphuric acid. Tho product is extracted with 
water to remove excess of acid, dried and dis¬ 
solved in alcohol in the proportion of 1 gram to 
600 c.c. It is pale yellow with alkali®, red with 
carbonates of the alkalis and alkaline earths, 
colourless or pule yellow with acids. It is used 
for estimating both hydroxide and carbonate 
when present in the same solution. 

Phenolphthalein, obtained by heating phenol 
with phthalic anhydride and concentrated sul¬ 
phuric acid (Baeyer, Annalen, 1880, 202, 69), 
was proposed as an indicator by Luck (Zeitseh. 
anal. Chem. 1877, Hi, 322). One or two drops of 
a 05 p.c. alcoholic solution are used in each 
titration. In alkaline solution the colour is red ; 
the acid solution is colourless. Oaring to its very 
weak acid character, phenolphthalein is the 
indicator par excellence for organic acids; it 
is useless, however, in»tthc presence of am¬ 
monium salts, and sinco oven carbonic and 
hydrosulphunc acids discharge tho rod colour, 
it is necessary to work with solutions free from 
these acids or titrate m boiling solution ; hence 
its use is somewhat restricted (cf. McBain, 
Chem. Hoc. Trans. 1912, 101, 814). A con¬ 
venient method of titratmg organic acids with 
ordinary sodium hydroxide solutions using 



McCoy (Amor. Chem. J. 1904, 31, 603); and 
Schmatolla (Bcr. 1902, 35, 3905). 

Turmeric r. G(men min. 

Many other indicators have been proposed 
from time to time, among others the following:— 
Alizarin (Schaal, Ber. 1873, 6, 1180); 
Alizarin-red 1. W.S. (Knowles, J. Soc. Dyers, 
1907, 23, 120); Congo-red1 cyanine (Sehonbein, 
J. pr. Chem. 1865, 95, 449); cyanogen iodide 
(Kastle and Clark, Amer. Chem. J. 1903,30, 87); 
i diaminazoatolucnmdphonic acid (Troeger and 
Hille, J. pr. Chem. 1903,08,297); ferric salicylate 
(Weiskc, J. pr. Chem. 1875, 12, 157 ; Wolff, 
I Compt. rend. 1900, 130, 1128; Gerock, Chem. 
I Zentr. 1900, ii. 1294); flavudn (Lux, Zeitseh. 
anal. Chem. 1880, 19, 457); fluorescein (Kruger, 
j Ber. 1876, 9, 1572; Zcllner, Chem. Zeit. Rep. 

, 1901,25,40); hcematoxyliy, (Wildenstein, Zeitseh. 
«anal. Chom. 1863, 2, 9); metanil yellow (Linder, 
J. Soc. Chem. Ind. 1908, 27, 485); methyl- 3- 
aminoquinqline (Stark, Ber. 1907, 40, 3434); 
extract of mimosa flowers (Robin, Compt. rend. 
1904, 138, 1046); para-nikophenol (Langbeok, 
Chem. Nows, 1881, 43, 161 ; Spiegel, Ber. 1900, 
33, 2640; Zeitseh. angew. Chem. 1904, 17, 715; 
Goldberg and Naumann, Zeitseh. angew. Chem. 
1903, 16, 044); paranitrobenzeneazo-a-naphthol 
(Hewitt, Analyst, 1908, 33, 85); and Poirrier's 
blue C4B (Engel, Compt. rend. 1886, 102, 214); 
2"6- Vinitroqutnol (Henderson and Forbetf, J. 
Amer. Chem. S6o. 1910, 32, 687) ; di-o-hydroxy- 
iStyryl ketone ( lygosin) (Ferenz) ; l-oxynaphlho- 
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ehinomethane (Nierenatein); 6-mlpho-a-yiaphthol- 
l-azo-m-hydroxybenzoic acid (Mellet); 2-6 -dinitro- 
ammophenol fyopicramic acid) (Meldola and 
Hale ); alizannmonosulphonic acid (Knowles ); 
myrtle berry (Vaccinias myrtillus, L.) juice, the 
colouring matter of which is tenoeyanin, the 
red colouring matter of wine; red beetroot 
extract (Chauvierre). / 


The relative sensitiveness of the more im- « 
portaiA indicators ancf their behaviour under 
various conditions have been investigated by 
Wieland (Ber. 1883, 16, 1989), and especially 
by Thomson (Chem. News, 1883, 47, 123, 130^ 
184 ,* .1884, 49, 32, 38„119; 1886, 62, 18, 29), 
whose results are suntmarised in the following 
table:— • 


- 

Litmus 

Lacmoid 

Aurin 

Methyl orange 

Phenacetolin 

Phenolphthalem 


005 

001 

001 

005 

9 001 

0*01 


Available . 

Available . 

— 

— 


— 



Available . 

Available . 

Available 

Available . . 

Not available 



Not affected 

Lesssensitive 

Lew sensitive 

Not affected . 

Not available 



Not affected 

Not affected 

Lesssensitive 

Not affected . 

Not affected 


Indefinite . 

Indefinite . 

Indefinite . 

Not affected 

Colour changed 

Indefinite 


Indefinite . 

Decolourised 

Indefinite . 

Not affected 

Not affected . 

Indefinite 


Indefinite . 

Indefinite . 

Indefinite . 

Alkalfte. . 

lied colour . 

Alkaline 


Indefinite . 

Indefinite . 

Indefinite . 

Alkaline. . 

— «• 

Neutral 



Alkaline. . 

Neutral . 

Alkaline. . 

Not available. 

Neutral 


Indefinite . 

Neutral . . 

Acid. . . 

N eutral . . 

Npt available. 

Acid 



Neutral . . 

Neutral . . 

Neutral . . 

Neutral . . 

Not available 



Alkaline. . 

Indefinite . 

Alkaline. . 

Neutral . . 

Neutral 



Indefinite . 

Indefinite . 

Neutral . . 

Indefinite. . 

Indefinite 



Neutral . . 

Neutral . . 

Neutral . . 

Neutral . . 

Neutral 



Not available 

— 

Alkaline. . 

Alkaline . . 

Alkaline 


Indefinite . 

Notavailable 

— 

Alkaline. . 

— 

Neutral 


Neutral 

— 

Neutral . . 

Destroyed . 

Neutral . 

Neutral 


Available . 

Notavailable 

Available . 

Not available 

Not available. 

Available 


Indefinite . 

Monobasic . 

Indefinite . 

Monobasic . 

Indefinite. . 

Dibasic 


Indefinite . 

Monobasic . 

Indefinite . 

Monobasic . 

Monobasic 

Dibasic 



Neutral . . 

Indefinite . 

Neutral . . 

Neutral . . 

Indefinite 

Phenol.« 

Neutral # . 

Neutral . . 

Neutral . . 

Neutral . . 

Neutral . . 

Indefinite 


The sensitiveness is measured m c.c. of 
decinormal acid required to produce a distinct 
change when the volume, of the liquid is 100 c.c. 
It should be btfrne in mind, however, that the 
sensitiveness of many indicators changes (usually 
diminishes) in the prcscnco of considerable 
quantities of diBsolvod salts. Where a reaction 
is given as ‘ indefinite, 5 it is not meant that there 
is no effect, but that the change is not sufii- 
ciently sharp to be available in analysis. In 
many eases where the reaction is indefinite in 
cold solutions it becomes definite if the liquid 
is boiled, c.g. litmus with sulphides, sulphites, 
and carbonates; phenolphthalem with sulphides 
and carbonates. Lacmoid is most serviceable 
in the form of paper, and several of the reactions 
which are unsatisfactory with the solution are 
sharp and distinct with the paper, e’g. with 
carbonates, sulphides, and sulphites. 

Gawalowski recommends (Zeitsch. anal. 
Chem. 1883, 22, 397) the use of a mixture of 
methyl orange and phenolphthalem, which is 
deep-red with excess of alkali, pale-yellow when ’ 
neutral, and rose-red with excess of &ci£. Com- : 
pare also Schlotz (Zeitsch. Elek. Chem. 1904, 10, 
649) on mixed indicators. 

Walpole (Biocidm. J. 1914, 8, 628) gives 
a chart of hydrogen ion concentration dttta 
representing the sensitive ranges of all the 
indicators m general use, both ii colorimetric 
and ‘ end-point 5 processes. 

Preparation ol Standard Acids and Alkalis. 

Standard solutions of acids and alkalis are 
usually prepared on the normal basis, the normal 
solution of a chemioal reagent containing one 
gram-equivalent of the substance in one litre of 
the solution (v . Analysis, Volumetrio section). 

In acidimetry and alkalimetry it is essential 
to have a standard solution of some acid or 
alkali, the concentration of whioh is known wtth 


ardiso the others. Various suggestions have 
been made, but the general choice, at least for 
technical purposes, has i alien on hydrochlorio 
acid as the standard acid; sulphurio acid is 
frequently employed and, less often, oxalio acid. 

The commonest method of fixing the exact 
concentration of jrtie hydrochlorio (or SfHphuifc) 
acid consists in titrating the acijJ against weighed 
amounts of pure anhydrous sodium carbonate, 
a process originally employed by Gay-Lussac, 
and strongly recommended by Lunge, Sutton, 
and Treadwell. Separate weighed quantities of 
the pure carbonate are dissolved in 60-100 c.o. 
of cold distilled water^and each titrated with 
the acid, using methyl orange as indicator. The 
concentration of the acid solution is calculated 
from each rosult, and the mean of the conoordant 
values adopted as correot. Chemically pure 
sodium carbonate is obtainable in commerce, 
and should be free from all but traces of chloride 
and sulphate; it is dried in a platinum crucible 
with continual stirring for 20-30 minutes at 
Buch a temperature that the cruoi ble botto m is 
barely red hot, or the crucible^WHfBSKTed in 
sand, may be heated at 300° for half an hour. 
,Pure sodium carbonate may also be prepared 
by heating the bicarbonate at' a temperature 
ftot exceeding 300° (Lunge, Zeitsoh. angew. 
Chem. 1897, 10, 622). Sulphates and chlorides 
are removed from the bicarbonate by washing 
with cold water. (For the preparation of pure 
sodium bicarbonate, v. Reinitzer (Zeitsoh. angew. 
Chem. 1894, 7, 661), and North and Blakey (J. 
Soc. Chera. Ind. 1906, 24, 396).) 

The foregoing method, although extensively 
used, has been adversely criticised, the chief 
objection being *Kat it is impossible to dehydrate 
the «carbonate on. bicarbonate ^without losing a 
little too muoh carbon dioxide. It is asserted 
that»fodium oxide is pteseftt even '#ien the 
temperature of drying has not exceeded 170°; 
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• Higgins (J. Soc. Oheqj. Ind. 1900, 19, 968); 
S-ftrensen and Andersen (Zeitsch. anal. Chem. 
1906, 44, 156); North and Blakey (J. Soc. 

t Chem. Ind. 1905, 24, 396); Sebelin (Chem. 

^•Zeit. 1906, 29, 638); but cf. Seyda (Chem. 
Zentr. 1899, (i.) 1164); Lunge’ (Zeitsoh. anal. 
Chem. 1904, 17, 231; H05, 18, 1620). 

A satisfactory method V>f checking the values 
obtained by the carbonate method depends on 
the faot that sodium oxalate, when heated, is 
converted into sodium carbonate. As this 
oxalate can be prepared in a high degree of 
purity, the residue of Carbonate theoretically 
obtainable from a knosvn weight of oxalate can 
be calculated, and'the presence of any sodium 
oxide is immaterial providing that all calcula¬ 
tions are based on the original weight of sodium 
oxalate. » 

The weight oxalate is carefully heated in 
a platinum crucible until all the separated carbon 
has been burnt off and "the residual carbonate 
begins to fuse; the cooled residue is dissolved 
in water and titrated as already described; v. 
Sorensen (Zeitsch. anal. Chem. 1897, 36, 639; 
1903, 42, 333, 512; 1905, 44, 156), Lunge 
(Zeitsch. angew. Chem. 1905, 18, .1520); and 
Analysis, (Volumetric section, standardisation 
of permanganate). 

4 l?rom time to time many other standards 
have been proposed, and among others the 
following:— 

Potassium tetroxalate ; succinic acid (Phelps 
and Hubbard, Zeitsch. anorg. Chem. 1907, 53, 
361; Phelps and Weed, ibid. 1908, 69, 114, 
120); borax (Rimbach, Ber. 1893, 26, 171); 
potassium hydrogen tartrate (Borntragor, Zeitsch. 
anal. Chem. 1892, 31, 43); potassium dichromate 
VRiohter, Zeitsch. anal. Chem. 1882, 21, 205); 
potassium iodaie (Fessel, Zbitsch. anal. Chem. 

1899, 38, 449); potassium biiodate (Meineke, 
Chem. Zeit. 1895, 19, 2); sodium (Hartley, 
Chem. Soo. Trans. 1873, 26, 123; Neitzel, 
Zeitsoh. anal. Chem. 1893, 32, 422; cf. Hopkins, 
J. Amer. Chem. Soc. 1901, 23, 727); and 
sulphuric acid, prepared by electrolysing copper 
sulphate solution (Hart and Croasdale, Chem. 
News, 1891, 63, 93; Kohn, J. Soc. Chem. Ind. 

1900, 19, 962). 

Hydrochloric acid. In preparing a normal 
solution advantage may be taken of the fact 
--that an aqueous solution of hydrogen chloride 
which boils at a constant temperature has a 
practically constant composition. A quantity 
of ordinary concentrated acid is distilled from a 
capaoit yte i ^ ort until one-third has passed over. 
The residual liquid will contain 20-2 p.c. of 
hydrogen chloride, and 165 c.c. when dilutiyi 
to 1 litre will form an almost exactly normal 
solution; it should be standardised by on^ of 
the following processes. 

The strong acid is diluted until its specifio 

- gravity is approximately 1-1, and distilled; after 
three-fourths of liquid have passed over, the 
remaining distillate is collected apart, and the 
barometric height observed. The final quarter 
df the distillate is of perfectly definite com¬ 
position, and the following table gives the actual 
content of hydrogen ohlorid*4or a definite baro- 
metrio height,, together with the weight of 
distillate which contains one gram-equivalent of 
hydrc%en chloride, i.e. which yields ^‘normal 
solution when diluted to 1 litre• 
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w 

Grams of mix tors con¬ 

Barometer 

*H0I 

taining 1 mol. BOB 

770 

20-218 

180-390 

760 

20-242 

• 180-170 

760 

20-266 

179-960 

740 

20-290 

179-745 

730 

20-314 

179-630 

%’hese results 

were 

calculated from the 


observed weights of liquid, without reduction 
to vacuum standard ; the compositions wen 
determined gravimetrically by prooipitation a* 
silver chloride (Hulett and Bonner, J. Amer, 
Chem. Soc. 1909, 31, 390). 

The simplest method of preparing a large 
quantity of nearly normal hydrochloric acid ii 
to find the approximate composition of the 
ordinary concentrated acid by taking its specifie 
gravity with a hydrometer and referring to a 
suitable table; the requisite quantity of the 
acid is then measured out and appropriately 
diluted with distilled water. 

To standardise the solution, it is titrated 
against successive weighed quantities of pure 
sodium carbonate (or sodium oxalate), as de¬ 
scribed above. Each separate amount of car¬ 
bonate should weigh from 2*0 to 2-5 grams, in 
order to ensure a burette reading of 40 to 
50 c.c. It is best to use methyl orange fofr 
indicator, since the titrations can be rapidly 
and accurately parried out'in the cold ; if litmus 
is used, the titration must be made in boiling 
solution. In the latter case, it is quicker to add 
a measurod excess of acid to the carbonate, 
and titrate back with sodium hydroxide the 
value of which is known in terms of the acid; 
but the titration must nevertheless be done in 
boiling solution. The calculation is very simple : 
if x grams of sodium carbonate require y c.c. of 
hydrochloric acid, then 1 c.c. acid = x/y grams 
of sodium carbonate. Now, 1 c.c. N-acid 
=0-05300 grams sodium carbonate, and hence 

concentration of acid = 


O'OSSy times normal 

z times normal, say. As a rule, this is a very 
convenient method of expressing the result; 
r.g. if the aoid is used to estimate an alkali of 

equivalent e, then 1 o.o. f(6id = x i grams 

of alkali. If necessary, the aoid solution may 
be diluted with distilled water so that the ratio 
final volume -4- initial volume = z; it will then 
be exactly normal. A simple arithmetical calcu¬ 
lation is required, and if this prqoess is con¬ 
templated, care should be taken initially to en¬ 
sure that 2 shall be slightly greater than unity. 

Hydroohlorio aoid is most aoourately stand¬ 
ardised gravimetrically by precipitating ohlorine 
with excess of silver nitrite and weighing the 
silver chloride in a Goooh oruoible. The eolation 
may be titrated against pqre silver aooording to 
the Mint plbcess for assaying this metal. The 
method may be modified by adding the silver 
solution in very slight excess, this exoest being 
determined in the filtrate with N/IO-thiocyanate 
(Thorpe’s Quantitative Analysis; Dittmar’s 
Quantitative Analysis; Knorr, J. Amer. Chem. 
Soo. 1897, 19, 814; Hopkins, ibid. 1901, 23, 
727). These methods are trustworthy only 
when the hydrochloric acid is free from chlorides. 

The following method depending on the 
lose of weight on converting silver nitrate info 
chloride is due to Andrews (J. Amer. Chem. Boo. 
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1814, 36, 8068). Two aimilar silion dishes are 
provided with witch-glass covers, end one of 
them with a etiijing-rod, short enough to lie 
under the cover. Into this dish about 2 grams 
silver nitrate are put, and both dishes are placed 
in an oven at 160°, the temperature being 
subsequently raised to 244°. After cooling in 
a desiccator, both dishes are weighed, fifty 

c.c. of ^ hydroohlorio acid to be standardised 

are run into each dish, the contents of which 
are then evaporated on the water-bath, and 
finally dried at 240°. The normality of the 
solution is given by the expression: 

* JT- W—Wi + W!—w 

0'02655V 

in which V= volume of acid delivered by the 
50 c.o. pipette; W=weight in air of 'silver 
nitrate and dish, W t =weight of dish with 
mixed ohloride and nitrate, w —weight of 
control-dish before, and w l its weight after 
experiment (Analyst, 1815,24). 

A simple and accurate process of standardisa¬ 
tion consists in immersing weighed pieces of Jce 


6J 

Malysii 8th ed., orJ.Sqc. Chem. Ind. 1889.18, 
4). Th^table given in J. Soo. Chem. Ind. 1902, 
-1, 1511, may be employed whefl the specific 
gravity (15°/1B°) has been calculated without 
introducing any vacuum corrections, whioh 1 
must be allowed for if* the other tables are 
employed. Between tlft limits of 60 p.o. and 
81 p.c. the following formulae reproduce the 
values in the tables with an error not exceeding 
0-04 p.o. 5 

P « 86 S 15 - 69-00 
P = 86 - 68-82 

where P = percentage of sulphuric acid, and 
S 18 and S lg »— the specific Cavities referred to 
water at 15° and 18° respectively, calculated 
without allowing for ‘ air displaced * (Marshall, 

J. Soc. Chem*Ind. 1899, 18, 4). The diluted 
acid may be kept in a Btoppered bottle without 
change, and by weighing out the appropriate 
amount and diluting to% litre, a normal solution 
of sulphuric acid can be rapidly prepared. 

Oxalic acid. A normal solution is prepared 
by dissolving 63-02 grams of the recrystallisal 
hydrated^ acid^H 2 C 2 0 4 + 2H a O in water and 
,nAA c.c. As the crystallised acid 


land spar in a measured volume of the acid, and ’ d i, uting to IO oo Uw . ^ wyBWMIUWU ^ 
noting the Iom m weight of the spar after the | j 8 somewhat ©ffloresent, especially on slightly 
aoid IB. neutralised (Maseon, Chem. News 1900, warming, it may contain Ibbs than two molecular 
3 ’ t&tci. 1903. 87, 5 , e/. Thiele and proportions of water. The solution may be* 

Riohter, Zeitsch. angqpr. Chem. 1900, 13, 486). checked against a standard alkali, using phenol- 
Small quantities of standAd hydrochloric phthaleln as indicator, or against an accurately 

steudardised per—aJsolntiqn (c/. Tread" 


chloride in a weighed quantity of water and 
ascertaining the increase in weight (Moody, 
Chem. Soc. Trans. 1898, 73, 658; Higgins, J. 
Soc. Chem. Ind. 1900, 19, 958; Acree and 
Brunei, Amer. Chem. J. 1906. 36, 117). 

Sulphuric acid. An approximately normal 
solution is obtained by diluting to 1 litre 28 c.c. 
of pure concentrated sulphuric acid (sp.gr. 1-84). 

The solution may be standardised with pure 
sodium carbonate or oxalate (v . Hydrochloric 
acid), or a measured quantity treated with a 
slight excess of ammonia, evaporated to dryness, 
and the residual ammonium sulphate heated at 
120® and weighed. This method gives trust¬ 
worthy results only when pure redistilled acid 
is employed in preparing the solution (Weinig, 
Zeitsch. angew. Chem. 1892, 5, 204 ; Shiver, 
J. Amer. Chem. Soo. 1895, 17, 351 ; Hopkins, 
ibid. 1901, 23, 727; Marboutin and Pdcoul, 
Bull. Soc. chim. 1897, 17, 880). 

A measured volume of the acid is added to a 
weighed excess of sodium carbonate in a platinum 
dish, the solution evaporated, the residue dried 
at 300® and weighed. The change in weight due 
to the transformation of sodium carbonate into 
sulphate indicates the amount of acid present in 
the solution. This method is much preferable 
to precipitating and weighing the acid as barium 
sulphate (Thorpe, Quantitative Ann lysis, 1873. 
( Of. Richardson, J. Soc. Chom. Ind. T907,26, 78.) 

Sulphuric acid solutions of definite concentra¬ 
tion may be prepared by specific gravity measure¬ 
ments (Pickering, Chem. Soc. Trans. 1890, 57, 
64). A quantity jf the purest acid is diluted with 
half its volume of water, and the specific gravity 
of the mixture accurately determined at 15® or 
18 in a Sprengol pvknometer. The percentage 
of sulphuric acid in the solution Is then obtained 
??• to tables giving the values for 

Ifr/lfi or 18°/18® (v. Sutton’s Volumetry 


well-Hall, Analytical Chemistry, vol. 2). 

Oxalic acid solutions do not keep very well. 
A small quantity of metallic mercury added to 
the solution tends to stabilise it. 

Sodium hydroxide. To prepare a normtd 
solution, clear transparent lumps of the best 
white commercial caustic soda are selected, any 
opaque portions of their surface soraped off, and 
50 grams of the substance weighed out for eaoh 
litre of solution. The cooled solution is stand¬ 
ardised against the standard hydroohlorio acid, 
using methyl orange as indicator, and taking 
60 c.c. for each titration* 

For the preparation of sodium hydroxide 
solutions free from oarbonate, v. Kfister (Zeitsch. 
anorg. Chem. 1897, 13, 134 ; 1904, 41, 472, and 
Bousfield and Lowry, Phil. Trans. 1905,204, 253). 

Potassium hydroxide c/. Sodium hydroxide. 

Barium hydroxide. An approximately N/10- 
solution is best prepared from the -crystalline 
hydroxide Ba(OH) a , 8H-0. The powdered sub¬ 
stance is shaken with distilled wataT^h®rfolu- 
tion allowed to settle, the dear licjffid siphoned 
off and diluted with an equal volume of recently 
boiled-out water. The solution must be kept 
permanently in contact with that portion already 
in*the burette, and guard tubes are required 
to prevent access of carbon dioxide. The 
solution is standardised against succinio acid, 
phenolphthaleln being used as indicator * or a 
measured volume may be evaporated to dryness 
with a slight excess of pure sulphurio acid, the 
residual barium sulphate being gently heated 
and weighed. 

The chief use of this solution is in titrating 
organic acids, using phenolphthalein as indicator. 
For tliis purpose bar bon dioxide must be ex¬ 
cluded, and barium hydroxide is consequently 
the most convenient alkali to employ. 
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Ammonia. This solution is not often em- 
loyed ; an approximately semi-normal solution, 
jadily obtained by diluting 28 c.c. of concen- 
'atea ammonia solution to 1 litre, is titrated 
gainst hydrochloric acid in the cold, using 
lethyl orange as indicator; phenolphthalein 
annot be employed. * 

Schultze has determined the rates of expan¬ 
ion of normal solutions -of acids and alkalis 
nd other solutions employed in volumetric 
nalysis (Zeitsch. anal. Chem. 1882, 21, 170). 
’he following are the results for average 
emperatures 
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• 
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Oxalic acid 

Hydro¬ 
chloric acid 

Nitric acid 

0" 

10000 

10000 

10000 

10° 

10010 

10010 

10018 

15° 

10019 

10019 

10031 

20° 

10031 

10030 

10045 

25° 

10046 

10043 

10061 



Sulphuric 

Potassium 

Sodium 


acid 

hydroxide 

hydroxide 

0° 

10000 

10000 

10000 

10° 

10017 

10019 

10021 

15° 

10029 

10031 

10034 

20° 

10044 

10046 

10048 

25° 

10060 

10062 

10065 


Typical Acidimetric and Alkalimetrio 
Estimations. 

* Deteflninatlon of total aJJjall. A weighed 
[uantity of the substance (10 grams) is dissolved 
a water, filtered if necessary, and diluted to 
00 c.c.; 60 c.c. are withdrawn, mixed with a 
neasured excess (26 c.c.) of normal acid, boiled 
;ently for ten minutes to expel carbon dioxide, 
,nd the excess of acid determined with standard* 
.lkali. The volume of standard acid minus the 
xcess of acid gives the volume of acid required 
o neutralise the total alkali, i.e. the alkali 
>resent as hydroxide, carbonate, sulphide, 
ulphite, thiosulphate, aluminate, and silicate, 
f methyl orange is used as indicator, boiling is 
mneeessary, and the alkaline solution is titrated 
lireotly with standard acid. If direct titration 
vith litmus as indicator is preferred, the solution 
mist be continu ously boiled during the titration. 

AlkalM'ttydroxide in presence of carbonate. 
[00 c.o. of the above solution are heated, mixed 
vith excess of barium chloride, allowed to cool, - 
lUutod to 260 c.c. and well shaken. When the 
precipitate has settled, 60 c.c. of the clear liquid 
ire withdrawn and titrated with standard acid. 
The quantity of acid used x 25 gives tho volume 
•quivalent to the hydroxide in the weight of 
lubstance originally taken. The reaction which 
lakes plaoe ia expressed by the equation 

cM.OO, + yMOH + (* + |>B»d, 

» xBaCO,+ |BaH,0f + (2z+ y )MCI. 

* , • 

rhe barium carbonate is precipitated and a 
quantity of bariu* hydroxide equivalent^*) tho 
mcaJtne hydroxide remains in solution.* The 


solution cannot be filtered, since the barium 
hydroxide would absorb oarbon dioxide from the 
air with formation of the insoluble oarbonate. 

In order to avoid error due to the presence of 
the precipitate, and to economise time, Watson 
Smith (J. Soc. Chem. Ind. 1882, 1, 86) prefers to 
add just sufficient barium chloride to precipitate 
tho carbonate without affecting the hydroxide. 
No barium remains in solution, and even if car¬ 
bon dioxide is absorbed tho alkaline oarbonate 
formed remains in solution. The barium 
chloride is added gradually to the hot solution 
until precipitation is just complete, and the 
liquid is filtered into a 250 c.c. flask and an 
aliquot portion titrated. It is preferaMb for the 
liquid containing the precipitate to bo diluted to 
250 c.c., the precipitate allowed to settle, and 
50 c.c. of the supernatant liquid withdrawn. 
(For various details and precautions, v. Sorensen 
and Andersen, Zcitsch. anal. Chem.1908,47,279.) 

Carbonate in presence of hydroxide. The 
solution 1 is coloured a very faint yellow with 
phenaoetolin, and standard acid is added until 
the yellow colour changes to a rose tint. The 
volume of acid required gives the amount of 
hydroxide present. A further quantity of acid 
is now added, and tho red colon# increases in 
intensity, but eventually changes to yellowish- 
red, and finally to golden-yellow. At this point 
a second reading is takeri? and the difference 
between this and tho first reading gives the 
volume of acid corresponding with the carbonate 
present (Lunge, J. Soc. Chem. Ind. 1882, 1, 60). 
This method is not available for the estimation 
of small quantities of hydroxide in presence of 
large quantities of carbonate (Thomson). 

The following method, duo to Warder, gives 
fairly satisfactory results: To the cold dilute 
solution phenolphthalein is added and standard 
hydrochloric acid run in slowly, the burette lip 
being immersed in the liquid, till deeolourisation 
takes place. This occurs when all the hydroxide 
and half the carbonate have been neutralised. 
Methyl orange is then added and the solution 
titrated again till an acid reaction is indicated. 
If this second titration requires y c.c. and the 
first one x c.c., then the carbonate is equivalent 
to 2y c.c. and the hydroxide to x—y c.c. (Kuster, 
Zeitsch. anorg. Chem. 1896, 13, 127; Lunge, 
Zeitsch. angew. Chem. 1897, 10, 41 ; North and 
Lee, J. Soc. Chem. Ind. 1902, 21, 322; cf. 
Cameron, Amer. Chem. J. 1900, 23, 471). 

In order to estimate the proportion of car¬ 
bonate in quick-lime or slaked lime, the purpose 
for whi<jh phenaoetolin was originally recom- 
monded toy Degener, 100-150 grams of the lime 
are made into a cream with water and diluted 
to 500 c.c. After vigorous agitation 100 c.o. are 
withdrawn and diluted to 1000 c.c., and 25 c.o. 
of this liquid are taken, mixed with phenaoetolin, 
and standardiaoid added until a pale-rose tint is 
obtained. In order to estimate both hydroxide 
and carbonate, the substance is dissolved in 
standard acid and the excess of aoid deter¬ 
mined by reverse titration in the usual way 
(Lunge, l.c.). 

Add carbonate in presence of normal car¬ 
bonate. The cold and dilute solution of normal 
carbonate and aoid oarbonate is mixed with 
phenolphthalein, %nd standard acid added, the 
burette tip dipping into the liquid to prevent 
eseape of oarbon dioxide, until the liquid be- 
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comes colourless. At this point, which corre¬ 
sponds with the complete conversion of the 
normal carbonate iftto acid carbonato, the volume 
of acid added is read off. The liquid is then 
boiled and acid is added gradually until the 
solution remains colourless even after long 
boiling, and the volume of acid is again rend 
off. If x represents the first reading, and y the 
second reading, then 2x = the normal carbonate, 
and y—2x — the acid carbonate (Warder, Chem. 
News, 1881, 43, 228). ' 

Lunge (J. Soc. Chem. Ind. 1882, 1, 67) 
proposes a different method based on the 
reaction: % 

kMoCOs + j/MHOOn + zNH 3 + (x + y)BaCl 2 
=(2a + |/)MCi + j/NHiCI + (z + iOBaC0 3 + (z - y)NTT 3 . 
The solution to be tested is mixed with a mea¬ 
sured excess of standard (half-normal) ammonia, 
exoess of barium chloride added, and the liquid 
diluted with recently boiled water to a definite 
volume. When the precipitate has settled, an 
aliquot portion of the clear liquid is withdrawn 
and titrated with standard acid in order to as¬ 
certain the excess of ammonia. The difference 
between the volume of ammonia added and that 
remaining after precipitation gives the volume 
corresponding with the quantity of acid carbonate 
in the liquid analysed. 

By adding a definite excess of pure sodium 
hydroxide free from carbon diefltide, a mixture 
of normal carbonate and hydroxide is obtained 
which may be analysed as described above. 

Ammonia. In order to determine the quan¬ 
tity of free ammonia in a solution of the gas, an 
accurately measured quantity (10 c.c.) of the 
liquid is transferred to a light fared flask, and 
weighed. This gives at once* the weight taken 
for analysis and the sp.gr. The liquid is then 
titrated with r.tandard acid in the usual way, 
using litmus, laemoid, or methyl orange as 
indicator. 

Ammonia in combination is determined by 
boiling the substance with sodium hydroxide, 
leading the ammonia into a measured excess of 
standard acid, and determining the residual acid 
with standard alkali. The substance is weighed 
into a flask fitted with a cork, through one hole 
in which passes a pipette containing a strong 
solution Of sodium hydroxide, whilst through 
another passes a tube leading to a flask or bulb 
U-tube containing a known volume of standard 
acid. The flask or U-tube is fitted with a cork 
which carries a calcium chloride tube containing 
beads moistened with some of the acid in order 
to ensure complete absorption of tho ammonia. 
After addition of the sodium hydroxide solution 
the liquid is gently boiled for half an hour, and 
the residual acid detcAiined. From the volume 
of acid which has combined with the ammonuf 
the quantity of the latter is readily calculated. 
The sodium hydroxide may be repla&d by milk 
of lime, and the most effectual method of 
removing the ammonia is to distil the mixture 
in steam. The use of magnesia in place of 
sodium hydroxide ii not advantageous (Kober, 
J. Amer. Chem. Soc. 1908, 30, 1279). (For a 
different method of distilling off the ammonia, 
v. Kober (J. Amer. Chem. Soc. 1908, 30, 1131). 
8ee also Ronch&se (J. Pharm. Chim. 1907, 26, 
611) and Wilkie (J. Soo. Chem. kid. 1910, 29, 6) 
for a. method of estimation entirely different in 
principle from the foregoing.) • 

• 


Hydrochloric, Hydrobromic, Hydrlodlc, Sul¬ 
phuric, and Nitric acids are readily estimated by 
direct titration with standard alkali‘using methyl 
orango as indicator. 

Oxalic, Tartaric, Citric, Acetic, and Lactic 
acids can likewise be titrated accurately with 
^standard alkali if phe^jJJibthalein is UBed as the 
indicator (Thomson, l.c.). Oxalic acid may llso 
be titrated using litmuft as indicator. 

Boric acid gives no very definite reaction 
with the majority of indicators, but it is quite 
neutral to methyl orang% and hence the quantity 
of alkali in akaline borates can be accurately 
estimated b^ direct titratfon^vith standard acid 
if methyl orange is used as indicator (Thomson). 

The titration of boric acid itself becomes 
possible if the solution contains at least 30 p.o. 
of its volume of glycerol. The boric aoid then 
behaves towards phenolphthalein as a monobasio 
acid (Thomson, J. Soc. Chem. Ind. 1893,12, 432; 
Jorgensen, Zeitsch. angew. Chem. 1897, 10, 6; 
Honig and Spitz, ibid. 1896, Ifc 649 ; Copaux, 
Compt. rend. 1898, 127, 766). A similar result 
is effected by saturating the solution with 
mannitol. Since phenolphthalein is employed, 
carbon dioxide jnust not be present in the 
solutions to be titrated (Jones, Amer. J. Sci. 
1898, 7, 147; Stock, Compt. rend. 1900, 130, 
610). 

Sulphurous acid can be titrated directly if 
methyl orango, phenolphthalein, or aurin is used 
as indicator (Lunge, Ding], poly. J. 260, 630). 
With methyl orange tho hydrogen sulphite 
MHS0 3 is the neutral salt, whilst with the other 
two’indicators the normal salt is neutral. This 
difference can bo utilised for the determination 
of the relative proportions of normal and acid 
sulphite in the sanjp solution (Blarcz, Uompt/ 
rend. 1886, 103, 69; Chem, Soc. Abst. 
1886, 60, 918). Caustic soda, or polish must 
be used, since ammonia gives inaccurate results. 

Phosphoric and Arsenic acids are monobasic 
with methyl orange, and dibasic with phenol- 
pMhaleiin (Joly, Compt. rend. 1882, 94, 629; 
Chem. Soc. Abst. 1882, 42*692). These acids 
can be most accurately titrated with barium 
hydroxide, using phenolphthalein as indioator. 
Towards the close of the reaction, time must 
be allowed for the gelatinous tribarium phosphate 
to change into tho crystalline dibarium salt 
(Joly, Compt. rend. 1886, 102, 316; Chem. Soc. 
Abst. 1886, 60, 418). Advantage can be taken 
of tho different basicity with methyl orange 
and phenolphthalein to estimate phqsphyrijy|pid 
in presence of monobasic acids sudfPHHiyaro- 
chloric acid (Joly, Compt. rend. 1886, 100, 66; 
Chem. Soc. Abst. 1886, 48, 348). 

(For another simple and accurate method, v. 
Senile, Zeitsch. anal. Chem. 1895, 34, 33.) 

Carbonic acid in solution is estimated by 
adding excess of ammonia and calcium chloride. 
The liquid is then boiled, and the precipitated 
calcium carbonate collected, well washed, and 
dissolved in a measured excess of standard hydro¬ 
chloric acid, the excess of acid being determined 
by means of standard alkali. The volume of 
normal acid actually used multiplied by 0*022 
gives the quantity W carbon dioxide. 

Insoluble carbonates are weighed into a flask 
fitted with a cork which carries a bul^ and 
delivery •tube. The bulb contains moderately 
strong hydrochloric acid, whioh if allowed to 
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drop slowly oo the oarbon&te, and the evolved 
gas is led into a flask containing strong afnmonia 
solution. This flask is dosed with a oork, 
through which passes the delivery tube, which 
■ends just above the surface of the liquid. The 
oork also carries an exit tube filled with glass 
beads moistened with ammonia to arrest the 
last traoes of carbon dioxiCfc. When all the gas 
has been expelled from the carbonate the am¬ 
monia is mixed with calcium chloride, boiled, 
and the precipitate treated as above; cf. Gooch 
and Phelps (Amer. J. Sci. 1895, 50, 101). With 
slight modification this j&rocess can be adapted 
to the estimation of carbon dioxide in aerated 
waters. f • * 

For the direct titration of carbon dioxide in 
solution, v. Seyler (Analyst, 1897, 22, 312); 
Ellms and Beneker (J. Amer. Chain. Soe. 1901, 
23, 405); and Forbes and Pratt (J. Amer. Chem. 
Soo. 1903, 25, 742). 

Hydrofluoric acid may be accurately titrated 
with sodium hydroxide free from carbonate, 
using phenolphtffhlein as indicator (Winkler, 
Zeitsch. angew. Chem. 1902, 15, 33; cf. Haga 
and Osaka, Chem. Soc. Trans. 1895, 67, 251 ; 
and J. Amer. Chem. Soc. 1896, 18, 415; 
Monatsh. 1897, 18, 749). 

Hydrofluosiliclc acid may be titrated with 
•sodium or barium hydroxide in the presence of 
aloohol (an equal volume is added) using phenol- 
phthalein or lacmoid as indicator; the alcohol 
renders the salt produced insoluble in the solu¬ 
tion; v. Sahlbom and Hinrichsen (Bar. 1906, 
39, 2609); cf. Sohucht and Moller (Ber. 1906, 
39, 3693); and Honig and Szabadka (Chem. 
Zeit. 1907, 31, 1207). 

Combined acids in salts may be estimated 
with approximate accuracy by adding to a solu¬ 
tion of the salt a measure# excess of sodium 
hydroxide or carbonate. The liquid is boiled, 
allowed to cool, and diluted to a definite volume. 
When the precipitate has settled, an aliquot 
portion of the clear liquid is withdrawn, and the 
excess of alkali determined by titration. From 
the volume of alkali used the proportion of acid 
in the salt is calculated. In order to avoid the 
error due to the presence of the precipitate, the 
liquid may be filtered before diluting to a definite 
volume, but methyl orange or cochineal must be 
used as indicator in order to avoid any error 
from carbon dioxide absorbed from the atmo¬ 
sphere. Salts of copper, silver, mercury, cobalt, 
nickel, iron, and chromium are precipitated with 
sodium hydroxide; salts of calcium, barium, 
strofor ttft j M iii i) gnesium, aluminium, zinc, bismuth, 
and manganese, with sodium carbonate. 

Kieffer’s method is useful for coloured solu¬ 
tions, or in presence of normal salts with acid 
reactions (Annalen, 1855, 93, 386). Sixty grams 
of orystallised cupric sulphate are dissolved in 
water, mixed with ammonia until the precipitate 
is.* almost but not quite dissolved, diluted to 
about 900 o.c., the solution left for some time, 
and the clear liquid siphoned off, or filtered 
through glass-wool, and diluted to 1000 c.c. 
If any further precipitate forms, it must be 
siphoned off or collected. If the solution of 
cuprammonium sulphate thm^btained is added 
to an acid liquid, so long as the acid is in excess 
an ammonium salt and cupric sulphate are 
formed^ but as so*n as the free acid is neutralised, 
the ammonia* in a fresh quantity of dupram- 


monium sulphate reacts on the oupric sulphate 
already in tne liquid and produces a precipitate 
of a basic salt, the formation whicn indicates 
the point of saturation. The precipitate is most 
readily seen against a black background. In 
order to standardise the liquid, 10 o.c. of normal 
sulphurio acid are plaoed in a flask or beaker 
and Kieffer’s solution added until a permanent 
precipitate is produced, and from the volume 
of solution required, its strength in terms of 
normal acid is readily calculated. The strength 
of the solution gradually diminishes, and it must 
be titrated from time to time. In making an 
actual determination, the Kieffer’s solution is 
added to the liquid to be tested uofcil a per¬ 
manent precipitate is formed. The method is 
not very accurate, owing mainly to the fact that 
the precipitate is not quite insoluble in solutions 
of ammonium salts, and therefore the end re¬ 
action does not take place until the liquid is 
saturated with the basic salt. The magnitude 
of the error depends on the concentration 
of the solution. When the liquids*to be ti¬ 
trated contain barium, strontium, &o., the 
Kieffer’s solution must be prepared with cupric 
nitrate. 

(For other methods, v. Sims ^Chem. News, 
1907, 95, 253) and Ahlum (Chem. Soc. Proo. 
1906, 22, 63).) 

Bibliography Mohr’s •Chemisch-Analytische 
Titrirmethode, 6th ed. 1886; Sutton’s Volu¬ 
metric Analysis, 9th ed. 1904; Fresenius’ 
Quantitative Chemische Analyse, v. 2, 6th ed.; 
Treadwell-Hall, Analytical Chemistry, v. 2, 2nd 
ed. 1910; Lunge’s Technical Chemist’s Hand¬ 
book ; Cohn’s Indicators and Test Papers, 2nd 
ed. 1902 ; Glaser’s Indikatoren der Acidimetrie 
und Alkalimetrie. 1901. G. T. M. * 

ACID ALIZARIN, -BLACK, -BROWNS, 
-PONCEAU, -YELLOWS v. Azo- colouring 

MATTERS. 

ACID MAGENTA, ACID VIOLET v. Tri- 

PHENYLM ETHANE COLOURING MATTERS. 

ACIDINE BRILLIANT RED v. Azo- colour¬ 
ing MATTERS. 

ACIDOL. Trade name for lictaine hydro¬ 
chloride. 

ACIERAL. An alloy, said’ to be made by 
first melting together A1 76, Ni 10. Ag 15, 
Co 2-5, Cu 3-5, W 0-5, Cd 1*0, Sn 1-5, in an 
electric furnace and stirring the fused mass 
into nine times its weight of aluminium, heated 
in a plumbago crucible lined with magnesia in 
an ordinary furnace (Fr. Pat. 473412, 1914). 
The alloy is silver-white, of sp.gr. 2-82, and 
m.p. 750*. Its tensile strength in castings is 
stated to bo 30,000, in rods ana sheets as 28,000- 
64,000, and heat-treated as^0,000 lbs. per square 
i^ch. It may be cast, forged, drawn, rolled, 
tempered, electroplated, and soldered. It is 
reported to ^ave been used by the French Govern¬ 
ment for the manufacture of helmets (Eng. and 
Min. J. 1917, 103, 730). 

ACITRIN. Trade name for the ethyl ester 
of 2-phenyl-quinoline 4-carboxylic acid. Used 
on account of its analgesic action in the treat¬ 
ment of sciatioa and gout, and as uric acid, 
eliminants. 

» ACME YELLOW v. Azo- colouring maUBS. 

ACOCANTffljjRA SCHIMPERI. The arrow- 

poisona of East Africa are prepared from the 
wood of the genus Acocantkera, which contains a 
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crystalline glaooside, acocantherinin C t0 H 4 ,O It , 
H,0 (Anumd), C,,H m O„ (Faiut). Crystallises 
from water and alcohol; insol. in ether or ohloro- 
form; sol. neutral and bitter. Strong snlphurio 
acid gives a red colour eventually becoming 
green. On boiling with dilute mineral acids is 
hydrolysed with formation of rhamnose. Is 
optioaQy inactive, softens at 130° and decom¬ 
poses at 220°. The pharmacological action of 
the glucoside resembles that of members of the 
digitalin group (Fraser and Tillie, Proc. Roy. 
Soc. 58, 70; Faust, Chem. Zentr. 1902, 2, 
[19] 1217 ; Cf. STKOfllANTHtrs). 

ACOINE. Trade name for dt-p-anisylmono- 
phenetylgjanidine hydrochloride. Used as a 
local anaesthetic. 

ACONITINE AND THE ACONITE ALKA¬ 
LOIDS. The alkaloids of the various species of 
Aconitum which have been examined chemically, 
fall into sharply differentiated groups. The 
first, of which aconitine itself is the type, includes 
a number of highly toxic alkaloids (the aconi¬ 
tines), which are diacyl esters of a scrios of 
polvhydroxy bases containing four methoxyl 
groups (the, aconines). The following ‘ aconi¬ 
tines ’ are known :— 

Aconitine f^pm Aconitum Napellus (Linn.), 
/b'/cftaconitine from Aconitum spicatum 
(Stapf.), 

Jndaconitino from* Aconitum ckasmanthum 
(Stapf.), • 

t/npaconitine from Japaneso aconite roots, 
Psewdaconitine from Aconitum deinorrhizvm. ' 
The alkaloids of A. Vvlparia (~A. Lycocto- 
num) and A. septentrionale constitute a second 
group of toxic alkaloids derived from aconites, 
while there is a third group which contains 
non-toxic alkaloids typified by atisine and 
comprises the following :— 

Atisine from Aconitum heterophyllum (Wall.), 
Pcdmatisine from Aconitum palmatum 
. (D. Don.). 

Aeonltine is the principal alkaloid of Aconitum 
Napellus (Linn.), the common monkshood or 
wolfsbane ( Coqueluchon , Fr.; Eis°nhut, Sturm- 
hut, Ger.), in which it occurs along with its 
decomposition products, benzaconine and aco- 
nine. Aconiti radix, B.P., is the full-grown 
daughter root only. Aconitum, U.S.P., is the 
root containing at least 0'S p.c. of aconitine. 
Aconitina, B.P., U.S.P., is the alkaloid. Aconi¬ 
tine was isolated by Geiger and Hesse (Annalen, 
1833, 7, 270), but first obtained in a crystalline 
state by Groves (Pharm. J. 1860, [ii.J 8, 121). 
Wright and Luff assigned to it the formula 
C, a H 4 |O ia N (Chem. Soc. Trans. 1877, 31,• 143 ; 
1*878, 33, 151, 818), and later Dunstan and his 
collaborators (ibid. 1891, 59, 271 ; 1892, 61, 
885) adopted for it flie formula CjjH^OjjN* 
a slight modification of that used by Wright 
and Luff (l.c.). Until now almost aU the work 
on crystallised aconitine had been done on 
alkaloid prepared from the roots of Aconitum 
Napdhis grown in England. In 1894 analyses 
of the crystallised aconitine of commerce, 
probably from root", of Aconitum Napellus grown 
hi Germany, were made by Freund and Beck, 
who assigned to the alkaloid the formula 
(Ber. 1894, 27, 433), and their 
rGealta #ere confirmed by Schulze (Arch. 

■ Pharm. 1906, 244, 167), who* preferred the 
formula C 94 H 44 0 tl N. This latter formula has, 
* StaL. L— T. 


been aooepted by Dunstan and Henry (Trans. 
Chem. S8c. 1905, 87, 1850) as representing the 
composition of the present day 'aconitine of 
commerce. The earner formulae with less 
carbon are either due to botanical differences 
(the English root is now difficult to obtain) o* 
to the escape of methan* in the combustions. 

Preparation. The ^finely-powdered root is 
exhausted with amyl alcohol mixed with three 
times its volume of wood spirit. From this 
extract the wood spirit is distilled under reduced 
pressure, leaving the whole of the alkaloids 
diasolvcd in the residue.of amyl alcohol from 
which they arc removed by agitation with 
dilute (1 p.c#) sulphuric acid. "This acid aqueous 
liquid is shaken with ether to remove ether- 
soluble, non-basic substances, then made alka¬ 
line with dilute afomoma and the liberated 
alkaloids extracted with ether. The aconine 
remains dissolved in the water, the aconitine 
with some benzaconine passing into the ether. 
The ethereal solution is washed with a small 
quantity of water and evaporated. The residue 
is converted into hydrobromide by dissolving 
it in dilute hydrobromic acid, care being taken 
to avoid excess of acid. The exactly neutral 
liquid is evaporated to a small volume and 
allowed to crystallise. The aconitine hydro¬ 
bromide is recrystallised imt.il of constant 
melting-point, and then is converted into the 
alkaloid by the addition of a slight excess of 
ammonia to its aqueous solution, the alkaloid 
being extracted by ether in the usual way. The 
washed ethereal solution is dried by agitation 
with fused calcium chloride and evaporated. 
The small crystals, whioh are deposited as the 
ether evaporates, mav be recrystallised from 
dry alcohol by the addition of ether. • 

Properties. Coloifrless, anhydrous hexagonal 
prisma, belonging to the rhombic system (Gnem. 
Soc. Trans. 1891, 59, 288 ; Ber. 1894, 27, 722; 
Arch. Pharm. 1906, 244, 169). Easily soluble 
in chloroform or benzene, less readily in absolute 
alcohol or ether, very slightly soluble in water, 
almost insoluble in light petroleum. The 
aqueous solution is alkaline to litmus; m.p. 
196°-197°. Dextrorotatory ; in alcoholic soiu- 
tion fal D = 4 -12° 32'. Salts laevorotatory. 

Aconitine is a most powerful poison (Cash and 
Dunstan, Phil. Trans. 1898, 190, 239). Between 
A and Jjj of a grain has been recorded as a fatal 
human dose. 

The ordinary salts of aconitine crystallise 
well. The hydrobromide B'HBr,2|HjO isJagp* 
rotatory, [aJ D :=-30-47°; m.p. 103‘'-"or2O6 0 
(anhydrous). The hydriodide, m.p. 220°, is 
crystalline, and sparingly soluble in water. The 
aurichloride B HAuC 1 4 is thrown down as a 
palAyellow amorphous precipitate from solu¬ 
tions of the hydrochloride and auric chloride. 
It crystallises from alcohol with 3H.0 and then 
melts at 135-5°; the anhydrous salt has m.p. 
152° (Freund, Ber. 1894, 27, 724). 

Reactions. When aconitine is heated at its 
melting-point it loses 1 mol. of acetic acid and 
furnishes a new alkaloid pyraconitine, and this, 
on hydrolysis wit^,water or aeida, furnishes 
1 1 mol. of benzoic acia and a new base pyraconim. 

* Whdh a. salt of aconitine is heated with 
water, a gnoleoule of acetic acic^is split of And 
the alkatoid benzaconine, which also occurs id 
• _ 

,* • * 
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aconite roots, and has boon variously known aa 
picraconitine, isaconitine, mpelline t < &c., iB 
formed. Benzaconine, in turn, by hydrolysis 
with alkalis or aoids, furnishes 1 mol. o\ benzoic 

4l ■*W» and the alkaloid aconine, which is the 
final basic product of the hydrolysis. Aconitine 
is therefore acdylbenzoyfyiconine. 

On treatment with al -tvl chloride aconitine 
fumiaheB a triacetyl derivative (m.p. 207°~208°). 
When heated with hydnodic acid it yields four 
mols. of methyl iodide, and must therefore con¬ 
tain four metnoxyl groups. It also contains a 
methyl group linked to nitrogen. On oxidation , 
with acid permanganate aconitine yields acetal¬ 
dehyde and a njutral crystalline substance 
oxonitine (Carr, Chom. Soc. Trans. 1912, 101, 
3241). This substance was also obtained bv 
Brady (Chem. Soc. Trans. 1913, J03, 1821), and 
is most readily prepared by oxidation with 
permanganate in acetone solution (Barger and 
Field, Chem. Soc. Trans. 1915, 107, 231). The 
formula is most likely C 24 II 211 0 8 N. m.p. 276°- 
277° (bath previously heated to 260°). Further j 
oxidation with nitric acid yields a nitroso- 
dicarboxylic acid C 22 H 2B 0,',N 2 , m.p. 205° 
(Brady). Oxonitine is also formed by the 
oxidation of japaconitine and deserves further 
investigation. 

l Ik is probable from the foregoing summary 
of the chief reactions of aconitine that it may be 
regarded as derived from a parent base C 20 H 3I N. 


BzO> C » H >i NMe <(OMe), 

Aconitine 

Detection and estimation. —The identification 
of the alkaloid is best accomplished by the 
'-determination of the physical constants of its 
characteristic derivatives, r but where minute 
quantities only are available the characteristic 
preoipitate given with potassium permanganate 
(Dunstan and Carr, Pharra. J. 1896, [iv.] 2, 122), 
and the peculiar tingling sensation produced 
when even very dilute (1 in 4000) solutions of 
aconitine are applied to the tip of the tongue 
may bo utilised, but these reactions are equally 
applicable to the 4 aconitines ’ as a class. Various 
methods for the estimation of aoonitine in aconite 
roots have been proposed, but, as a rule, these esti¬ 
mate some benzaconine and aconine as well as 
aconitine, and are useless as methods of deter¬ 
mining the medicinal value of the roots, since this 
depends essentially on the amount of aconitine 
p resent . Aconitine itself may be estimated by 
hyQKMyjjug it and determining the amount of 
aoetio acid formed, but this method cannot be 
used for the estimation of aconitine in the plant 
sine© the latter contains other substances which 
yield aoetio acid (Dunstan and Tickle, Phaym, 
J. 1896, [iv.] 2, 126). 

Benzaconine C„H 13 o 1(> N has also been 
■ called isaconitine, picraconitint, and mpeUme 
by various observers. It oooura with aconitine 
in aconite roots, and may be isolated from the 
mother liquors from which aconitine hydro- 
bromide has been crystallised, and is also pro¬ 
duced by heating an aqueous solution of an 
aconitine salt in a closed tihso. 

Properties. Amorphous,dextrorotatory base 
furnishing crystalline, levorotatory salts. The 
hydreftromide crystallises in prisms, m.p. 273° 
(Schulze, l.c.fc the hydrochloride occurs in two 
forms, m.p. 217° and 208® (Freund and Book, 


Ber. 1894,27,729); the hydriodide has m.p 204®- 
205°. The auriohloride has m.p. 136°. Accord¬ 
ing to Schulze (l.c.) the tetrapetyl derivative of 
benzaconine is identical with triacetylaoonitine. 

With the removal of the aoetyl group from 
aconitine the characteristic toxicity disappears 
and benzaconine is not toxic in the ordinary 
sense. In some respects its physiologioal action 
is antagonistic to that of aoonitine (Cash and 
Dunstan, Phil. Trans. 1898, 190, 239). 

Aconine 0 28 H 39 0 9 N, the ultimate basic 
product of the hydrolysis of aconitine or benza¬ 
conine is amorphous and dextrorotatory, but 
yields hygroscopic lsevorotatory salts. It is 
readily soluble in water, alcohol, or chloroform, 
but almost insoluble in ether or light petroleum. 
The hydrochloride BHCl,2H o 0 has m.p. 175°-* 
176°, and the hydro bromide B*HBr,l£H 2 0, 
m.p. 225°. The aurichlorido is amorphous. 
Ihe base furnishes a crystalline tetracctyl deriva¬ 
tive, m.p. 231 °-232° (Schulze, l.c. 1906, 244, 
177). On oxidation with permanganate it fur¬ 
nishes acetaldehyde and an amorphous base, 
but with chromic acid it yields mcthvlamine and 
two new bases (OH) 4 C 20 H 19 O(OMe) 3 NMe and 
the former an 
amino alcohol and the latter in amino acid 
(Sehulzo, Arch. Pharm. 1908, 246, 281; cf. Carr,' 
Proc. Chem. Soc. 1912,28,253; Brady,p.289). 

Bikhaconitlpe C 3# H 61 V> n N. The character¬ 
istic alkaloid of A coni turn spicahim (Stapf.), the 
roots of which constitute ‘ bikii ’-aconite of 
North Western India. It may be extracted 
from the roots by a slight modification of the 
process described under aconitine. The alka¬ 
loid was isolated and characterised by Dunstan 
and Andrews (Chem. Soc. Trans. 1905, 87, 1636). 

Properties. Separates from ether in button¬ 
shaped masses, m.p. 118°-123°, or from alcohol 
on addition of w'ater in white granules con¬ 
taining IH g O, m.p. 113°-116°. Dextrorotatory 
*■ +12‘21° in alcohol). The salts are 
lsevorotatory. The hydrochloride B HC1,5H 2 0, 
m.p. 159°-161° (anhydrous), crystallises and has 
[«lx> — 8-86° (in water); the hydrobromide 
B-HBr.5H 2 0, m.p. 173°—175° (anhydrous) is 
crystalline and has [«] n —12*2° ; the hydriodide 
B-HI,2£H 2 0, m.p. 193°-194° (anhydrous), crys¬ 
tallises in needles, and is sparingly soluble in 
water; the aurichloride B-HAuCl 4 crystallises 
in canary-yellow needles, m.p. 232°-233°. Like 
all the' aconitines ’ bikhaoonitine is highly toxic. 

Reactions. Bikhaoonitine contains six meth¬ 
od 1 croups. When heated at 180° it loses 1 
mol. of acetic acid and forms pyrobikhaconitin© 
(amorphous, giving amorphous salts). It under 
goes hydrolysis in two st^es, thus— 

Bikhaconitine. Veratroylblkh3confne. Aoetio add. 

"■ y..H,jP I0 N+H,O=C, 6 H 41 O,N+C,H lc O, 

veratroylbikhaconine. Bikhaconlne. Veratrloadd. 
Bikhaconitine, therefore, resembles pseudaconi- 
tine {see p. 634) in furnishing veratrio aoid in 
, the second stage of its hydrolysis. The alkaloid 
is, therefore, acetylveratroylbikhaconine, and 
j may be represented thus— 

[MaO],C 1 ,H 1 ,ON<Qy® 

Veratroylbikhaconine C, t H„0„N, the first 
basic hydrolytio product of bikhaconitine, 
'«> amorphous and dextrorotatory ([a] D =-f 29-9° 
in aleohol). The hvdroohloride and hvdm. 
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bromide are amorphous, but the hydriodide 
crystallise* in rosettes of needles, m.p. 189°-190°, 
The nitrate formorosettes of hexagonal prisms, 
m.p. I75M78 0 . The auriohloride forms orange- 
yellow rosettes of prismatic crystals, m.p. 145°- 
148° (anhydrous). 

Bikhaconine C 2b H 41 0 7 N, the final basio 
produot of the hydrolysis of bikhaconitine or 
veratroylbikhaconine. It is dextrorotatory and 
amorphous, but unlike the * aconines ’ as a olass, 
furnishes well-defined crystalline salts. The 
hydrochloride occurs in rosettes of crystals, 
m.p. 125°-130°, the hydrobromide in tetragonal 
prisms, m.p. 145°-150°, and the aurichlorido 
• B-HAuCl 4 ,3H 2 0 

in glistening rhombic plates, m.p. 129 8 -132° 
(hyarated), or 187°-188° (anhydrous). 

Indaconitlne C 84 H 47 0 10 N is the characteristic 
alkaloid of Aconttum chasmantkum (Stapf.), a 
species indigenous to India, where it is known 
as ‘ Mohri. It may be extracted from the 
roots by the process described under aconitine. 
The alkaloid was isolated and characterised by 
Dunstan and Andrews (Chem. Soo. Trans. 1905, 
87, 1620). 

Properties. Indaconitine crystallises in 
several characteristic forms, but oan be obtained 
in crystals, which are almost identical in form 
with those of aconitine (see above). It has m.p. 
202°-203°, and is dcxfcftrotatory £ 2 ]^ *= -f 18° 17'. 
The salts crystallise well and are leevorotatory. 
The hydrochloride B*Hd,31I 8 0, m.p. 166°-171° 
(anhydrous), [ 0 ]^= —15° 50', forms rosettes of 
silky needles; the hydrobromide, m.p. 183°- 
187°(anhydrous), [a]^——17°16’, crystallises from 
water in large hexagonal prisms; the auri- 
chloride B*HAuCl 4 ,CHCl 8 , m.p. 147°-152°, forms 
rosettes of needles from chloroform by addition 
of ether. 

Indaconitine gives a characteristic crystalline 
preoipitate with potassium permanganate, the 
crystals being smaller and less stable than those 
given by aconitine. Like aconitine, indaconitine 
is highly toxic (Cash and Dunstan, Proc. Boy. 
Soo. 1905, B, 76, 468). 

Reactions .—Indaconitine contains four meth- 
oxyl group*. On hydrolysis it behaves in a 
manner analogous to aconitine, yielding in the 
first stage acetio acid and indbenzaconine, the 
latter, on further hydrolysis, furnishing benzoic 
acid and pseudaoonine. The latter is also the 
final basio hydrolytio produot of pseudaconitine 
(p. 634), so that pseudaconitine differs only 
from indaconitine in containing a vcnatroyl 
group in place of •* benzoyl group. Indaconitine 
is therefore acetylbenzoylpseudaconine, and may 
be represented thus— 

[Me0],C„H„0,N<Qg° 

Indbenzaconine (Benzoylpseudaifoiune) 

c 8 ,h„o 9 n 

the first basio produot of the hydrolysis of 
indaconitine is amorphous and dextrorotatory, 
[a] D =-f33 0 35', bat furnishes well orystallised, 
levorotatory salts. The hydrobromide 
B*HBr,2H t O, 

m.p. 247* (anhydrous) forma rosettes, the 
hydrochloride B-HC1, m.p. 242°-244°, oota- 
bsdxa, and the auriohloride, m.p. 180°-182° f . 
orange rosette*. The auriohloro derivative m.p. 
234 -285*, forms •minute colourless crystals. 


On hydrolysis with alkalis indben 2 aoonine 
furnishes 9 benzoio ibid and pseudaoonme (set 
p. 634). As is the oase with Aconitine the 
removal of the acetyl group virtually abolishes 
the toxicity of indaconitine and indbenzaoonine 
is soarcely poisonous in the ordinary sense 
(Cash and Dunstan, 

Pyrolndacpnltlne U8 2 H 43 O s N exists in two 
forms. The o- form is'produoed when the free 
base, indaconitine, is heated at its melting- 
point. It is amorphous, but furnishes a crystal¬ 
line hydrobromiae B'JIBr, m.p. 194°~198°, 
which, like the alkaloid itself, is dextrorotatory. 
The auriohloride is amorphous When indaooni- ' 
r tine hydrochloride is heated at its melting-point 
it furnishes #-pyroindaconitine, which is also 
amorphous, but yields a crystalline hydro* 
bromide, m.p. ^48°~260°. 

Japaconitine C 84 H 49 O n Nis the characteristic 
alkaloid of Japanese aconite roots of commerce. 

It may be prepared from this Bource by the 
method described under aconitine. According to 
Makoshi the roots of true Aconitum Fischeri 
(Beichb.) contain jesaconitino (see below), whilst 
japaconitine is furnished by the roots of a variety 
grown in Hondo (Arch. Pharm. 1909, 247,270), 
whioh Holmes "regards as A. uncinatum, var. 
japonicum. Japaconitine has been frequently m 
investigated, and up to 1900 the balance of 
evidenco was in favour of the view that it Was 
identical with aconitine (Mandolin, Arch. Pharm. 
1885, 223, 97, 129, 161 ; Ltibbe, Inaug. Dias. 
Dorp. 1891; and Freund and Bock, Ber. 1894,27, 
720. The non-identity of the two alkaloids had 
already been asserted by Wright and Luff (Chem. 
Soo. Trans. 1879, 35, 387), and was finally proved 
by Dunstan and Read (ibid. 1900, 77, 45). J?heir # 
conclusions have l eep confirmed byMakosnHf.c.). 

Properties. Forms rosettes *of prismatio 
needles, m.p. 204-2°, and is crystallographically 
distinct from aconitine and pseudaconitine. 
Dextrorotatory ([a]}, 8 ’ 5 —4-23*6° in alcohol), but 
furnishes leevorotatory salts. The hydroohloride 
B HC1,3H 2 0, m.p. 149°-150°, [a] D «-23-8° in 
water, crystallises from alcohol and ether in 
rosettes of hexagonal plates ; the hydrobromide 
B-HBr,4H 2 0, m.p. 172°-173°, crystallises simi¬ 
larly ; the aurichloride exists in two modifica¬ 
tions, the a- form, m.p. 231° is stable and 
crystallises in opaque, golden-yellow needle*; 
the £- form, m.p. 154°-160°, is unstable and 
crystallises in yellow prisms. The physiological 
aotion of japaconitine is qualitatively identical 
with that or aconitine than whioh it $ dlfgntly 
more toxio (Cash and Dunstan, Proc. Roy. So«. 
1902, 68, 379). 

Reactions. Japaconitine, unlike aconitine, 
reacts with methyl iodide to form a crystalline 
metniodide, and from this methyljapaoomtine 
C»«H 48 0 M N*CH|, m.p. 206°, rosettes of colourless 
needles may be obtained. Japaconitine form* a 
crystalline triacetyl derivative, m.n. 166°, and 
contains four methoxyl groups. When heated 
alone it furnishes 1 moL acetio acid and 1 mob 
pvrojapaconitine (v. infra). On hydrolysis it 
also behaves in a manner analogous to 
aconitine, giving fiidt 1 mol. each of aoetio acid 
and jaftbenzaoonine. The latter may be further 
hydrolysed to -benzoio aoid and japaoonine. 
Japaoonftine is therefore acetjlbenzoyljtpaoo- 
• nine, ana may be represented tnu%(D. a^ R.)-*- 
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though with difficulty, m.p, 183°. 
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JapbMltteonlne L ; a 1 T : f i ,O 10 N, the first basic j 313) and later by Schulze and Bierling (Arch, 
hydrolytic produot of jopaqpnitine, alio occurs | Pharm, 1913, wl, 8). along with myoctonine 
with this alkaloid in Japanese aconite root*. (C,^H 1 ,O 10 N,) and an unnamjd base, from the 
Onlike the analogous benzaooninc, it crystallises, 1 roots of Aconitum Lycodonum (Linn.), is amor¬ 
phous and dextrorotatory. On hydrolysis with 
acids it furnishes anthranoyl-lycoctonine (Dra- 
gendorfi’s lycaconine) and sucoinio aoid. On 
hydrolysis with sodium hydroxide lyoootonine 
C 2 jH„0,N,HjO andlyooctoninioaoidC, iH„0 S N, 
both crystalline, are formed. Lycoctonine had 
been found previously by Hiibsohmann in the 
roots (J. 1857, 416 ; 1866, 483 j cf. Wright and 
Luff, Pharm. J. 1878-9, [in.] 8, 168). All the 
alkaloids described are heart poisons. 

Pseudaconltlne C..H..0 12 N. The*oharact6r- 
istic alkaloid of Aconitum deinorrhizum, the roots 
of which form Nepaul aconite of commerce. It 
may be extracted from the roots by the process 
doscribed under aconitine. Pseudaconitine has 
been frequently examined (Wright and Luff, 
Chem. Soc. Trans. 1878, 33, 151 ; Mandolin, 
Arch. Pharm. 1884, 222, 97, 129, 161), and most 
recently by Dunstan and Carr (Chem. Soo. Proo. 
1895,154 ; and Chem. Soc. Trans. 1897,71, 360). 

Properties. Colourless orystals of rhomboidal 
shape, m.p. 211°-212° (decomp.); [a] D = + 18° 36' 
in alcohol. Readily soluble in Alcohol, less so^ 
in ether, very slightly in water, almost insoluble* 
in light petroleum. The salts are lsevorotatory ; 
the hydrobroiride BHBr,2H a O, m.p. 191° 
(anhydrous), and the nitrate B-HN0 8 ,3H 2 0, 
m.p. 192°, are crystalline. The hydrochloride 
is amorphous, but the aurichloride, m.p. 236*- 
236°, may be crystallised from alcohol. Pseud- 
aconitine exerts a physiological action similar to 
that of aconitine, but is much more toxic (Cash 
and Dunstan, Proo. Roy. Soc. 1902, 68, 379). 

Reactions. On heating an aqueous solution 
of a neutral pseudaconitine salt in a closed tube 
at 135° the alkaloid undergoes hydrolysis, 
yielding 1 mol. acetio acid and 1 moL veratroyl- 
pseudaconine. The latter is hydrolysed in the 
cold by sodium hydroxide in alcohol, furnishing 
1 mol. of veratric acid and 1 mol. of pseudaoonine. 
When heated at its melting-point pseudaconitine 
loses 1 mol. acetio aoid ana furnishes pyropseud- 
aconitine. Pseudaoonitine, in view of these 
reactions, is to be regardea as acetylveratroyl- 
pseudaconine 


Dextroro¬ 
tatory ([a] D =4-40T6° in alcohol). The salts 
orystallise well, and Rto lsevorotatory; the 
hydrochloride B-HCl,H a O, m.p. 253°, forms 
minute rosettes; the aurichloride B*HAuCl 4 
crystallises from aloohol and then melts at 219°. 
The colourless aurichloro derivative 
C S2 H 4l 0 1<w N-Aua a , 

m.p. 178°, forms rosett/s of needles (D. a. R. l.c.). 

Japaconine Cj^rl^O # N, the linat basic pro¬ 
duct of the hydrolysis of japaeonUe or jap- 
benzaconine, is amorphous, and hygroscopic and 
yields hygroscopic salts, which crystallise with 
difficulty. Its solutions reduce gold chloride and 
Fehling’s solution. The base is dextrorotatory 
(D, a. R. lx.). 

Pyrojapaconitine C 82 H 45 0 9 N is formed by 
heating japaconite at its melting-point, when 
1 mol. of aoetio acid is evolved. Crystallises 
in colourless needles, m.p. 167°-168°, is lsevoro- 
tatory ([a] D =—65-89° in alcohol), and furnishes 
well-crystallised salts ; the aurichloride 
B-HAuCl 4 , 

ra.p. 160°-161° (from chloroform), or 188°-189° 
(from alcohol and ether). On hydrolysis by 
alkalis the base gives rise to 1 mol. benzoic acid 
and a new base pyrojapaconine, which is amor¬ 
phous, hygrosoopic, and lsevorotatory, and 
furnishes amorphous salts. 

According to Schulze and Liebner (Arch. 
Pharm. 1913, 251, 453 ; 1916, 254, 567), pyro- 
«-japafr*nitine C 8a H 4S 0 9 N, m.p. 171°, and pyro- 
japaconine are identical 1 'with pyraconitine 
and pyraconide respectively. As aconitine and 
japaconitine both give oxonitine (q.v.) on oxida¬ 
tion, these two alkaloids mu*l be closely related. 

Jesaconitine C 40 H 61 O 12 N, isolated by Makoskr 
(Arch. Pharm. 1909, 247, 251) from 1 Bushi ’ 
roots obtained from a species of aconite, A. 
Fischeri (?), found in the island of Hokkaido or 
Jeso in Japan. It was not obtained crystalline, 
but a crystalline triacetyl derivative, m.p. 213°, 
was prepared. On hydrolysis jesaconitine yielded 
benzoic acid, anisic acid, and aconine, identical 
»ith that obtained from aconitine, so that it is 
regarded as benzoylanisoylaconine. Jesaconi¬ 
tine is highly toxic (Makoshi, l.c.). 

Lappaconltlne C 84 H^0 8 N 2 , obtained b; 


[Me0],C ll H„0 1 N<Q^® 

No relationship has yet been traoed between 
Lappaconltlne ,U n -N,, obtained bv. pseudaoonine and aconine (D. a. C. ; cf. Freund 

UStwiiiWl (J. Pharm. Chim. 1896, [vi.] 4, 262) and Njederhofheim, Ber. 1896, 29, 0, 852). 

Veratroylpseudaconlne C„H„0 U N. The 
first basic product of the hydrolysis of pseud- 
aoonitine (see above) sep&ates in large, irregu¬ 
larly-shaped crystals from ether, m.p. 199°, 
readily Bohible in chloroform or aloohol, nearly 


from the roots of A cOTlitum ttptcniri onale(Koelle). 

It orystallises in hexagonal prisms, m.p. 205°, is 
dextrorotatory, shows a reddish-violet fluores- 
oenoe in ether, and furnishes crystalline salts. 

On hydrolysis it yields two bases; one, m.p. 98°, 

readily soluble, and the other, m.p. 106°, nearly :—— T-v 

insoluble in ether; at the sametime an acid, I m8oluble » water 01 h 8 ht petroleum, («] D - 


m-jp, 114°, giving a purple colour with ferrio 
chloride, is produced. Lappaconitine is highly 
toxic. The roots also contain cynodonine 
Q.,H tl O,,N, (amorphous, bitter, and muoh less 
toxio than lappaconitine) and icptentrionaline 
C,]H„0,N w amorphous, ‘hitter, and ' about 
equal ig, toxioity to cyuQctonine (c/.,Orloff, 
P. Z. f, R. 1907, 80, 213). 

Lyuahe n l tin s* O t ,H (l O I0 N,, obta^ied by 
DmgtQdorfi qnd Spohn (P. Z. f. R. 1884, 23, 


—38° 18’ in alcohol. The salts orystallise well; 
the hydrobromide B-HBr,3H,0 in prisms} the 
nitrate B-HNO, in rosettes of rhombio prisms, 
m.p. 222° and 232°; the aurichloride B-HAuCl, 
is amorphous (D. a. 0.). Veratroylpseudaoordne 
is not toxie ((kwh and Dunstan, l.c.). 

Pseudaoonine C,,H„C),N, the ultimate 
basic produot of the hydrolysis of pseudaoorii. 
tine and indaeonitine, forms large colourless 
•crystals, m.p. 94°-95°, containing 1 mol. alcohol 
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ot ory«t«Jlis»tion. Dextrorotatory ([«]„= 12 ' 
in water). The jalta are amorphous. 

PynqpuoihMonltiM O 84 H 17 O l0 N. # Formed 
by heating p:eudaconitine at its melting-point, 
when 1 mol. acetic acid is evolved ; it is amor¬ 
phous, but yields a hydriodide, crystallising in 
prisms (D. a. C. l.c.). 

Atlslne C aa H sl O a N, the characteristic alka¬ 
loid otAconitumMerophyllum (Wall.) of Northern 
India. It was first isolated by Broughton in 
1873, and was subsequently examined by Waso- 
wicz (Arch. Pharm. 1879, 214, 193), Wright 
(Year Book Pharm. 1879, 422), and later by 
Jowett (ttiera. Soc. Trans. 1896, 69, 1518). 
Atisine is amorphous, readily soluble in wator, 
alcohol, ether, or chloroform, lsevorotatory 
— in alcohol). It yields crystal¬ 
line, dextrorotatory salts ; B-HC1, prisms, m.p, 
296° (decomp.); BUI, tablets, m.p. 279°-281° 
(decomp.); B 2 -H 2 PtCl 6 , crystalline yellow 
powder, m.p. 229° (decomp.). When heated with 
water in a closed tube atisine furnishes a hydrate 
C ja H 33 0 3 N, which is amorphous,and yields amor¬ 
phous salts. Atisine is non-toxic (Jowett, l.c.). 

Palmatisin§. A colourless, crystalline, non¬ 
toxic alkaloid, m p. 285°, found in tho roots of 
Aconitum palmatum (I). Don.), a species indi¬ 
genous to India (Dunsbin and Carr). 

The fullest account of the ilbonite alkaloids 
is by F. H. Carr, in Allen's Commercial Organic 
Analysis, vol. vi. 1912, pp. 253-287. 0. Ik 

ACORN OIL. Although acorn oil has not 
yet becomo a commercial article, tho yield of 
oil obtainable would repay the cost of collecting 
tho acorns, while the oil-cako would furnish a 
valuable feeding stuff. Baker and Hulton 
(Analyst, 1917, 42, 351) found that a ton of 
fresh acorn-, from Qucrcus robur yielded, on the 
average, 16'75 cwt. of kernels, corresponding to 
8'5 cwt. of dry kernels. Two specimens of 
peeled acorns had the following composition : 
Moisture, 145 and 3'32; ash, 2'25 and 2'70 ; 
oil, 5*0 and 4'7; proteins, 6'05 and 7-75; 
reducing sugars, 4'9 and 8'18; cane sugar, 1*9 
and OT ; starch, 57T and 55-7; pentosans, 
3*2; and crude fibre, 2*2 and 2'28 p.c. By 
hydrolysing the crushed nuts with dilute sul¬ 
phuric aoicF, and neutralising and fermenting the 
filtrate 12*7 p.o. of alcohol (calculated on the 
fresh acorns) was obtained. Acorns, unliko 
chestnuts, do not appear to contain a liquefying 
enzymo. 

An oil extracted from the acorns of Q. 
agrifolia was fluorescent and of a deep *brown 
oolour. It had sp.gr. 0-9162 at 15°, and iodine 
value 100'0, and belonged to the same type of 
oils as araohis oil (Blasdale, J. Amer. Chein. Soc. 
1895, 17, 935). (!. A. M. * 

ACORUS CALAMUS (Linn.). The common 
sweet flag. The root is used by distillers to 
flavour gin, and the essential oil by snuff- 
makers for scenting snuff. It contains a gluooside 
termed acorm C 36 H eo O e (Faust, Bull. Soc. chim. 
[23 9, 392; Tho:as, Arch. Pharm. [3] 24, 465) 
(t». Calamus). 

ACRIDINE CuH^. Crude authraoene con 
tains basic substances, and among them acri- 
which can be isolated by extracting it with 
dflnte sulphuric add and adding potassium di- 
ohromate to the add solution. The precipitated 


acridine chromate is then - recrystallised froi 
water, tftated with ammonia, and the base oryi 
tollised from hot water (Graebe and Can 
Annalen, 158, 265; Ber. 13, 99). 

Aoridine has also been obtained synthet 
cally by passing the vapours of orthotolylaniim 
and of orthoditolylamjne through a tube heate 
to dull redness (G., Bot. 17, 1370); by severall 
heating formic aoid and diphenylamine (Bernii 
sen and Bender, Ber. 16, 767, 1802), ohloroforo 
diphenylamine and zino oxide (Fischer an 
Korner, Ber. 17,101), and aniline and salicvlaldc 
hyde (Mohlau, Bor. 19, ^51) with zino chloride 
by passing o-amidodiphenyl methane throug] 
a layer of'lead oxide heatld to dull rednes 
(Fischer and Schiitto, Ber. 26, 3085). By dis 
tilling tetrahydroacridine with litharge (Borscht 
Ber. 41, 2203)? and also from acridone (Deoke 
and Dunant, Ber. 39, 2720; Ullmann, Bade 
and Labhardt, Ber. 40, 4795). 

From iodobenzene and o-aminobenzaldehyd< 
boiled with nitrobenzene, sodium carbonat< 
and copper powder (Mayer and Stein, Ber. 1917 
60, 1306). 

Properties. —Acridine crystallises in smal 
colourless needles, or four-sided rhombic prisms, 
sublimes at 100“, melts at Ill 0 , boils above 360 c 
without decomposition, and distils with steam, 
It is sparingly soluble in hot water, but readily 
soluble in alcohol, ether, or carbon disulphide, 
yielding solutions showing a blue fluorescence, 
When inhaled either as dust or vapour it causef 
violent sneezing, and in solution both it and it* 
salts cause much irritation on the skin. Or 
treatment with nitric acid it yields two nitro- 
derivatives (m.p. 154° and 214°) and a dinitro- 
derivative (G. and C.); potassium permanganate 
oxidises it to 2 : 3-quinolinodicarboxylii^acid 
C H H 5 N(C0 2 lI) a , antP sodium amalgam reduces it 
to hydroaeridine. C I3 H U N (B. aim B., Ber. 16, 
1971; B.,Ber. 16,2831). The salts are yellow and 
crystallise well, but are decomposed into their 
constituents on boiling. Heated with hydrogen 
and finely divided nickel, it forms 2 :3-cUmetny] 
quinoline (Padoa and Fabris, Atti R. Acad. 
Lincei, 1907,[v.] 16,i. 921* The halogen addition 
compounds of acridine and its derivatives are 
formed by the direct action of the halogen on 
the acridine (Senier and Austin, Chem. Soo. Trans, 
1904, 1196); or by the action of a mixture of 
phosphorus oxychloride and pentachloride on 
thioacridone (Edinger, Ber. 33, 3370; D. R. P. 
120586; Edinger and Arnold, J. pr. Chem. [ii,] 64, 
182, 471; I). R. P. 122607); for other methods, 
compare Dunstan and Stubbs (Ber. 3C,--<8^rtf2; 
D. R. P. 12(5795), Graebe and Lagodzinski 
(Annalen, 276, 48). Alkyl iodomagnesium com¬ 
pounds of acridine have also been obtained 
(Semier, Austin, and Clarke, Chem. Soc. Trans. 
1905,1469). When exposed to sunlight acridine 
forms pale-yellow crystals, m.p. 270° (Omdorff 
and Cameron, Ambr. Chem. J. 1895, 17,558). 

3 : 7-dimethyl- 2 : 8-dIaminoacridlne 1 or am- 

1 The system of numbering the positions hi the 
acridine series adopted in this article and In that on the 
“ Acridine Dj Ostuils,” Is that used in Richter's Lexiion 
viz.: 
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dine yellow NH s -C,H,Me<^>C,H s ,Me-NH, 

is obtained by heating under pressure tetramino- 
ditolylmethane with hydrochloric aoid and water, 
the produot is then oxidised with ferric chloride 
or potassium pcrcarbonate K,C,0, or hydrogen 
peroxide, and tho resulting metallio salt decom¬ 
posed with hydroohlorhracid (D. E. p. 52324; 
Lymn, J. Soc. Chem. Ind. 1897, 10, 406; 011- 
mann and Mari6, Ber. 34, 4308 ; Haase, Ber. 30, 
689). It forms yellow crystals molting above 
300°, soluble in aloohol, acetone and pyridin, 
and forming a yellow solution in sulphuric acid 
with a green fluorescence. It yields derivatives 
which form yellow*, orange, brownish-, greenish-, 
and reddish-yellow dyes, and can be used on 
cotton, leather, wool, and silk. The following 
are some of the methods of preparation: 
(1) heating with mineral aoids under pressure, 
when it yields aminohydroxy- and dihydroxy- 
dimethyl acridine (D. R. P. 121886; Chem. 
Zentr. 1901, ii. 78; J. Soc. Chem. Ind. 21, 
37); (2) heating with monoehloracotie acid and 
water under pressure (D. E. I>. 133788; Chem. 
Zentr. 1902, ii. 616 ; 1). E. P. 136729 ; Chem. 
Zentr. 1902, ii. 1396); (3) heating with formalde¬ 
hyde and mineral acids under prosshre (D. R. P. 
135771 ; Chem. Zentr. 1902, ii. 1233 ; ,T. Soc. 

1 Chem. Ind. 21, 112, 544, 402); (4) by treatment 
with formaldehyde and aromatic bases {J. Soc. 
Chem. Ind. 22, 140 ; D. R. PP. 131365, 132116 ; 

. Chem. Zentr. 1902, ii. 172 ; i. 1288); (5) heating 
with benzyl chloride in presence of nitrobenzeno 
(J. Soc. Chem. Ind. 21, 701, 1530); (6) treating 
with aqueous forinio acid (ibid. 21,90); (7) heat¬ 
ing with glycerol at 150M80 0 (I). It. P. 151206): 
(8) alkylation (Ullmann and Marie, lx. ; D. R. P. 
•7976w>,’ J. Soc. Chem. Ind. 19, 1010; 24, 
840). 

Phenylaorillne 0, S H, is obtained by heat- 

' ing diphenylamine with benzoio acid and zino 
ohloride at 260* (Bernthsen, Ber. ]5, 3012; 16, 
707, 1810), and melts at 181*. Tho hyiroxy- 
phmylacridinea which form yellow dyes in 
mineral aoids can be obtained similarly by using 
the corresponding hydroxy aoid (Landauor, Bull. 
Soo. ohim. 81, 1083). 

Other acridine dyes oan be obtained by 
heating tetraminoditolylmethano or the leuco- 
oompounds of amino-acridines with mineral aoid 
.pnd aloohol under pressure, the shade depending 
Ml the quantity and nature of alcohol and of 
aoid used (J. Soo. Chem. Ind. 20, 888; 22, 
11 26 ; 23, 932). Also by the interaction of an 
arofiraiio or aliphatio m-diamine with an alde¬ 
hyde (ibid. 21, 1529; Chem. Zeit. 14, 334 ; 
J. Soo. Chem. Ind. 17, 673; 22, 1241). By 
heating the formyl derivatives of m-diamines 
with ammonia salts or salts of orgapio 
bases at 150*-200° (D. R. PP. 149409, 
149410). For other methods of preparing 
, acridine derivatives, many of which have dyeing 
properties, compare: Bizzarri, Gazz. ohim. itab 

20, 407 ; Decker, J. pr. Chem. 153, 161; Mohlau 
and Fritzsche, Ber. 26, 1034; Volpi, Gazz. chim. 
ital. 21, ii. 228; J. Soc. Chem. Ind. 19, 732; 

21, 338, 701, 911, 1528 ; Goodwin and Senior, 
Chem. Soc. Trans. 1902, 28?>J. Soc. Chem. Ind. 

22, 23, 90; D. R. PP. 133709, 107517; Ullmann, 
Ber. 36/1017, 1026; D. R. P. 147297, 141356; 
BtazMy and Dicker, Ber. 87, 676; Pox and 

. Hewitt, Chem. Soo. Trans. 1904, 529; 1905, 


1058; Schopff, Ber. 20, 1121; Ber. 27, 2316; 
Duval, Compt. rend. 142, 341; Koenigs, Ber. 32, 
3699; Ullmann and Maag, Ber< 40,2515; Austin, 
Chem. Soc. Trans. 1908,1760; D. R. PP. 118075, 
152002 ; Pope and Howard, Chem. Soo. Trans. 
97, 83. 

Naphthacridine and its derivatives, which 
oan also be used as dyes, have been prepared (J. 
Soc. Chem. Ind. 18, 826; 19, 237 ; Ullmann and 
Naef, Bor. 33, 905, 912, 2470; J. Soc. Chem. Ind. 
20, 37, 573 ; D. It. I>. ) 20444; Ullmann and 
Baezner, Ber. 35, 2C70 ; 37, 3077 ; Ullmann and 
Fel/.vadjian, ibid. 36, 3027; Ullmann and Farre, 
ibid. 37, 2922 ; Ullmann and Fitzenham, ibid. 
38, 3787 ; Baezner and Gardiol, t(mf. t; 39, 2623; 
Baezner, ibid. 2650; Senior and Austin, Chem. 
Soc. Trans 1907, 1233, 1240 ; Senior and Comp¬ 
ton, ibid. 1907, 1927; Baezner and Gueorgnieff, 
Ber. 39, 2438). 

In the case of many of the naphthacridine 
derivatives, patents have been taken by Ullmann 
(D. R. PP. 104067, 104748, 108273, 117472, 

119573,123260,127586,128754,130721,130943); 
the further alkylation of some of these, as well 
as of other acridine compounds has been patented 
by the A.-G. fttr Anilin-Fabrikation (D. R. PP. 
117065, 129479). " 

ACRIDINE DYESTUFFS. Acridine, though 
colourless, shows absorption bands in the ultra¬ 
violet. The salts arc yeBow, and the addition 
products with alkyl halides aro also coloured. 
(For absorption spectra, see Dobbie and Tinkler, 
Chem. Soc. ’Trans. 1905, 87, 269.) The salts 
of acridine itself are useless tinctorially, but 
amino- and alkyl-amino derivatives of acri¬ 
dine, phenyiaeridine, Ac,, are useful dyestuffs, 
generally producing yellow shades. For the pre¬ 
paration ui these substances,synthesis is generally 
resorted to, although acridine may be nitrated 
(Gr&ebe and Caro, Annalcn, 1871, 158, 275), and 
n-nitro-acridiuo has been reduced to-an amino- 
acridine (Anschutz, Her. 1884, 17, 437). 

Tho trmitrophenylacridine obtained by direct 
nitration of phenyiaeridine gives a dyestuff on 
reduction (T trianunophenylacridine), which dyes 
silk yellow ; no use seems’ to have been made of 
this observation (Bernthsen, Annalen, 1884. 
224, 30). 9 

One dyestuff of the acridine series, chrya- 
aniline, is formed as a by-product in the manu¬ 
facture of magenta (Hofmann, Jahresb. 1882, 
346). Its constitution 


N 



NH, 


was determined bv O. Fisoher and G. Koraer; 
probably two moleoules of aniline and one of 
p-toluidine condense ■ when oxidised to opp- 
triaminotriphenylmethane, this yielding ohm- 
aniline when further oxidised. .This view is 
supported by the fact that when opp-triamino- 
triphenylmethaife is heateij with arsenio aoid to 
150-180°, ohrysaniiine is produoed (Annalen, 
4684, 226, 188). 



iCRIDINE DYE8TUFF8. 


71 


The processes for preparing amino- deriva¬ 
tives of acridine on a teohnioal scale may be 
illustrated by the methods of preparing benzo- 
flavine, rheonine, and diaminbacridylhenzoic acid. 

Symmetrical diamino-aoridines are ob¬ 
tained by the condensation of aldehydes with 
m-diamines, removal of the elements of ammonia 
from the resulting tetra-amino compound by 
heating with hydrochloric acid, and oxidation 
of the dihydro-acridine thus produced with 
ferric ohloride. In the case of benzoflavme 
benzaldehyde and Wi-toluylene-diamine are 
employed. 


C.H.-CH0M-2 



nh/' 

ch 3 \, 

NH 


iNH, NH^/XnH, (HO!) 

k JwCH, 



The reaction is capable of considerable modi¬ 
fication ; thus from formaldehyde and dimethyl- 
m-phenylenediamme, acridine orange is produced 
in an analogous manner. It should be noted, 
however, that m-phenylepediamine gives pro¬ 
ducts which are evidently mixtures, and oannot 
be purified (R. Meyer and R. Gross, Ber. 1899, 
32, 2365). 

Diarrum acridine may, however, bo obtained 
from pp'-diamiuo-diphenylmethane (see below). 

The reaction between an aldehyde and a 
M-diamino may be carried out in two stages; 
Meyer and Gross (l.c. p. 2358), for example, 
prepared a monobenzylidene derivative of m- 
toluvlenediamine and converted this into 
tetraminoditolyl-phenylmethane by warming 
its alcoholic solution with the hydrochloride of 
?n-toluylenediamine for three hours at 60°-70 # . 
Aoridine itself may be obtained in good yield 
by heating salicylidene-aniline with phosphorus 
pentoxide to 250° (Blau, Monatsh. 1897, 19, 123). 

A closely-related synthesis of acridine 
derivatives is that of F. Ullmann and E. Naef 
(Ber. 1900, 33, 905). When dihydroxydj- 
naphthylmethane, the product of the interaction 
of formaldehyde and /3-naphthol, is Rented with 
p-toluidine hydroohloride, methylhydronapth- 
acridine is produced with elimination of £* 
naphthol. 

CH^CjoH^-OHjg + NH a , C e H 4 -CH 3 _ 

= c »h,oh + oh^^ch^hh 


Rheonine is obtained from m-amino- 
phenylauramine or tetramethyldiaminobenzo- 
phenone and tn-phen^lenediamuie at 200°, using 
zinc chloride as oondenaing agent. 


(CH,),n/\ + NH,/\NH, 

A\ co A • 

A 

U " 

N(CH,) a 


+ 0 



Kom^ derivatives of xanthene, when ener¬ 
getically treated with ammonia, suffer replace¬ 
ment of tho pyrone oxygen atom by an imino- 
group. By the prolonged heating of fluorescein 
with ammonia under pressure, R. Meyer (Ber. 
1888, 21, 3376) obtained an acridine derivative, 
to which one of the three following constitutions 
is assignable :— 


Nil 


N 


niv ' \/\nh s nh 2 /\/|\/\nr 


I I 


A 





The salts of tho tetra-othyl derivative of this 
compound form the dyestuff known safaveosint. 

Acridine Orange NO (Farbwork Mlihlheim, 
D. E. P. 69179,17 Dec. 1889), C ls HJf[N(0H,),]j. 
HCl-ZnCl, was discovered by Bender. It is 
produced by condensation of dimethyl-m- 
phenylenediamine with formaldehyde and pro¬ 
ceeding according to the method referred to 
above. It forms an orange powder whjoh 
dissolves in water or alcohol with OTEnge- 
red colour and greenish fluorescence. The 
aqueous, solution is reddened by hydro¬ 
chloric aoid; sodium hydroxide gives a yellow 
prqpipitate. The solution in concentrated snl- 
phurio acid is nearly colourless and has a greenish 
fluorescence, dilution with water produoes sno- 
coBsively red and orange colouration. The dye 
gives orange shades, fairly fast to light and soap, 
on cotton mordanted with tannin; it is also 
suitable for printing and leather-dyeing. 

The analogous dyestuff from diethyl-m- 
phenylenediamme is described in D. E. P. 
67609,' the substances derived from monoalkyl-' 
phenyknediaminea «n D. E. P. 70936. 

Another method of preparing .acridine orange 
is to heat 12 kilos, of amirodimethy&nilina 
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either with 10 kilos, of formio aoid (ap.gr. 1 f 2) and 
10 kilos, of zinc chloride gradually to lb0°-160°, 
or with 12 kilos, of dehydrated oxalic aoid, 10 
kilos, ofglycerol and 11 kilos, of zino ohloride to 
150°. Heating and stirring are continued as 
long as any darkening of shade can be observed, 
ammonia is liberated during the reaction, and 
formio acid having been employed instead of 
formaldehyde, the product when worked up 
yields the dyestuff instead of its leuco- compound 
(D. R. P. 67126). 

The formyl derivatives of m-dia mines may 
also be used (D. R. P£ 149049, 161699), or the 
* methane * carbon atom may be furnished by 
various formyl derivatives suoh as^fornmnilide 
(D. R. P. 149410). 

Acridine Orange, R extra (Farbwcrk Mtihl- 
heim, D. R. P. 68908, 7 Fob. 1930). The dye¬ 
stuff is the hydrochloride of tetramethyldia- 
mino-5-phenylecridine, and is obtained from 
dimethyl-wt-phenylenediamine and benzole!ehyde. 
Its reactions and uses are similar to those of 
Mark NO. 

D. R. P. 68908 also mentions the use of 
wi-aminodimethyl-o-toluidine. If the latter base 
bo condensed with p-nitrobenzaldehydo to a 
fcriphenylmethane derivative, the ’ nitro- group 
reduced and condensation and oxidation effected 
in the usual way, an acridine dyestuff possessing, 
two tertiary and one primary amino- group is 
obtained (D. R. P. 70065; compare D. R. P. 
71362). 

The use of acetaldehyde as a component was 
claimed by the Ges. f. Chem. Ind. (D. R. P. 
143893, 13 March, 1902). 

Acridine Yellow (Farbwerk Mtihlkeim, D. R. P. 
52324, 27 June, 1889) was, like the two pro- 
c vedte$ colours, discovered by Bender. Its 
constitution is that of & 2 : 8-diamino-3: 7- 
dimethylacridftie hydrochloride; it is producod 
from formaldehyde and tn-toluylenediamine. 
It forms a yellow powder soluble in water and 
aloohol with yellow colour and green fluore¬ 
scence; yellow precipitates are obtained 
with hydrochloric acid (hydrochloride) and 
sodium hydroxide (free base). Silk is dyed a 
greenish yellow with green fluorescence, cotton 
(tannin mordant) is coloured yellow. 

The Balts with aliphatio acids, t.g. formate 
and acetate, are more soluble (Farbenfabriken 
^vorm. F. Bayer, I). R. P. 140848, 13 March, 
1903). Acridine yellow is converted into an 
orange yellow, more easily soluble dyestuff by 
heating with twice its weight of glycerol for 
4-4f lAiurs to 170°-180° (Badische Anilin und 
Soda-Fabrik, D. R. P. 151206, 26 July, 1903). 

(For the action of aldehyde on aniline yellow, 
we D. R. P. 144092.) Compounds, probably of 
aondimum type, are obtained from aniline 
yellow by the action of monochloracetio acid 
(M. L. B., D. R. PP. 133788, 136729, 152662) 

, and other dyestuffs by condensation with 
formaldehyde and m-diamines (D. R. PP. 131365, 
132116, 135771). Either one or both of the 
amino-groups in acridine yellow and analogous 
ctyestufla are replaced by hydroxyl on heating 
With dilute sulphuric acid to 180°-220* (D. R. P. 
121686), and similar compoifbds may be obtained 
from formaldehyde by condensation with^mino- 
sresols 0. R. P. 120466). 

tHkesusyl anime yellow is claimed fly Bayer 
*,Co. as a useful leather dye (D. R. P. 141297). 


Benzoflavine (several marks) 2:8-diamine 
3:7-dimethyl-5-phenyIacridine hydrochlorid 
CnH^C.HgJfNHJjCHjJgJ^pl, was disooveret 
by Rudolph in 1887, and introduced commeroi&lb 
by K. Oehler in 1888 (D. R. PP. 43714, 28 July 
1887; 43720,45294,45298). Its preparation ha 
been given above. The dye, whioh is usually mixe< 
with dextrin, forms an orange powder, difficultly 
soluble in cold water, more easily in hot. Botl 
aqueouB and alcoholic solutions are orange, witl 
strong green fluorescence. Hydrochloric aci( 
gives an orange precipitate, sodium hydroxid< 
liberates the yellowish-white base. The solutior 
in concentrated sulphuric acid is greenish yellow 
and shows a very strong green fluoretoence. I 
may be used for dyeing both mordanted anc 
unmordanted cotton. Tho acetate and lactat< 
are more readily soluble (Bayer, D. R. P 
142453, 19 April, 1902); it behaves like acridirn 
yellow when heated with glycerol. 

The Patent Phosphines of the Ges. f. Chem. 
Ind. in Basel are obtainod by alkylation ol 
benzoflavine and acridine yellow (D. R. P. 
79703; compare D. R. P. 131289). 

Coriophosphines (Bayer & Co.). These dye¬ 
stuffs, which are Bnitable for leather-dyeing, are 
probably unsymmetrically alkylated diamino* 
acridines obtained by condensation of formalde¬ 
hyde with one molecule of an asymmetrically 
dialkylated m-diamino a$td one molecule of a 
non-aikylatod or monoalkylated rn-diamine, with 
subsequent elimination of ammonia, and oxida¬ 
tion (D. R. P. 133709). 

Chrysanlline C 19 Hj 8 N occurs under many 
other names commercially, t.g. Leather yellow, 
Xanthine, Philadelphia yellow G, Leather brown, 
Phosphine (several marks), &o. Reference to 
its occurrence in the manufacture of magenta 
has already been made. Numerous methods 
j for preparing homologuos and analogues of this 
substance have been patented (D. R. PP. 65985, 
78377, 79263, 79585, 79877, 81048, 94951, 
102072, 106719, 114261, J16353). The method 
adopted for this purpose by Meister, Lucius, and 
Brtining may be mentioned (D. R. P. 65985, 
2 April, 1892). p-Toluidine and its hydro¬ 
chloride are heated with ferric ohloride (oxygen - 
carrier), and m-nitroanilme gradually added. 
The resulting dyestuff is the next higher homo- 
logue of ohrysaniline, containing a methyl- group 
in position 7. 

According to Friedlander (Fortschritte der 
Theerfarbenfabrikation V. 373), the yields pro¬ 
duced by this method are not good, but the 
reaction between p-aminobenzaldehyde or a 
derivative and phonyl-m-phenylene- (or toluyl- 
ene-) diamine prooeods nearly quantitatively; 
CgHj-NH-CjlJa-NHj + C b <H 4 (NH,)CHO -f O 

= 2H,0 + C 7 H,NH.- 

t CC.H/NH, 

B. A. S. F„ D. R. PP. 94951,102072). 

Chrysaniline forms an orange-yellow powder/ 
soluble in water and alcohol with reddiah-yellow 
colour and yellowish-greenfluoresoenoe. The solu¬ 
tion is unaltered by hydrochloric aoid; aodtam 
hydroxide gives a bright yellow precipitate, i 
Chrysan dine is chiefly used in leather dyeing. 

Oorioflavtnei (Griesheim-Elektron). These 
dyestuffs, whioh occur ecmuneroially as marks 
. G, GG, R, and RR, are used in leather-dyeing 
and calico-printing. They form red or reddish- 
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brown powders, which dissolve in concentrated 
sulphuric acid with yellow or orange colouration 
ana green flflor^cence; these solutions turn 
red or reddish-brown on dilution. 

Flaveoslne (Meister, Lucius, and Briining, 
D. R. P. 49850, 11 May, 1889) is a tetraethyl- 
diaminoacridylbcnzoie acid, which is obtained 
by heating rn-acetaminodimethylaniline with 
phthalio anhydride. It has been examined by 
Grandmougin and Lang (Ber. 1909, 42, 4014). 

The hydrochloride crystallises in shining 
brownish-yellow needles, the sulphate in prisms, 
exhibiting a cantharides lustre. The base is 
precipitated from the salts by sodium carbonate, 
and form#golden-yellow shining leaflets. 

Flaveosine dyes silk golden yellow (yellowish- 
green fluorescence) from a feebly acid bath; wool 
and cotton (tannin mordant) are coloured 
reddish yellow. The colours aro fast. 

Substances closely related to flaveosino are 
obtained by the esterification of the product of 
the interaction of ammonia and fluorescein 
(B. A. S. F., D. R. PP. 73334, 75933 ; compare 
D. R. P. 141356). 

Rheonine (Badisehe Anilin und Soda-Fabrik). 
This dyestuff was discovered bv C. L. Muller 
(I). R. P. 829«9, 16 Dec. 1894). Its method of 
preparation has already been given. Rheonine 
forms a brown powder, soluble in water and 
alcohol, with brownish-yellow golour and green 
fluorescenoe. Hydrochloric acid turns the solution 
brownish-red, caustic soda gives a bright brown 
precipitate. It is used for obtaining brownish- 
yellow shades on leather or oot ton (tannin). Two 
mnrkR, N (brighter), and A (darker), aro in uso. 


The u*e of dianSnobenzophenone and of 
Michler* hydrol for condensation with m-dia- 
minos have been patented (M. L* B.,D. R. P. 
89060 and B. A. S. F., D. R. P. 85199 re¬ 
spectively). 

Many acridine and naphthacridine dyestuffs 
containing only one ajnino- group have been 
described (D. R. VW 104667, 107517, 107026, 
108273, 118075, 118070, 125697, 130360); and 
it has also been observed that dyestuffs can be 
obtained when only one molecular proportion of 
a m-diamine is used with formaldehyde (D. R. P. 
13G617). * 

Trypaflavlne. The 2 : 8-diamino- 10-methyl- 
acridoniun* salts first acifuired interest on 
account of t-heir trypanocidal action (L. Benda, 
Ber. 1912, 45, 1787). As mentioned above, the 
condensation of aldehydes with m-phenylene* 
diamine gives a mixture of substanoes. If 
pp'-diaraino-diphenylniothane is nitrated in oold 
sulphuric acid solution, oo'-dinitro-pp'-diamino- 
dipnenylmcthane is produced. The latter com¬ 
pound by reduction with tin and hydrochloric 
acid and heating the resulting solution for four 
hours at 135° gives the stannichloride of 2 : 8- 
diaminoacridinc (L. Cassella & Co. D. R. P. 
230412). After acetylation of the amino- 
groups, tho nitrogen atom of the pyridine 
nucleus may be methylated by means of methyl • 
toluenc-sulphonate and the acotyl groups 
subsequently removed by heating with a mixture 
of equal volumes of water and hydroohlorio 
acid ( e.g . 1T8). The steps in the formation of 
trypaflavino may be represented thus 



NH ,fY x fV 

\/\/\y 


The reactions of trypaflavino have been 
studied by Klirlich and Benda (Ber. 1913, 46, 
1931). . 

More recently tho material has been intro¬ 
duced as an antiseptic under the name of 
Flavine, since changed to Acriflavinesf Browning, 
Gulbransen, Kennaway, and Thornton, Brit. 
Med. ,1. 1917, i. 73). Whilst most antiseptics 
aot more powerfully in water than in blood 
serum, this behaviour is reversed in the case of 
flavine. Thus flavine kills Staphylococcus aurens 
at a dilution ol 1 : 20,000 in water containing 
0-7 p.o. of peptone, but at 1 : 200,000 in blood 
serum. Moreover, flavine has been found to 
have a low toxicity.. , 

Acridon* OJBf 4 <^Q>0,H, and its simply 


CH 

derivatives have rto particular interest tinctori- 
ally, Anthrafjuinone-1: 2-acridone may, how¬ 
ever, be dyed from a vat giving reddish-violet 
shades on cotton (F. Ullmann and P. Oohsner, 
Annalen, 1911, 381, 9). The substance is 
obtained by warming o-oarboxypbenylamino-l- 
anthraquinone with sulphuric acid. 
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M ' ' ACRIDINE DYESTUFFS.* 


The neoeeeary carboryffc acid can be obtained 
from 1-chloroanthraquinone and anthranilio 
acid or from 1 - aminoan thr aq uinone and o- 
ohlorobenzoio acid. The yields are better by 
the first method, but those by the latter prooess 
may be raised to over 90 p.o., especially if in 
place of o-chlorobenzoic^aoid, its methyl ester 
be used (Meister, Lucius, and Briining, D. R. P. 
246327; F. Ullmann and P. Dootson, Ber. 
1918, 61, 9). On condensing 1-anilino-anthra- 
quinone-2'Carboxylio acid a mixture of o- 
carboxyphenylamino-l-anthraquinone and 1- 
acridineanthraquinone-2-carboxylic acid is ob¬ 
tained (Farbenf. vorm. Fr. Bayer & Co. I). R. P. 
262069). • 

The shades obtained with anthraauinone- 
acridone are but little altered when chlorine is 
introduced in position 4 of the <mthraquinone 
nucleus, but the amino- and p-toluidino deriva¬ 
tives dye blue and bluish-greon respectively 
(Meister, Lucius, and Briining, D. R. P. 243686). 
Ullmann and Dootson have also prepared de¬ 
rivatives substituted in the phenylene nucleus. 

The dicarboxylic acid obtained from anthra- 
nilio acid and 1:5-dichloroanthroquinone may 
be condensed by sulphuric acid to anthraquinone- 
1:2, 5 : 6-diacridone, which gives & deep blue 
vat and dyes bluish-violet shades (Ullmann 
and Ochsner). J. T. H. 

ACRIFLAVINE v. Try paflavine ,ai t. Acridine 
Dyestuffs. 

ACRODEXTR1NS v. Dkxtrins. 

ACROSE v. Carbohydrates. 

ACTINIUM Ao 230 or 226(?). A radio¬ 
active element, discovered by Debierne in the 
precipitate produced by adding ammonia and 
ammonium sulphide to the filtrate from the 
cLyckc^on sulphide precipitate obtained in the 
course of analysing pitchblende (Debierne, 
Compt. rend, 1*29, 693 ; 130, 906). In fraction¬ 
ating the rare earths thus obtained from pitch¬ 
blende by means of thoir double nitrates with 
magnesium nitrate, actinium accumulates in the 
more soluble portions, together with neodymium 
and samarium (Compt. rend. 139, 638). The 
predominating rare earth in pitchblende is 
thorium; but actinium also occurs in uranium 
minerals containing no thorium (Szilard, Chem. 
Soo. Abstr. 1909, ii. 663). It is a constant con¬ 
stituent of uranium minerals, and is probably 
jierived from uranium in a branch disintegration 
Beries. 

Actinium has not been isolated nor have its 
salts been obtained pure. It is similar in 
cHIttwal properties to the tervalent rare earth 
elements of the cerium group, and, of these, 
resembles lanthanum most closely, being more 
baaio (A. von Welsbach, Sitzungsberichte K. 
Akad. Wiss. Wien, 1910, 119 [iia] 1; Monatsh. 
1910, 31, 1169). It is precipitated by oxalic 
acid, and by ammonia. In presence of ammo¬ 
nium salts the precipitation of actinium is 
incomplete, but it is completely precipitated in 
presence of manganese from basic solutions as 
a manganate. Actinium preparations are 
highly radioactive, imparting induced radio- 
iotivity to surrounding objects (Curie and 
Debierne, Compt. rend. 13& 648) ; and, like 
radium, they spontaneously rive rise to helium 
(Debierne, Compt. rend. 141, 383); tSey are 
not luminescent.* Their aqueous solutions slowly 
evolve hydrogen and oxygen in the proportions 


necessary to form water. Aotinium salts also 
evolve an emanation, an inert gas having a 
molecular weight of approximately 230 (218 or 
222 ?), according to diffusion experiments (De¬ 
bierne, Compt. rend. 130, 446, 767; 138, 411; 
Bruhat, Compt. rend. 148, 628 ; Russ, Phil. Mag. 
1909, [vi.] 17, 412; Marsden and Wood, Phil. 
Mag. 1913, fvi.l 26, 948), and condensing to a 
liquid at -120° to -160° (Kinoshita, Phil. 
Mag. 1908, [vi.J, 10, 121). 

The spontaneous decomposition of actinium 
-gives rise to seven successive products: radio 
actinium (Hahn, Bor. 39, 1605 ; Phil. Mag. 1907, 

I vi.] 13, 165), which is chemically non-separable 
from thorium, and which changes int# adiniwm 
X , a substance soluble in ammonia and non- 
separable from radium (A. Fleck, Trans. Chem. 
Soc. 1913, 103, 381, and 1052); this transforms 
into actinium emanation, a short-lived gas of 
the argon family, from which actinium A, 
actinium B, actinium C, and actinium D succes¬ 
sively arise (Hahn and Meitner, Chem Soc. 
Abstr. 1908, ii. 920); they constitute the induced 
active deposit. The discovery of actinium A, an 
excessively short-lived product, intermediate 
between the emanation and what previously 
had been termed actinium A, Jias led to a 
change of nomenclature, the products previously* 
termed actinium A, B, and C respectively, being 
now called actinium B t O, D (Rutherford, 
Phil. Mag. I9ir, fvi.j 22, 621). Actinium B is 
chemically non-separable from lead, actinium 
C from bismuth, and actinium D from thallium 
(Fleck, Z.c.). Actinium itself is rayleBS ; all the 
other products except actinium B and D emit 
o-particles; and radio-actinium , actinium B, 
and actinium 1) emit £- rays (Hahn and Meitner, 
Chem. Soc. Abstr. 1908, ii. 1007; Geiger, Phil. 
Mag. 1911, [vi.] 22, 201; Geiger ana Nuttal, 
Phil. Mag. 1912, [vi.J 24, 047). 

Actinium is identical with the substance 
omnium, discovered by Giesel (r. Giesel, Ber. 
35, 3608 ; 36, 342 ; 37, 1696, 3963 ; Debierne, 
Compt. rend. 139, 538; Ann. Phys. 1914 [ix.j 
2, 428; Hahn and Sacker, Ber. 38, 1943 ; cf. 
Marckwald, Ber. 38, 2264 ; Soddy, Chem. News, 
1913, 107, 97). 

It occupies the place in the Periodio Table 
between radium and thorium, and is chemically 
non-separable from mesothorium-2. Its parent, 

‘ eka-tantalum,’ has been separated from pitch¬ 
blende by distilling the latter in chlorine and 
carbon tetrachloride vapour at a low red-heat. 
It probably occupies the place in the Periodio 
Table between thorium and uranium, and gives 
actinidm in an a-ray change (Soddy and Cran¬ 
ston, Proc. Roy. Soc. 1918. 94, A 384). 

Hahn and Meitner (Pjhys. Zeits. 1918, 19, 
^08) independently have separated and studied 
more extensively the parent of actinium. This 
substance |hey call ‘ prot-actinium,’ and regard 
as a higher homologue of tantalum. It emits 
a-particles of 3T4 cm. range. Its half-value ■ 
period lies between 1200 and 180,000 years, 
The growth of actinium from this substanoe was 
observed: (1) by means of a-ray curves; (2) 
by daily measurement of actinium emanation 
extending over a month; (3),. by the aotive 
deposit collected in increasing quantities on a 
negatively charged plate. The observations 
oonfirm Curie’s value for -the half-value period 
if actinium. 




ADENINE. 


ADALIN. Bromdiethylacetyl urea 

(CjH^^BrCONHCOKH, 

Used as a hypnotic. 

ADAMANTINE SPAR v. Corundrum. 
ADAMITE. A mineral consisting of hydrated 
basic zino arsenate Zn 8 (As0 4 ) a -Zn(0H) a , 
discovered by C. Friedel in 1860 as a few 
small, violet orthorhombic crystals on silver 
ores fromChanaroillo in Chile. Since then it has 
been found at a few other localities, particularly 
in the ancient zinc mines at Laurion in Greece. 
Here it occurs in some abundance as bright 
green (cupriferous) or yellowish crystals in 
cavities oi the cellular zinc ores. It has been 
prepared artificially in a crystalline condition. 

More recently the name adamile has been 
employed as a trade name for an artificial 
corundum manufactured for abrasive purposes. 

L. J. S. 

ADAMON. Trade name for dibromodi- 
hydrocinnamic acid bornyl ester. 

ADANSONIA DIGITATA (Linn.), the Baobab 
tree, yields a fibre which has been used in paper- 
making. Its bark (Gowik Chentz or Churoe 
Chentz) iR Raid by Duchaissaing to be a useful 
substitute for'cinchona (Dymock, Pharm. J. 

L3] 7, 3). 

ADENASE v. Enz YMES. 

ADENINE, 6 -Aminopurine • 

N:C(NH 8 )'C'NH 
i || "'^CH,3H 1 0 

CH:N-ON'""'" 

discovered in the pancreatic gland and spleen 
of the ox, ooours in all vegetable and animal 
tissues rich in cells (Kossel, Ber. 1885, 18, 79, 
1928; Zeitsch. physiol. Chem. 1886, 10, 248; 
Yoshimura and Kania, Zeitsch. physiol. Chem. 

1913, 88, 351 ; Mmuroto, J. Coll. Agric. Imp. 
Univers. Tokio, 1912,5,63; Smorodinzew, Zeitsch. 
physiol. Chem. 1912, 80, 218 ; ZlatarolT, Zeitsch. 
Nahr.Genussm. 1913,26,242; Bass, Arch. f. exp. 
Pathol, u. Pharmak. 76, 40 - 64; Winterstein, 
Landw Vers.-Stat. 79 and 80, 541-562; Chap¬ 
man, Chem. Soc. Trans. 1914, 105, 1903-1904); 
thus it has been extracted from tea leaves 
(Kossel, l.c.), from beet-juice (v. Lippmann, Ber. 
1896, 29, 2645), from beet-sugar residues 
(Andrlik, Zeitsch. Zuckerind, Bohro. 1910, 34, 
567-569), 005 p.c. pure adenine obtained, from 
molasses (Stoltzenberg, Chem. Zentr. 1912, 
1515, from Zeitsch. ver dent. Zuckerind, 1912, 
318), from the young shoots of bamboo (Totam, 
Zeitsch. physiol. Chem. 1909, 62, 113); from 
human excretory products (Kiirger and Sehitten- 
helm, Zeitsch. pnysifl. Chem. 1902, 35, 159), 
and from herring brine (Isaac, Chem Zent*. 
1904, ii. 647; from Beitr. chem. physiol. Path. 
1904, 5, 500); it is probably one of the degrada¬ 
tion products of nuclein (Schindler, Zeitsch. 
physiol. Chem. 1889, 13, 432), and is found in 
small quantity when nuclein is heated with 
dilute sulphuric acid (Kossel, Ber. 1885, 18, 
1928 ; Jones and Richards, J. Biol. Chem. 

1914, 17, 71; 1915, 20, 25-35). 

It has been obtained from rice polishings 
(Drummond and Funk, Bio-chem. J. 1914, 8, 
598-616), and, according to Fupk, is of distinct 
therapeutic value (Casimir Funk, J. Physiol. 
1913, 45, 489; also J. Biol. Chem. 1916. 26f 


431-456: and Harden and Zilva, Bioohent; J. 
1917, ii.u72). 

Adenine is isolated from tea ^xtract after 
the removal of caffeine by precipitating the 
cuprous compound C B H 3 N B Cu a by means of 
copper sulphate and sodium bisulphite, 1 and de¬ 
composing the precipitate with ammonium 
sulpnide; the crude Adenine is then isolated 
from the filtrate in the form of the "sulphate. 
For the method of separating adenine from 
other purine bases compare Schindler (Zeitsch. 
physiol. Chem. 1889, 13^ 432). For recovery of 
adenine from the picrat*^ see Barnett and Jones 
(J. Biol. Chem. 1911, 9, 93-96). The synthesis 
of adenine 4ias been effected by reducing with 
hydriodic acid 2-amino-2 : 8-diohloropurine ob¬ 
tained by the action of aqueous ammonia on 
trichloropurine*(E. Fischer, Ber. 1897, 30, 2226 ; 
1898. 31, 104; Bohringer and Sons, D. R. P. 
90927, 24/3, 97; Traube, Annalen, 1904, 331, 
64). 

Adenine crystallises from dilute aqueous 
solution in long rhombic needles that become 
anhydrous at 110°, and melt with decomposition 
when rapidly heated at 360°-365° (Fische r , l.c.), 
and sublime in microscopic needles without 
decomposition at 220°. Adenine is sparingly 
soluble in cold (1 : 1086) and readily soluble in 
hot water (1 : 40); sparingly so in alcohol; in¬ 
soluble in ether or chloroform. It forms com¬ 
pounds with bases, acids, and salts; with 
nexose (Maudel and Dunham, Biochem. J. 1912, 
xi. 85), and gives mono- and dichloro-gluoosides 
(Fischer and Helferich, Ber. 1914, 47, 210-235). 
Adenine J-glucoside has m.p. 210°-275° (decom¬ 
posed), [a] D 19°~20° —10-5° in water, -f 5*67° in 
A T /hydrochloric acid. The nitrate 
C 5 H 5 N B ,HN0 3 ,*H 2 0 

is crystalline, and the dry salt dissolves in 
110*6 parts of water; the hydrochloride 
C 6 H B N 6 ,HCl,£H a O 

forms transparent monoclinic prisms a : b : c=* 
2-0794: l : 1-8127, j8=61° 40' the anhydrous 
salt dissolves in 41-9 pa^ts of water; the chlor- 
acetate C,H Q N ri ,C 2 H a O a Cl melts and decom¬ 
poses at 162°-1G3° ; the sulphate 

(C B H B N B ) a ,H a S0 4 ,2H a 0, 
the oxalate C 5 H 5 N 5 ,C a H 2 0 4 ,H a O, and dichromate 
(C B H B N B ) 2 ,H 2 Cr 2 0 7 are crystalline ; the picrate 
C 6 H 5 N 6 ,C 6 H 8 N 8 0 7 is stable at 220°, and is so 
sparingly soluble in cold water (1 : 3500) that it 
is used as a means of estimating adenine in 
solution (Ber. 1890, 23, 225); the addiuolfof 
sodium picrate will precipitate adenine from 
exceedingly dilute solutions (1:13,000) (Bar¬ 
nett and Jones, J. Biol. Chem. l.c.) ; the picro- 
loiwle C b H 6 N b ,C j0 H h O b N 4 crystallises from 
water and melts at 205° (Levene, Biochem. 
Zeitsch. 1907, 4, 320). The platinichbride 
(C 5 H 5 N B ) 2 ,H a PtCl« crystallises from dilute 
solution in needles, and yields the salt 
C 6 H B N B ,HCl,PtCl 4 when a concentrated solu¬ 
tion is boiled. The aceiyl derivative C 5 H 4 N 6 Ac 
does not melt at 260°, the benzoyl derivative 
C b H 4 N b Bz has m.p. 234°-235° (Kossel, Ber. 
1886, 20, 3356). ^he methyl and benzyl de¬ 
rivatives have beep prepared (Thoiss, Zeitsch. 
physiol- Chem. 13,395). Bromadenine C 6 H^N*Br 
is stroqjly basic, forms an insoluble picrate, 
and on oxidation with hydrochloric acid and 
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ADENIME. 


potassium ohlorate yields alloxan, urea, and 
oxalic aoid (Bruhna, Ber. 1890, 23,225 ;*Kriiger, 
Zeiteoh. physiol. Chem. 1892, 16, 329). Adenine 
is converted into hypoxanthine by the action 
of nitrous acid (Kossel, Ber. 1885, 18, 1928). 
Adenine-d-glucoside treated with excess of 
nitrous acid yields hyeoxanthine-d-glueoside, 
m.p. 245.°, [a]2«° -34-? in A/soda, +12-92° 
in .V/hydrochloric acid (Fischer and Helferich, 
l.c.). 

Adenine-uracil-dinuc.leotide is obtained as 
an amorphous- powder %y the action of dilute 
ammonium hydroxide <5n yeast-nucleic acid ; it 
has [a] D — 0 - 8°, arrtl gives a crystalline brucine 
salt C 1B H a5 0 u N 7 P 2 ,4C 28 H 26 0 4 N 2 J4H 2 0, m.p. 
174°-175° (decomp.). M. A. W. 

ADHESIVES, as distinguishecMrom cements, 
may be defined to be substances or preparations 
of a gummy or gelatinous character used for 
the purpose of joining together or effecting the 
mutual adhesion of the surfaces of bodies. They 
are usually substances which (1) soften in water, 
e.g. gum arabic, isinglass, glue, &c.; (2) gela¬ 
tinise in water or other menstruum, and harden 
either by the evaporation of the solvent or its' 
absorption by the cohering surfaces’, e.g. liquid 
glue, gelatine dissolved in acetic acid, rubber 
or guttapercha in benzene, &c.; or (3) which 
soften on heating and congeal on cooling, e.g. 
asphalt, marine glue, shellac, &e. The surfaces 
of the articles to be joined should bo perfectly 
clean; they should be brought into intimate 
contact, and as little of the adhesive as possible 
employed. In certain cases perfect contact is 
Bnsured by heating the parts to be joined to a 
temperature such that the adhesive solidifies 
^hi^^hen union is effected. 

Solutions of gum arabifl, or of dextrin, or 
British gum, mixed with acetic acid, are fre¬ 
quently employed in the case of paper. Flour 
or starch mixed with water containing a little 
alum so as to form a thick cream, which is 
then heated to boiling, and when cold mixed 
with oil of cloves, thymol, phenol, or Salicylic 
acid so as to preserve it, makeB an effective 
adhesive. , A transparent paste may be made 
by the use of rice starch instead of ordinary 
flour. Occasionally a small quantity of linseed 
oil or glycerol is added in the case of labels 
-weposea to moisture. Or the labels may be 
protected from damp by being coated with a 
mixture of 2 pts. shellac, I pt. borax, dissolved 
in-1 ft pts. of boiling water. An alternative 
method is to apply a coating of copal varnish. 

A strong adhesive may be made from 
shredded gelatine, swollen in water containing 
25 p.c. of glacial acetic acid and applied hot. 
The mixture should be kept in a closely corded 
phial. Another recipe : Dissolve CO pts. borax 
m 420 pts. water, add 480 pts. dextrin and 50 
* pta. glucose, and heat carefully—not above 90° 
—-with constant Btirring until the whole is in 
solution j replace the evaporated water and 
filter through flannel (Hiscox). 
v \JTheafc flour rioh in proteins is mixed with 
concentrated sulphite liquors and evaporated to 
a suitable consistency (Rdbeaon). Floilr and 
molasses mixed to a stiff paste or stiff flour paste 
and concentrated zinc chloride make ^perma¬ 
nent jjbment. Bry casein mixed wiih # nalf its 
weight of bone and a sufficiency of Water makes 


an excellent adhesive for broken china or 
earthenware. Finely powdered casein 12 pts., 
fresh slaked lime 50 pts., fine sand 60 pts., and 
enough water to make a thick mass makes a 
strong cement for ground unions standing a 
moderate heat. Milk casein dissolved in alkali 
and an alkaline silicate, such as water-glass, 
and mixed with a solution of magnesium or 
calcium chloride, also constitutes an effective 
adhesive. White of egg made into a paste 
with slaked lime used immediately after being 
made up is a very tough and tenacious adhesive. 
Linseed oil mixed with china clay, or lime, or 
red or white lead, or oxide of iron, to which 
powdered glass or graphite may she added 
adheres strongly when set. 

Metallic surfaces after having been rubbed 
with an alcoholic solution of hyaroohlorio acid 
may be caused to adhere by means of a mixture 
of 10 pts. tragacanth mucilage, 10 pts. honey, 
and 1 pt. flour (Spon). 

A marine glue may be used by dissolving 
10 pts. caoutchouc in 120 pts. benzene, and 
adding tho solution to 20 pts. melted as- 
phaltum, tho mixture being poured into moulds 
to consolidate. In order to use it the glue is 
soaked in boiling water and heated ovor a flame 
until liquid. - 

As a leathor cemont: asphalt, 1 pt.; rosin,' 
1 pt.; gutta-p^-cha, 4 pts. ; carbon disulphide, 
20 pts. A plain rubber cemont is made by 
dissolving crude rubber in carbon disulphide or 
benzene. 

Good waterproofing cements are: (1) rosin, 

1 pt.; wax-, 1 pt.; powdered stone, 2 pts. (2) 
Shellac, 5 pts.; wax, 1 pt.; turpentine, 1 pt.; 
chalk, 8-10 pts. For a soft air-tight paste for 
ground glass surfaces: o mixture of equal 
parts of wax and vaseline. A solution of 1 pt. 
of powdered shellac in 10 pts. of ammonia 
water makes a strong cement for porcelain, 
glass, and metals (not copper). 

Plastic cements, as distinguished from 
adhesives of the foregoing nature, are used in 
chemical industry to secure joints and make 
connections of a more or less temporary character. 
Such are plaster of Paris used either alone or 
mixed with asbestos; or when a high tempera¬ 
ture is not required, mixed with shavings, straw, 
hair, cloth, &c. Hydraulic cement used alone 
or mixed with asbestos or sand, is used as a lute j 
it is especially resistant to acid vapours. Ordinary 
clay or fire clay mixed with linseed oil is often 
employed for steam-joints. A mixture of 
fire clijy, 2 pts.; sulphur, 1 pt.; rosin, 1 pt,, 
may be used for nitric and hydrochloric acid 
vapours. Mixtures of (1) pitch, 8 pts.; rosin, 

6 pts.; wax, 1 pt.; plaster, pt.; or (2) 
pitch, 8 pts.rosin, 7 pts. ; sulphur, 2 pts,; 
stone powder, 1 pt., may be used to unite slate 
slabs and stoneware for engineering and chemical 
purposes. See Lutes. 

ADIGAN, A preparation of digitalis (?.c.). 
ADIPIC ACID Butanc-a-l-dicarboxyUo acid 
CO,H-(CH,),'CO,H. Obtained by the action of 
nitrio acid on sebacic-aoid, or on tallow, suet, 
and other fatty bodies (Arppe, Z. 1865, 306; 
Laurent, Ann. Chim. Phys. {2] 66, 160; 
Bromeis, Annalen, 86, 105; Malaguti, Ber. 
1879, 672), It jx present in beet-juice (Lipp- . 
mann, Ber. 1891, 3296), and may be obtained 
irom Russian petroleum by distilling the {notion 
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containing naphthalene hydrocarbons (Aschan, 
Ber. 1899, 1769). It may be prepared by 
the reduction <d mucic acid (Crum-Brown, 
Annalen, 125, 19), saochario acid (de la Motte, 
Ber. 1879,1572), isosaoohario acid with hydriodic 
aoid and phosphorus, or of muoonio acid with 
sodium amalgam (Marquardt, Ber. 1869, 385); 
by heating j8-iodopropionio aoid with silver 
(Wislioenus, Annalen, 149, 221); by the electro¬ 
lysis of the potassium salt of the monoethyl 
ester of succinic acid, whereby the diethyl ester 
of adipic acid is produced (Brown and Walker, 
Annalen, 261,117); by oxidising cyclo-hexanone 
with potassium permanganate in the presence 
of sodiurt carbonate (Rosenlew, Ber. 1906, 
2202 ; Mannich and Hancu, Ber. 1908, 575). 

Adipic acid crystallises in monoclmic lamina*, 
melts at 149°, and sublimes at a still higher 
temperature (Wirz, Annalen, 104, 257). Cyclo - 
pentanone is produced when the calcium salt is 
distilled, and no anhydride is obtained by the 
distillation of the acid. It is slightly soluble 
in water at the ordinary temperature, and has 
a great tendency to form supersaturated solu¬ 
tions (Dieterle and Hell, Ber. 17, 2221); readily 
soluble in hot alcohol and ether. Tt forms salts 
with most meials which are generally soluble in 
water and crystal lisable. There are eight iso- 
merides of adipic acid, all of which have been 
prepared. • * 

ADIPOCERE (from ndeps, iat; and cera , 
wax). A peculiar waxy-looking substance, first 
observed by Foureroy in 1786, when the bodies 
were removed from the Cimctibe den Innocent ,> 
at Paris. A large number of coffins had been 
piled together and had so remained for many 
years; the corpses in many of these were con¬ 
verted into a saponaceous white substance. 
Foureroy placed this substance, together with 
cholesterol and spermaceti, in a separate class 
termed by him * Adipocere.’ Gregory (Annalen, 
1847, 61,' 362), observed a similar substance in 
the case of a hog which had died of an illness, 
and had been buried on the slope of a mountain¬ 
side, The substanoe was completely soluble in 
alcohol, contained no glycerides, and consisted, 
aooording to Gregory, of about 25 p.c. of stearic 
aoid, and about 75 p.c. of palmitic and oleic 
aoids (these three acids form the chief consti¬ 
tuents of lard). The absence of lime was 
explained by Gregory as due to the solvent 
aotion of water saturated with carbonic acid, 
whioh continually ran over the carcase. Gregory 
fully recognised that the fatty acids had been 
formed by the hydrolysis of the fat, water 
having washed away all the glycerol ’simul¬ 
taneously produced, and he clearly stated his 
view that from corpse# of animals all nitrogenous 
and earthy constituents could be washed awa^ 
fatty aoids only remaining behind. Ebert 
(Ber. 8, 776) in the main confirmed these results 
in the examination of a specimen of adipocere. 
On saponifying with potash, about 1 p.c. 
ammonia escaped and an insoluble residue 
(about 6 p.c.), consisting of lime, Ac., from 
tissues, remained. A mixture of potassium 
salts was obtained, which by fractional pre- 
cipitation with magnesium acetate- yielded 
mainly palmitic aoid. The last fraction, not 
precipitabie by magnesium acetate, but by 
wad acetate, yielded a bydroxylated acid, the 
feparak of which is given as C iT H 84 0,. This 1 


acid, termed by Ebeft hydro*, 
melts at»80°, and is most likely 1; 10 hydroxy- 
steario aoid of the melting-point 81®. The 
ooourrence of this acid in the aaipoeere examined 
by Ebert is very likely, as he could not detect 
any oleio acid; it would thus appear that in 
the courso of time the oleio acid had been 
oxidised to 1: 10 h^Broxystearic acid. The 
hard waxy character of adipocere is. mainly 
due to' the presence of hydroxysteario acia. 
Schmelok (Chem. Zeit. 1902, 11) found in the 
examination of three specimens of adipocere 
the following results :—^ 

Melting-point . . . 62'5° C. 

Insoluble fatty acids . 83 84 p.c. 

Ash.17 p.c. 

(containing 83 5 p.c. CaO) 
UnsapoRifiable matter 16*7 p.c. 

Acid value .... 197 

Neutralisation value of 
the fatty acids . . 203 

Iodine value . . .14 

Tarugi (Gazz. chim. ital. 34, ii. 469) also 
states that adipocere consists chiefly of palmitic 
acid. 

According^ to Ruttan (Trans. Roy. Soc. 
Canada, 1917' [iii.] 10, 169) the two isomeric 
monohydroxystearic acids derived from oleic 
acid are invariably present, and the disappear¬ 
ance of oleic acid marks the final change m the 
formation of mature adipocere (cf. Ruttan and 
Marshall, Proc. Amer. Soc. Biol. Chem. 1915). 

The formation of adipocere from animal 
matter had been studied oy Kratter in glass 
vessels filled with water. Kratter’s opinion that 
adipocere originates from the albuminoids must, 
however, be rejected as erroneous, for thengjgjJ^ 
be- no doubt but tjjat the free fatty aciasare 
formed by the hydrolysis of the body fat. 
All tho decomposition products of the albumi¬ 
noids and the glycerol would be washed away, 
and tho fatty acids would naturally form with 
the lime of the bones, lime soap, whioh may or 
may not be further hydrolysed by water, to 
free acid and lime, acceding to the conditions 
obtaining in the decomposition of the body. 
Bacterial and enzymic actions play a quite 
secondary part in the production of adipocere. 

ADLUMINECggH^jOuN, crystals, m.p. 188°, 
occurs in Adlumia cirrhona (Rann.) with adlumi - 
dine C 80 H 8# O 9 N, plates, m.p. 234°, protopine, 
and 0-homochelidonine (Schlotterbeck and 
Watkins, Ph. Ar. 1903, 6, 17). ' » 

ADONIDIN. A digitalis-like gluooside said 
to be extracted from the root of Adonis vernali 
or false hellebore, v. Digitalis. 

ADONITOL. See Carbohydrates. 

4ADORIN. Trade name for a mixture of 
some powder (infusorial earth, starch, &c.) with 
paraformaldehyde. Used as a wound dressing. 

ADRENALINE. Adrenalinum B.P ., Epine¬ 
phrine, Suprarenin 

C 8 H 8 (OH) i , CH(OH)*CH| , NH*OH 1 
The U.S.P. has dried suprarenal gland, Suprare- 
nalum mccum, but not the active principle. 
A ‘ chromogen,’ colored green by ferric ohkaide 
and roge-red by iodine, was discovered in the 
suprarenal medulla by Vulpian (Compfc. rend. 
1856, 43* 663), but the remarkable rise ofablood 
pressure caused by intravenous injection o! 
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suprarenal gland extracts was not observed 
until 1804 (Oliver and Schafer, J. Physlbl. 1894, 
10, i.). Aft6r numerous attempts the active 
principle, which turned out to be also the 
chromogen, was first obtained crystalline by 
Takamine (Eng. Pat. 1467, 1901 ; J. Soc. Chem. 
IncL 20, 740), and aliw)st simultaneously by 
Aldrich (Amer. J. Physiol. 1901, 6, 467). The 
constitution was next established, mainly by 
Pauly (Ber. 1903, 36, 2944; 1904, 37, 1388) 
and by Jowett (Trans. Chem. Soc. 1904, 85, 
192). The racemic substanco was synthesised 
by Stolz (Ber. 1904, dj, 4149; and D. R. P. 
162814, 167300 of Farbw. Meistor, Lucius und 
Bruning; c/. also^akin, Proc. R(*y. Soc., B. 
1905, 76, 491). As the racemic substance was 
found to have little more than half the activity 
of the natural lievo-variety, its ^resolution was 
effected by Flacher (Zeitsch. phvsiol. Chem. 1908, 
58, 681 ; and D. R. P. 222451 of Farbw. Meister, 
Lucius und Bruning). The synthetic 1-base 
thus obtained is identical with the natural active 
principle, and is known commercially as supra- 
renin. 

The name epinephrine was first applied by 
Abel to N-benzoyl adrenaline, but tyter to the 
active substanoe itself, and it is under this name 
that the substance is referred to in the U.S.P., 
for instance. The objection to adrenaline is that 
it is a trade namo ; close on thirty other trade 
names have been in use for the substance. 

Preparation of natural substance. —The minced 
glands (generally of oxen) are extracted with 
aoidulated water at 90°-100°; the extract is 
evaporated to a Bmall bulk, it may then be 
purified with neutral lead acetate, and it is 
finally precipitated with several volumes of 
«R)/^N)r methyl alcohol. The alcoholic filtrate, 
after concentration to a siffall bulk, is precipi¬ 
tated with excess of concentrated ammonia, when 
the adrenaline crystallises in sphaerites on 
standing. Oxidation must be guarded against 
as far as possible, by boiling with zinc dust, or 
by extracting with water containing sulphur 
dioxide; the evaporation is conducted in 
vacuo in a carbon dioxide atmosphere and the 
preoipitation by ammonia takes place under a 
layer of petrol (Takamine, l.c. ; Aldrich, lx. ; 
von Fiirth, Monatsh. 1903, 24, 261). Abe) 
(Ber. 1903, 36, 1839) extracts at once with a 
3*6 p.o. alcoholic solution of trichloracetic acid, 
which eliminates further purification, and seems 
to give a good yield. Bertrand (Bull. Soc. chim. 
1904, [iii.]31, 1289) extracts with 95 p.c. alcohol 
cofitaining oxalic acid, evaporates, shakes with 
petrol, and purifies with lead acetate. 

The crude sandy adrenaline contains inor- 

g &nic matter, and may be purified bv solution 
l acid and repreoipitation, but better by 
utilising the solubility of the oxalate in alconol; 
the orude base is ground up with a 15 p.c. 
solution of oxalic aoid in 85-90 p.c. aloonol, 
which leaves inorganio impurities behind (Abel, 
Pauly). 

Syntheses. —Cateohol is condensed with mono- 
ohloracetio aoid, by means of phosphorus 
oxychloride, and the resulting chloraoetocatechol 
(8:4 : dihydroxy-a>-chloraoet*sphenone) 

(OH) a C e H a *CO<3H a Cl 

is suspended in fdcohol (50 o.o. for 10$ grams, 
the ketone! ; 200 c.o. of a 40 p.c. aqueous 


methylamine solution are added; on standing 
methylarainoaceto catechol 

(OH) f CjB[f *CO ‘OHj’lfH'CHg 
separates out, and is washed with water, alcohol, 
and ether. The ketone iB then reduced to the 
secondary alcohol by aluminium amalgam, or 
electrolytically. For the resolution the bitar¬ 
trate is extracted with methyl alcohol; ^ d- 
adrenaline- d- tartrate dissolves and Z-adrenaline- 
d-tartrate remains behind. The d-adrcnaline so 
obtained is also utilised, for it may be racemised 
by heating with dilute hydrochloric acid, and 
converted into the crystalline racemic hydro¬ 
chloride (D. R. P. 220355), which can fchen again 
be resolved. 

The synthesis from chloracetocatechol appears 
to be the only one of practical importance, but 
various others have been described. The 
methylene ether of adrenaline was synthesised 
by Barger and Jowett (Trans. Chem. Soc. 1905, 
87, 967) from piperonal, but could not be 
hydrolysed to adrenaline, and other attempts in 
this direction were also unsuccessful (cf. Pauly 
and Neukam, Ber. 1908, 41, 4161 ; Barger, 
Trans. Chem. Soc. 1908, 93, 2081; Bottoher, 
Ber. 1909, 42, 253 ; Pauly, ibid. 1909, 42, 484 ; 
Mannich, Arch. I’harm. 1910, 248,127 ; D. R. P. * 
209609, 209610, 212206). Another adrenaline 
synthesis referred to in ^he patent literature, 
consists in methylating the primary base 
corresponding to adrenaline, namely 3:4-di- 
hydroxyphenylethanolamino. This substance, 
known commercially as arterenol , may be 
obtained (a) by the reduction of amino-aceto- 
catechol (D. R. P. 165632); and (6) by the 
reduction of the cyanhydrin of protocatechuic- 
aldehyde witli sodium amalgam (D. R. P. 
193634). The latter reaction may be repre¬ 
sented thus: 


(OH) 8 C fl H 3 CH(OH)CN+4H 

=(OR) 2 C 6 H 8 -CH(OH)CH a NH 2 
Amino-acetocateehol may be produced (a) 
from chloracetocatechol (above); (b) from 

piperonal or methyl vanillin, \ia w-nitroaceto. 
eatechol, which is reduced (D. R. P. 195814) thus . 


(OH) a C 8 H s COCH a -NO a +6H 

==(OH) a C 6 H,CO*CH g , NH i 
(c) by hydrolysis of the condensation produots 
of veratrole with hippuryl chloride (D. R. P. 
185598 and 189483) 


(MeO) a C 6 H a CO-CH a NH-COC fl H 8 

(OHJ.CeHyCO-CH^NH, 


or by* hydrolysis of the similarly constituted 
phthalimido-acetoveratrole (D. R. P. 209962 
and 216640). The last-mentioned four patents 
are of Farbenfabriken vorm. F. Bayer & Co., 
all the others of Farbw. vorm. Meiater, Lucius 
und Briinieg (cf. Friedlander, viii. 1181-1190; 
ix. 1024-1033). The most recent synthesis is a 
modification of some earlier ones. 

Diacetylprotocatechuic aldehyde I, on con¬ 
densation with nitromethane in feebly alkaline 
aqueous solution yields 0-hydroxy*j8-3:4-di* 
aoetoxyphenylnitroethane (II.). When this is 
mixed with the calculated quantity of formalde¬ 
hyde and reduced by zinc ana acetic aoid, 
,8-hydroxy-/3-3 : $-diacetoryphenyl ethyl methyl- 
amine (III.) is formed, from which adrenaline 
is obtained 0 n removal of the aoetyl groups ' 
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OAo OAo 


/^jOAo -» QoAo 
CHO CH(OH)CH,-NO, 



CH(OH) CHj'NHMe 

(III.) 

N. Nagai, Jap. Pats. 32440, 32441, 1018). 

Properties .—Natural adrenaline, when pure, 
: onns odourless sphaero-crystals, m.p. 211° 
112°, [a] D —53°; the solubility in water at 20° 
s 0 0268 p.c., and it is also very slight in most 
irganio solvents. Racemic adrenaline deeom- 
Doses at 230°. Adrenaline dissolves in the 
jalculated quantity of mineral acids, or even in 
ilightly less ; it also dissolves in caustic alkalis. 
Its ohief chemical oharaoteristio is the ease 
vith which it undergoes oxidation (set colour 
motions, below). Solutions with a slight excess 
rf acid are the most stable; traces of iron 
moderate oxidation (Gunn and Harrison, 
Pharm. J. 1908, TivJ, 20, 513). 

The salts of the optically active adrenalines 
ire mostly amorphous and deliquescent; the 
'jorate ib said to be more stable ( D. R. P. 107317). 
The chief crystalline salt is the hitartratz em¬ 
ployed in the resolution of the racemic base. 
The latter yields a crystalline hydrochloride , 
n.p. 157° (I). R. P. 202109), and a crystalline 
xcalate ; the corresponding optically active 
salts axe amorphous. 

Colour reactions. Colorimetric estimation .— 
There arc three kinds of colour reactions for 
idrenaline : (1) the general catechol reaction 
with ferric chloride (limit of green coloration 
l : 30,000); (2) the phosphotungstic reaction of 
Polin, Cannon and Denis (Journ. bid. Chem. 
1913, 13, 477 ; cf. Folin and Denis, ibid. 1912, 
12, 239), in which the reagent gives a highly 
coloured blue reduction product; (3) a reaction 
with a considerable number of mild oxidising 
reagents, in whioh the adrenaline is converted 
into apparently one and the same roso-red 
oxidation produot. For the colorimetric estima¬ 
tion of pure adrenaline solutions the reaction of 
Folin, Cannon and Denis is the most suitable, 
md agrees closely with physiological measure¬ 
ments (Seidell, Journ. biol. Chem. 1913, 15, 
197; Johannessohn, Biochem. Zeitschr. 4916, 
76, 377). The reagent employed is the same 
is for the estimation of urio acid, but adrenaline 
is three times as sensitive (Johannessohn gives 
the ratio 2-98). 100 grams sodium tungstate 
ire dissolved in 750 c.o. of water, and after adding 
SO c.o. of 85 p.o. (syrupy) phosphoric*acid, the 
solution is boiled gently for 1J-2 hours, and 
then made up to 1 litre; mg. adrenaline 

3an be detected ; limit 1: 3,000,000. The blue 
Jolour soon fadec. Urio acid solutions are used 
is standards. 

For the estimation of adrenaline in extracts 
)f the gland whioh are always more or less 
fellow in colour, the phosphotungstate reagent 
is less, suitable (Seidell, l.c.) t and*it is unsuitable 
for mixtures of adrenaline with cocaine, novo- 


caine, &o., because the latter bsfees axe pre¬ 
cipitated 4>y the reagent (Johannessohn, f.c.). 
In these caaes a reaction of the third type seems 
preferable (3). Seidell shakes 10 c,c. of gland 
extracts containing 1:50,000 adrenaline, for 
one hour with 5' mg. of powdered manganese 
dioxide, filters, and maf-ches the colour with 
that of standards, prepared by mixing, in 
various proportions, a solution of 2 grams 
CoCla'GIIrjO+l c.c. concentrated hydrochlorio 
acid in 100 o.c. water, with an auric chloride 
solution containing 0J gram AuC1 8 in 100 c.o. 
water. These mixtures^ are standardised by 
comparison with a 1:1(M?,000 solution of pure 
adrenaline, mixed with an extract of desiccated 
thyroid gland (which has the same yellow colour 
as a suprarenal extract). 

For mixture containing cocaine, &o., 
Johannessohn employs the Frankel-Allers re¬ 
action (Biochem. Zeitsoh. 1909, 18, 40), which 
consists in adding an equal volume of 0*001 
.V-potassium bi-ioaate and a few drops of phos¬ 
phoric acid, and heating nearly to the boiling- 
point ; a red colour is obtained with adrenaline 
up to 1 : 100,000 or 1 : 300,000. Other oxidising 
reagents giving a red colour are aurio chloride 
(Gautier, Oompt. rend. Soc. do Biol. 1912, 73, 
564; very delicate), potassium persulphate 
(Kwins, J. Physiol. 1910,40,317 ; 1 : 6,000,000). 
iodine, mercuric chloride, potassium ferri- 
cyanide, bromine, bleaching powder, osmic acid. 
For a detailed criticism of the quantitative 
application of these reagents, see Borberg 
(Skand, Arch. Physiol. 1912,27, 341), also Bayer 
(Biochem. Zeitsch. 1909, 20, 178) for means 
of making them more sensitive but less specific. 

Physiological methods of estimating adrena¬ 
line are more reliable*, and may be more accjUtgifem 
than the colorimetric* ones. The blood pressure 
of a cat, with brain and spinal cord destroyed, 
and without anasthetic, reacts, according to 
Elliott (J. Physiol. 1912, 44, 374), * with 
mechanical accuracy,’ and permits of the 
estimation of the adrenaline content of a 
cat’s supra-renal with an error of 0 01 mg. 
(3-4 p.c. of the total amount present). Mode¬ 
rately accurate results may also be obtained 
with frogs (Lawen, Arch. exp. Path. Pharm. 
1904, 51, 415; Trendelenburg, ibid. 1910, 63, 
161). 

Fresh bullock’s supra-renals may contain up 
to 0*25 p.c. adrenaline ; the desiccated gland 
(U.S.P.), corresponding to 6 pte. of the fresh 
gland, may contain about 1*6 p.c. A fresh 
bullock’s gland dissected free from fat weighs 
about 10-12 grams. The actual yield in manu¬ 
facture often does not exceed 0*1 p.c. from 
bullock’s glands; sheep, and especially hogs, 
contain lesB. The dried secretion of the parotid 
glaiftl of Bufo agua , a Central American toad, 
contains as much as 6 p.c. of adrenaline (Abel 
and Macht, J. Pharm. exp. Ther. 1912, 3, 319). 

The moijt important physiological action of 
adrenaline is that on the arterioles, causing 
constriction and rise of blood pressure. Intra¬ 
venously minute doses (0*0003 mg. per kilo 
in rabbits) produce a distinct effect. Applied 
to a mucous surfa^ft, it causes marked local 
va5o-constriction and blanching; on this 
property depends it.f? chief use as a h&mostatio 
in sorcery. It' is often used mijed with e^ioc&l 
anaesthetic like cocaine. Moat commercial 
f 
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solutions and the Liquor adrenalini hydro- 
chforicuB of the B.P. contain 0’1 p.o. AirenaEne 
dissolved in ti slight excess of acid (e.g. one-half 
equivalent) which renders them more stable 
than solid tablets (according to Johannessohn, 
1.6.; Gunn and Harrison, lx.). Chloroform 
(B.P.) or other preserv^ive may be added, and 
salt to make the solutionlsotonic with the blood. 
For sterilisation by heat, see Rowe (Amer. J. 
Pharm. 1914, 86, 146). Adrenaline has been 
recommended (in oral doses of 6-6 mg. per 
24 hours) for sea-sickgess (Revue Scientifique, 
1917). The physiological activity of (/-adrena¬ 
line is about ^ of that of /-adrenaline (e.g. 
Cushny, J. PhysiBl. 1909, 38, 259«f Titfeneau, 
Compt. rend. 1916, 16J, 36), and hence the 
racemic base is slightly more than half as active 
as the natural variety. « 

Adrenaline Substitutes. —Numerous amines 
have an action more or less resembling that of 
adrenaline (Barger and Dale, .T. Physiol. 1910, 
41, 19). Three, all closely related to adrenaline 
in structure, have been recommended as sub¬ 
stitutes, but have not found wide application. 
Racemic * artorenol,’ 3 : 4-dihydroxyphenyl- 
ethanolamine (OH) 2 C„H 8 -CH(OH)-CH 2 .NH 3 (see 
above), m.p. 191° (hydrochloride, m.p. 141°), is 
said to be about half as active as /*adrenaline. 
Ilomorenon , w-ethylamino-3 : 4 dihydroxyaceto- 
phenone (OH) 2 C a H 3 -CO-CH 2 -NH-(kH f , has a 
crystalline hydrochloride, m.p. 260°, and a 
very much weaker action than adrenaline 
Eptnine, 3:4-dihvdroxyphenyletbylmethyl- 
amine (OH) a C 6 H 3 -CH; CH 2 : NH CH B , m.p. 188°- 
189° (Pyman, Trans. Chem. Soc. 1910, 97, 272), 
is intermediate in action between the two former 
bases. (For Tyramine, see article on Ergot.) 

a more detailed account of the chemical 
and physiological properties of adrenaline, see 
Barger, The Simpler Natural Bases, Longmans, 
1914, pp. 81-105. G. B. 

ADRENCAINE. See Eudkemne. 

ADSORPTION v. Colloids. 

ADUROL. Trade name for a haloid sub¬ 
stitution product of hydroquinone, used as a 
photographic developer. 

AfiRATED or MINERAL WATERS. 

Originally the term < mineral water ’ was used 
to describe natnral spring waters containing 
small quantities of various salts in solution, and 
frequently saturated with carbon dioxide, 
hydrogen sulphide, or other gases. When these 
waters were first imitated by the artificial intro¬ 
duction of carbon dioxide into dilute saline 
liquids, they were known as ‘ aSrated waters,' 
to distinguish them from the natural produots. 
At the present time the two terms are employed 
indiscriminately, and as a rule the whole of the 
produots of the manufacturer of aerated waters 
are popularly known as 1 mineral waters.’ 

natural Mineral Waters. In every quarter 
-of the globe natural spring waters containing 
salts with medicinal properties are common, 
though fashion has made some more celebrated 
than others. Some of these waters (e.g. Hunyadi 
Janos) oontaitt magnesium and sodium sulphate, 
and have an aperient aotion, whilst others con¬ 
taining iron (e.g. Tunbridge Wells water) are 
valued as tonics. Others, again, like th# waters 
of Harrogate, contain sodium sulphide (fl-02 p.o.), 
and (Reaped aswemedies in various ocunplaints. 

The most^ widely oonsumed natural mineral ■ 


waters are tnose waiofl contain only a small 
proportion of salts and a huge amount of carbon 
dioxide. Typioal examplea c| these are Apol- » 
linaris water, Seltere- water, and St. Gaulmier 
(Frenoh). 

The table of analyses (p. 50) show the ohief 
constituents of typical natural mineral waters. 

Small quantities of many other compounds 
are also present in all these waters, but the 
figures given above represent their main con¬ 
stituents. The composition of all natural 
mineral waters varies from time to time, but' 
they preserve their general characteristics. 

Artificial Mineral Waters. Special mixtures 
of salts approximately corresponding in com-' 
position to those in many of the well-known 
medicinal waters are now sold, with directions 
for preparing solutions, which, when aSrated, 
shall produco passable imitations of the natural 
products. 

Among the purely artificial mineral waters • 
mention must be made of seltzer water, which is 
prepared somewhat upon the lines of the natural 
Setters water, and contains sodium oarbonate, 
chloride, and sulphate, and sometimes oalcium 
and magnesium chlorides, the proportion of these 
ingredients being varied to suit the popular taste 
of the district. It is bottled at a pressure of * 
about 120 lbs., corresponding to about 45-65 lbs. 
in the bottle. , e 

Ollier medicinal artificial mineral waters 
include soda-water, potash-water, lithia water, 
and magnesia- water. Soda-water was an official 
drug in the London Pharmacopoeia of 1836, but 
was not introduced into the British Pharma¬ 
copoeia until 1887. In the present Pharma- 
copoeia (1808) it is omitted, together with the 
other alkaline waters. There is thus now no 
standard for soda-water, and since the old 
standard of 30 grains of sodium bioarbonate to 
the pint is sometimes found too alkaline to be * 
palatable, a large proportion of the soda water . 
upon the market contains much less than the 
old specified proportion of alkali. 

Methods of Aerating. —The prooess of im¬ 
pregnating water with oarbon dioxide under 
pressure dates back to the middle of the 18th 
century, one of the earliest inventors of appa¬ 
ratus for the purpose being the Duke de Chaflons 
in Trance. In this country the artificial 
1 aeration ’ of water was suggested by Bewley 
in 1767, and in 1772 Priestley oonstruoted an 
apparatus somewhat on the principle of the 
modern Kipps’ gas generator. A similar ap¬ 
paratus was devised about the same time by 
Bergman, and was extensively used throughout 
Sweden. 

The earliest processes of bottling afirated 
waters made iise of what is known as the • 

1 Geneva ’ or semi-continuous process, in which 
the oarbe* dioxide, after being generated from 
chalk and aoid, was forced under pressure with 
water into a cylinder, whenoe it oould be drawn " 
off into the bottles. This process, which is still 
employed in modified forms, is useful when a 
relatively small amount of liquid is to bp im- ( 
pregnated, but has the drawbacks of requiring 
tho work to be interrupted to recharge the 
cylinder, and of bottling the liquid at lower 
pressures than, are often required. .Hence in ¬ 
most mineral - water factories the continwUt. 
process is employed. Although numerous patents . 
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a connection with aerating machinery have 
>een taken out, the type of machine which 
riginated with Bramah is still tho one in 
eneral use. 

In Bramah’s continuous process the gas is 
enerated in a leaden or lead-lined generator 
rom sulphuric acid and a carbonate, and passes 
ito a gasometer consisting of an inverted copper 
ell in a tank of water. 'Jhence, after expanding, 
i is pumped, simultaneously with^vater, into a 


condenser or globe, where the water is finely 
divided and saturated with tho gas under a 
pressure indicated upon a gauge. Prom this it 
passes into the bottling part of the machine, 
where each bottle, placed by hand in position, 
receives a measured quantity of oonoentrated 
sodium carbonato solution or of sweetened syrup 
and is filled up with the water charged with 
the gas. 

A ‘ blow-off’ valve is provided so that the 



Plan of a Soda-water Manufactory. 


A. Main water supply from well or waterworks. L. 

B. Water reserve. • 

0. Filter. 

D. Pipe and branches supplying filtered water to syrup M. 

boiler, solution tank*and soda-water machine. 

E. Steam-cased pan*for boiling syrups. t N. 

FFF. Mixing ana cooling pans for syrups. O. 

GGG. Felt filtering bagB, through which syrup is 

passed. • p. 

HHH. Tank in compartments for storing filtered Q. 

syrups. R. 

HI. Syrup junctions and pipes supplying Byrup pumps S. 

at bottling machines. T. 

JJJ. Bottling machines XJ. 

K. Solution pan feeding soda-water machine with V. 
either plain water from filter C, or soda or other X. 
solution from tank L. 


Soda-water solution tank for mixing mineral waters 
which require no Byrup. When using this tank 
the tap M is closed. 

Tap to shut off plain filtered water when bottling 
non-saccharine beverages. 

Soda-water machine. 

CoiWenser containing aerated water, to which pipes 
loading to bottling machines are attached. 

Whiting bin. 

Whiting shoot to generator. 

Vitriol cistern. 

Gasometer. 

Generator. 

Blow-back prevention acid box. 

Steam engine. 

Steam pipe to lymp toller and bottle-washing 
apparatus. 
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air may be oompletely expelled from the bottle, 
and in some types ot macnlnes there ure mean* 
for returning the excess of gas to the gasometer, 
though this is not altogether advantageous. 

Arrangement of Apparatus. —The general mode 
of arranging the aerating apparatus in the fac¬ 
tory is shown in the accompanying figure (p. 51). 
The generator, t, is now frequently replaced 
by cylinders of liquefied carbon dioxide, which 
are connected with the gasomoter. The soda- 
water machine, properly so called, has one or 
two pumps for forcing the gas and the water 
into the condensor, o, the latter being made of 
gun-metal with a lining of pure tin, and capable 
of withstanding s» pressure throe qr four times 
in excess of any normally employed. In small 
installations a gas-engine usually takes the place 
of a steam-engine.. w 

Carbon Dioxide Supply. —The general use of 
liquefied carbon dioxide instead of that generated 
from acid and calcium carbonate is the chief im¬ 
provement on tho original method of bottling. 
The new method is less expensive, more con¬ 
venient, and obviates the difficulty attending 
the older process of disposing of the residue 
of calcium sulphate from the generator. . 

Liquefied carbon dioxide collected from the 
fermenting tuns in breweries is sometimes em¬ 
ployed, but in the writer’s experience gas from 
this source not infrequently contains tracos of 
volatile impurities, which impart an unpleasant 
flavour to soda-water. 

Pressures for Aerating .—Soda-water and 
similar unsweetened mineral waters arc usually 
bottled at a pressure of 100-120 lbs. to the 
square inch in bottles, and of 160 lbs. m siphons, 
whilst for lemonade and the like a pressure of 
«0^8 0 lbs. is employed. In the case of goods 
""intended for export a piuch lower pressure 
(usually 40-50 lbs.) is generally considered suffi¬ 
cient. The figures here given are those indicated 
upon the pressure gauge of tho machine, the 
actual pressure in the dosed bottle being very 
much less. Thus experiments made by the 
writer have shown tnat the pressure within 
bottles of soda water bottled at a machine 
pressure of 100-120 lbs. does not exceed 45-55 
lbs. An excess of pressure above a oertain 
limit does not result in the liquid containing 
more gas. 

during the last few years automatic bottling 
machines have been introduced into all the 
leading factories. 

The principle upon which these machines is 
based is that of charging an upper cylinder with 
the carbonated liquid, and filling the bottles 
automatically in turn, after creating a counter- 
ressure. Under these conditions the liquid 
owa quietly into the bottles, and there is no 
unavoidable loss of gas or syrup, through hawing 
to remove the air by 1 sniftmg. 

' The bottles are brought beneath the filling 
cylinder on a rotating platform, and each in 
turn fits tightly into a belt-mouth, while a 
valve is provided for the escape of the air 
expelled Dy the carbon dioxide. This air 
coQeots above the liquid in the feeding cylinder, 
until, when a certain pressure is reached, it is 
automatically discharged trough a valve at 
the top. After filling, the* hot tics are removed 
by hand, and either corked by hang! or by 
maohtrteiy, without any materia! loss ©^pressure, 
i 


The larger sizes of machines are capable of 
filling from 100 to 140 dozen bottles per hour, 
and the saving in gas, as compared with the old 
typo of filling machines, is abont 25 p.o. 

Low-pressure Bottling. —Maohines for auto 
matically filling the bottles at a low pressure are 
al3o largely used in mineral water factories, and 
have the advantage of speed over machines in 
which the filling is effected by the action of 
counter-pressure. 

An automatic machine of this type is shown 
below. As the machine revolves the empty 



Hayward-Tyler & Co.’s Power Thistle 
Filling Machine. 


A, FaBt and loose pulleys for driving machine; B, 
Bottle rests on which bottles are placed for 
tilling; C, Bottle rest levers; D, Cam, which 
operates bottle rest levers; E, Boilers on valve 
handles; F, Cam for opening valves: G, Release 
valves to let air out of chambers, H, Tappet for 
opening release valves; I, Air chambers; J, 
Regulating handles for air chambers. * 

bottles are successively inserted in the space 
above the blocks b, which are depressed in turn 
by the action of the lever o, and are held in 
position, with an air-tight jfcint round the mouths, 
By means of a spring. The aerated water enters 
the bottles from air-ohambers in a spiral stream, 
leaving a S^ace in the centre, through which the 
air escapes, and passing through a small hole 
in the mouth-piece, is compressed in a chamber, 
until it is released by the removal o! the bottle 
from the macliine. When* the revolution is com¬ 
plete each bottle is removed by hand, and corked 
or stoppered without material loss of pressure. 

By the use of either this system or the 
counter-pressure system there is no waste of 
gas or liquid, and the bottles are more perfectly 
^charged with carbon dioxide at a pressure of 
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76-80 lb*, than was possible on the older types 
of machines, in which a pressure of 120 lbs. or 
over was commonly used, and the air was 
expelled from each bottle by means of a 
‘ euifting ’ valve controlled by hand. 

An essential of good bottling is that all air 
should be expelled from the bottle, since other¬ 
wise, air being only slightly soluble as compared 
with oarbon dioxide, the liquid will rush with 
almost explosive violence from the bottle, when 
opened, but will become flat almost immediately. 
On the other hand, a liquid properly saturated 
with carbon dioxido and free from air will 
continue to emit minute bubbles of gas for at 
least five giinutes after it leaves the bottle. 

Pressure Gauges .—The mode of measuring 
the pressure of the gas varies in different 
countries. Thus in England and the United 
States the zero mark on the dial of the pressure 
gauge indicates atmospheric pressure, and the 
succeeding figures represent the number of lbs. 
in excess of that pressure. In Germany the dial 
is graduated in atmospheric pressures in excess 
of the normal pressure, which is represented by 
zero; whereas in France, which adopts the same 
mode of expression, the figuro 1 represents the 
normal pressure, and the figuro 2 corresponds 
to 1 on the German scale and to 16 lbs. on the 
British and American scales, and so on. 

Sweetened Aerated Drinks. —Lemonade, ginger 
ale, and similar sweetened ‘ min^al waters ’ are 
prepared in the same w'ay as soda water. A 
thick syrup is made Irom sugar and saccharin 
and water, and this is acidified with citric or 
tartaric acid and flavoured with an essentia] 
oil, which is conveniently added in the form of 
an alcoholic solution termed a ‘soluble essence.’ 

The syrups are filtered through the filter bags 
shown at c, c, c, in the diagram, into thoir 
respective tanks, h, h, h, whence they arc 
drawn off into the bottling machine. The use 
of saccharin to replace part of the sugar in the 
syrups is almost universal in this country. It 
has the advantages of reduoing the cost and of 
acting as a preservative, whilst its disadvantages 
are its cloying taste, which prevents its being 
used in more than a certain proportion, and the 
want of fulness on the palate of syrups containing 
it. The latter drawback is sometimes remedied 
by the addition of glucose syrup. 

Methods of detecting and identifying sac- 
oharin are described by Boucher and Boungnc, 
Bull. Soc. Chim. Belg. 1903, 17, 126; Analyst, 
1903, 28, 241; von Maler, Farmaz. J. 1904, 
1089; Analyst, 1904, 29, 374; Villiers, Ann. 
Chim. Anal. 1904, 9, 418; Analyst, 1905, 30, 
21; Chace, J. Amer. Chem. Soo. 1904, 26, 1627 ; 
Jorgensen, Analyst, 1909, 34, 166. 

Addition of Saponfn .—The popular demand 
for a liquid which shall retain a frothy head fol 
some time after it has left the bottle has led 
to the manufacturers frequently fdding an 
extraot of quillaia bark or other preparation of 
saponin, sold under the name of ‘foam heading,’ 
Ac. Suoh an addition is more necessary in 
liquids containing saccharin than in all-sugar 
beverages, which froth more with the carbon 
dioxide Aocording to the results of experi¬ 
ments made by Lohmann (Zoitsch. offentl. Chem. 
1903, 9, 320; Analyst, 1903, 28, 361), saponin 
has no injurious physiological effects. On the 
other hand, according to Bouroet and Cheva¬ 


lier (Pham. J. 1905, 70. 691) commercial 
saponin contains neutral saponins of a toxic 
nature. m 

For the detection of saponin, see Brunner 
(Zeit. Untersuch. Nahr. Genussm. 1902, 6, 1197), 
and Riihle {ibid. 1908, 16, 106; J. Chem. Soo. 
Ind. 1908,27,964), Rosenthaler (Zeit. Untersuch. 
Nahr. Genussm. 1913 ; #25, 164), and Campos 
(Ann. Chim. anal. 1914, 19, 289). 

Fermented Beverages .—The products of the 
mineral water factory include one or two 
beverages in which the aeration is the result of 
a limited fermentation. * 

Ginger beer, which i» the type of this class, 
is prepared by adding sugar^and citric acid to 
a dilute infusion of ginger root, infecting the 
liquid with a small quantity of a suitable yeast, 
bottling it, and allowing the bottles to stand 
at a proper temperature until sufficient fer¬ 
mentation has taken place. 

As a rule tho fermented liquid contains less 
than 1 p.c. of absolute alcohol, but occa¬ 
sionally in very hot weather the fermentation 
may proceed much further, and the ginger bee 
may then contain as much as 6 or 6 p.c. c 
alcohol. The pressure in the bottle of ginge 
beer when ready for consumption averages abou 
16 lbs. to the square inch, but in case* c 
abnormal fermentation it may reach 100 lbs. o 
more, and burst the bottle. 

Occasionally objectionable flavours are pre 
duced by infection of the liquid with wild yeast 
or bacteria, just as in the case of ordinar 
beer. 

Other drinks of this description are hore 
hound beer and other herb beers. Certain nor 
alcoholic ales on the market are prepared fa- 
partial fermentation of an infusion of maj 
and hops, which is then used as a syrup, an! 
bottled with aerated water as iq the case o 
lemonade. 

Stoppers of Bottles. —The screw stopper c 
vulcanite or stoneware with a rubber ring t 
effect a tight joint is now universally employed 
for the glass ball-stopper (which had much t 
recommend it) has fallefli into popular disfavoui 
and is now rarely met with, except in out-of-the 
way districts. 

The chief objection to the rubber-olad stoppe 
is that impurities of various kinds may loag 
beneath the rubber, and unless strict clean 
liness is observed, may contaminate the con 
tents of the next bottle into which it is intro 
duced. 

The Crown corking system has in reoen 
ears come into general favour for olosinj 
ottles of mineral water. 

A cap of tinned steel or alu minium , with i 
corrugated edge, is pressed down by a machin 
int% a special ridge on the neck of the bottle 
while a disc of prepared sterilised cork covers 
with parchment paper, which is fitted into th 
cap, makes an air-tight joint. 

It is essential that the bottles should be o 
an exact pattern, since the slightest variatioi 
from the standard may lead to faulty bottlin, 
and consequent loss of gas. 

Bacteriological Conditions .—It was former! 
believed' that sterilisation was effected by 
aerating# a liquid with carbon dioxide under a 
high procure. In 1908, however, bactericgcopio 
examinations were made, at tfle instigation of 
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the medioal officer for the City of London, of a 
large number of bottles of Boda-wateur, and it 
was found that about 25 p.c. could be regarded 
ae pure, and over 33 p.c. as impure, the remainder 
being ‘fairly pure' or ‘not pure.’ In some 
of the worst samples the numbers of micro¬ 
organisms per 1 c.c. ajb 20° were uncountable, 
and some yielded sediurtJnt from 50 c.c., which 
when cultivated at 37°, gave innumerable 
oolonies. 

As the result of this investigation a meeting 
of representative mineral water manufacturers 
was hold, and^it was decided to adopt stringent 
measures to guard against bacterial contamina¬ 
tion. o 

In addition to the obvious precautions of 
having a pure water supply and observing clean¬ 
liness in every stage of tho manufacture, it was 
agreed to discard all wooden tanks and vessels 
(except for preliminary soaking to remove labels 
from old bottles), to rinse tho bottles with 
water of assured purity immediately before 
filling, and to use for this purpose a metal jet 
of sufficient force. Wherever practicable, rubber 
rings were to be romoved from the stoppers, or, 
failing that, were to bo immersed in a solution 
of calcium bisulphite, and afterwards rinsed with 
pure water. The plant was also to be inspected 
by a competent authority. 

There is no doubt that the adoption of such 
precautions has had the result of raising the 
standard of purity of soda-water throughout the 
country. 

In considering the bacteriological aspect of 
the question, several points suggest themselves. 
Thus an unfavourable bacterioscopic examina¬ 
tion of one or two samples taken casually does 
vflijfei-necessarily imply faulty manufacture, for 
it may be the result of accidental contamination 
of the stopper by the hands of the worker— 
against which there is no complete safeguard. 

Absolute sterility of the contents of the 
bottle should not be demanded, and it is un¬ 
reasonable to require a greater degree of purity 
than that of the average water supply of London. 
Given a sufficient degree of purity of the original 
water, which is essential, efficient inspection 
of the factory at irregular intervals is a better 
protection tnan an occasional bacterioscopic 
examination. When such examinations are 
made periodically, they should be made under 
comparable conditions, t.e. at the same intervals 
after bottling; otherwise the product of the 
cleaner proooss may show the worse results. 

< Standards are notoriously difficult to fix, 
but making allowance for the various chances 
of contamination, an average sample of soda 
water, examined one day after bottling, should 
not yield more than 100 organisms per 1 c.c. at 
20*, or contain sufficient B. coli to be dis¬ 
coverable in 10 c.c. 

Preservatives in Mineral Waters. —The pre¬ 
servatives most likely to be met with in un¬ 
sweetened mineral waters are sulphites and 
bisulphites, solutions of which are frequently 
used, as in breweries, for cleansing the plant. 

A small proportion of salicylic acid is often 
employed to prevent fermentation in.the so- 
called * fruit syrups' and other sweetened 
articles, which might otheiVise ferment and be 
the subject of |in exoise prosecution rfor con¬ 
taining alcohol. • 


Fermentations occurring in Mineral Waters .— 
Excessive fermentation of ginger beer is not 
uncommon in very hot weather, and the writer 
has met with samples containing as muoh as 
6 p.c. of absolute alcohol. 

Occasionally aoetic or lactic fermentation 
may take place, and spoil a batch of goods, but 
this seldom happens when thorough cleanliness 
is observed. 

A troublesome form of fermentation, commonly 
termed the ‘ mucoid fermentation,’ results in 
the conversion of the contents of the bottle into 
a thick ropy gelatinous mass. This may be 
caused by several micro-organisms, such as 
B. gclcUinosum betce or B. viscosus saqfhari, and 
jb more liable to occur when beet sugar is used 
for the syrup than whon cane sugar is used. 
When it occurs in an isolated bottle, insufficient 
cleansing is a chief factor in its production. 

Metallic Impurities .—Mineral waters not in¬ 
frequently contain traces of metallic impuritieR, 
especially iron, tin, and lead, derived from the 
materials used or from some part of the plant. 

Iron in soda-wator is objectionable from the 
fact that, when the beverage is added to a 
light-coloured liquid, such as whiskey, con¬ 
taining a trace of tannin, an unpleasant dark 
colouration is produced. 

Traces of tin find their way into mineral 
waters through the actign of acid syrups upon 
the tin piping heading to the bottling machines, 
whilst lead may be derived from solder on the 
pipes. No such soldering should be permitted, 
and thorough flushing of tin piping with water 
night and morning effectually prevents con¬ 
tamination with tin. A still better safeguard, 
which has been adopted by some factories, is 
to replace the tin pipe by glass tubes with 
rubber connections. 

Alloys of lead or antimony with tin are more 
soluble in seltzer water than either metal 
separately (see Barille', Compt. rend. 1911, 153, 
351). 

A still more common source of lead is the 
citric or tartaric acid, in which it is frequently 
present as a manufacturing impurity. 

Copper is not a common impurity, and. when 
present, is usually due to accidental contact of 
the acid syrup with the metal. 

Arsenic may be derived from glucose used 
in the preparation of the syrups, or from the 
use of preparations of phosphoric acid instead 
of citric or tartaric acid for acidifying the syrups. 

It has been asserted that mineral waters 
take up traces of antimony from the rubber 
rings of the stopper (whioh contain a large 

S ortion of antimony sulphide). Experiments 
a by the writer, however, have shown that 
$ven a boiling 5 p.o. solution of hydrochloric 
acid does not dissolve any antimony from red 
rubber, aqd that there is thus no risk of mineral 
waters being contaminated in this way. 

(For the detection of traces of metallic im¬ 
purities in mineral waters, see Budden and 
I lardy (Detection of Lead, Tin, Copper, and 
Iron), Analyst, 1894, 10, 160; Tattook and 
Thomson (Lead in Citric and Tartaric Acid), 
Analyst, 1908, 33, 173 ; Lander and Winter 
(Poisonous Metals), Analyst, 1908, 33, 450; 
Report of Conjoint Committee on Arsenic Deter¬ 
mination, Analyst, 1902, 27, 48; Report of 
.Royal Commission (Arsenic), Analyst, 1904, 29, 
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60; Thorp© (Eleotrolytio Determination of 
Arsenio), Analyst, 1903, 28, 349); Curtman 
and Mosher (tin), J. Amer. Chem Soc. 1913, 35, 
357). C. A. M. 

32RGUO. (Verdigris (?) or hydrated basic 
carbonate of copper.) The name given by the 
Romans to the green rust produced on copper 
and bronze by the united action of the oxygen 
water and carbon dioxide of the air. It was con¬ 
sidered by them to enhance the beauty of tlicir 
bronze statues. The same rust forms on brass, 
which was, however, not used by the Romans. 

A2SCHYNITE. A rare-earth mineral from 
Minsk in yie Ilmen Mountains, southern Urals, 
described by Berzelius in 1828, and named 
from alcrxvi'Ti, shame, in allusion to the fact 
that at that time no moans of separating 
titanium and columbium was known to onemists. 
It is a titano-columbate (and thorate) of cerium- 
metals, calcium, and iron, and the composition 
can be expressed as a combination of a meta- 
columbate (Ca,Fe)Cb 2 0 8 with a titanate (and 
thorate) Ce a (Ti,Th) 4 () 11 . The mineral forms 
orthorhombic crystals of prismatic habit. It 
is blaok or brownish, with a pitchy lustre, and 
conchoidal fracture; sp.gr. 4*9-5T7 ; hardness, 
6-6. The crystals are found with red felspar, 
biotite, and zircon in nepheline-syenite at 
Miask, Urals. The gpaineral from Hittero, 
Norway, referred to this spe<fes by W. C. 
Brogger in 1879, has since been named blom- 
strandine (q.v.). L. J. S. 

iESCULETIN, /ESCULIN v. Gluoosides and 
Horse Chestnut. 

AETHUSA CYNAPIUM (Linn.). ‘Fool’s 
parsley ’ or the 4 lesser hemlock,’ a poisonous 
umbelliferous herb. When dried and extracted 
with alcohol, yields on distillation a small 
quantity of an essential oil, and the residue 
contains a resin, a crystalline hydrocarbon 
pentatriacontane C 85 H 7a (m.p. 74°) and a crystal¬ 
line alcohol (m.p. 140°-141° : [a] 1) =-36 , 7 0 ) 
either isomeric with phvtosterol C 26 H 4 .0, 
or a lower homologue ; a-mannitol , together 
with a small quantity of a volatile alkaloid 
resembling conine, to which the alleged poisonous 
character of the herb may be due (Power and 
Tutin, J. Soc. Chem. Ind. 1905, 938). 

AFFINITY, CHEMICAL v. Chemical 

AEITNITY. 

AFRICAN ELEMI v. Oleo -RESINS. 

AFRICAN GREEN or EMERALD GREEN r. 

Pigments. 

AFRICAN INCENSE v. Oleo-resins. 

AFRICAN MARIGOLD. Tagetes fatula. 
Quercetagetin was isolated from the flowers of 
the African marigold^Taj/ef&s patula, by Latour 
and Magnier de la Source (Bull. Soc. chun. 187?, 
[ii.] 28, 337), who state that it also occurs in 
other varieties of the same plant. In*ppearance 
and general properties it is described as resem¬ 
bling quercetin, the colouring matter of quer¬ 
citron bark, and from this fact, together with 
its origin, the name quercetagetin is evidently 
derived. On the other hand, aocording to 
these authors, its crystalline form, solubility 
in 60 p.o. alcohol, and the numbers obtained on 
analysis, indicated that it was distinct from 
^ueroetin C l7 H a0 O la , and it considered to 
possets the formula C a7 H aa O la (anhydrous) or 
C a jH^ a 0i # ,4H|0 (air-dried). A preliminary re* 
examination of this colouring matter was made 


by Perkin in 1902 (Chem. Soo. Proc. 18, 75), 
and it has more recently been studied in greater 
detail by the same author (Chem. Soo. Trans. 
1913, 103, 209). To isolate the colouring 
matter, which is largely present in the flowers 
as glucoside, a concentrated alooholio extract is 
diluted with water which precipitates a viscous 
impurity, and this is removed by means of 
ether. The clear liquid treated when boiling 
with addition of a little hydrochloric acid 
deposits after cooling bijt a small bulk of the 
colouring matter, and repeated extraction of 
the solution with etheV is necessary for its 
economical •isolation. The (#ude product thus 
obtained can bo crystallised from dilute alcohol, 
but for complete purification it is necessary to 
prepare the acetyl derivative, and after re- 
crystallisation to hydrolyse this in the usual 
manner. 

Quercetagetin C u H !0 O 8 , or as crystallised 
from dilute alcohol C, 5 H jo 0 8 ,2H 2 0, forms pale 
yellow glistening needles or leaflets resembling 
quercetin in appearance and melts at about 
318°. Very dilute alkali dissolves it with a 
pure yellow colour, which by air oxidation 
becomes olivo, and finally deep brown, but 
these changes are not so marked when a stronger 
alkali (10 p.c.) is employed. Alooholio ferric « 
chloride produces an olive-green colouration, 
whereas cold alcoholic lead acetate forms an 
orange-red precipitate which on keeping becomes 
yellower and finally develops a green tint. On 
fusion with alkali protocatecnuic acid is obtained, 
together with a phenolic product whioh, how¬ 
ever, quickly oxidises, and has not yet been 
identified. 

Quercetagetin readily yields oxonium uubj&ift 
with mineral acids, •and of these the sulphate 
C 15 H 10 O 8 ,H 2 SO 4 , fine orange-coloured needles, 
has been described. 

Monopotassium quercetagetin C 16 H 9 0 8 K sepa¬ 
rates as an orange-yellow semi-crystalline 
precipitate when potassium acetate is added to 
a solution of quercetagetin in absolute alcohol. 

By acetylation aceiylquercdagetin 
^HH 4 0 8 (C 2 H 3 0) fl 

colourless needles, melting at 209 o -211°, is pro¬ 
duced and on alkylation employing alkyl iodide 
quercetagetin pentaniethyl ether 0, B H 6 0,(0CH,) 6 , 
pale yellow needles, m.p. 161°-102°, and querce¬ 
tagetin hexamethyl ether u, 6 H 4 0 2 (0CH 8 ) 6 , colour¬ 
less needles, m.p. 157°-158°, can be prepared. 
Acetylquercetagetm pcntamelhyl ether • 

C 16 H 4 0 8 (0CH 8 ) 6 C a H a 0, 
melts 161°-163°. 

Quercetagetin hexaethy ether C u H 4 O a (OEt) 8 
m.o. 139°-14i°, yields oxonium salts with 
mineral acids in the presence of acetio acid, 
the sulphate separating in orange needles, 
whereas the crystals of the hydrochloride . 
possesses a somewhat more yellow colour. This 
Dehaviour is analogous to that of quercetin 
pentamethyl ether (Watson, Chem. Soc. Proc. 
1911, 27, 163). 

When hydrolysed with alooholio potassium 
hydroxide quercetagetin hexaethyl ether gives 
protocatychuic acid .diethyl ether and querce- 
tagetol tetraethyl ether Ci whioh crystal¬ 

lises in ^prismatic needles, m.». 46°-48“f The 
latter yields the oxime C 1 .S..O.N, m.p. 
93 °- 9 S°, and when oxidised "with alkaline 
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permanganate quercetagetinic acid, ra?p. 100°- 
102°, is produood. 

The production of quercetagetol diethyl ether 
to which the constitution (1) is assigned, and 
protocatechuic acid diethyl ether (2) 


(1) C,H(OKt) a v[|o_o Hj . OEt 

(2) CO a H'C fi H a (OEt) a 
from quereetagetin hexoethyl ether, indicate 
that quereetagetin. is a pentahydroxyflavonol 
isomerio with myricetln and gossypetm. Simi¬ 
larly to this latter colburing matter it appears 
to contain a tetra hydroxy benzene nucleus, and 
it is suggested that its constitution may be 
represented by one of the two following formula*. 

OH • 

ho/v°mKI> h 


HO'- 


/\ C0 /C-°H 

HO 


OH 


OH 1 


’ \C- 


>OH 


/\co/ c ' OH 


OH 


Quereetagetin readily dyes mordanted fabrics 
shades of a generally similar character to thoso 
given by other well-known flavonol colouring 
matters. 

Chromium. Aluminium. Tin. 

Dull olive-yellow. Yellow-orange. Brown. 

Iron. 

Brownish-black. 

A trace oLa more sparingly soluble colouring 
matter is present in the flowers and represents 
about l p.c. of the crude quereetagetin referred 
to above. It crystallises from alcohol in some¬ 
what indefinite groups of minute needles and 
dissolves in alkaline solutions with an orange 
colour passing to green on dilution with water. 
Though similar in appearance to rhamnetm 
(quercetin monomethyl ether) it does not contain 
a methoxy group. 

Dyeing Properties of the Flowers .—Employmg 
mordanted woollen cloth, the following shades 
are produced :— 

Chromium. Aluminium. Tin. 

Jellowish- Pale dull Deep yellow- 

brown. yellow. orange. 

Iron. 

Brownish-black. 

These possess a somewhat redder character than 
those given by quercitron bark, and are sinfilar 
to, though not so red as those from patent 
bark. As quereetagetin mainly occurs in the 
flowers as glucoside, their tinctorial effect is 
evidently due to this latter. A. G. P. 

APR IDOL. Trade name for the sodium salt 
of hVdroxymereury-o-toluio acid. 

AGAUTE. A name used in the paper-making 
trade for a fibrous variety vf the mineral talc, 
a hydrated magnesium silicate, H : M{ s 8i i O, ! . 
It is white with a tinge of green, and is readily 
reduoSd to short, fine fibres. It is obtained 
almost exclusively from the district near 
tioBveroeur, fa St. Lawrence Co., New York, 


about 70,000 tons, valued at {10 per ton, 
being produced annually, practically all of it 
being used in the American paper trade. It 
gives weight and body, and produces a fine gloss 
on the surface of the paper. L. J. S. 

AGALMATOLITE, or Pagodite. A soft stone 
muoh used in the East, especially in China, for 
carving small statueB and figures, as signified 
by these names. At least threo mineral species 
appear to be included under these terms, viz. 
pyrophyllitc, steatite, and pinite; but it is to 
the compact forms of the first of these that they 
are perhaps more generally applied. In addition 
to their compact nature and low r degree of 
hardness, they have in common a greasy or 
soapy feel: in colour they are white, greyish, 
greenish, yellowish, &c., often with mottling. 
Pyrophyllitc is a hydrated aluminium silicate, 
H ? Al 2 Si.O,,; steatite, a hydrated magnesium 
silicate, H a Mg 3 Si 4 0 18 ; and pinite is an alteration- 
product consisting largely of a finely scaly 
muscovite-mica, a hydrated potassium alu¬ 
minium silicate, H 2 KAl 2 Si 3 0| 2 . Besides being 
employed as material for carving, these minerals 
are used for slato-poncils (‘pencil-stone’) and 
for tailor’s chalk (‘ French chalk ’). 

Extensive beds of compact pyrophyllite are 
quarried in the Deep River region in North 
Carolina, the ^material joeing mainly used for 
making slate-pencils. At Fukuye, in Goto 
Island, in the south of Japan, a compact mineral 
allied to pyrophyllite is mined under the name of 
4 roseki ’ (meaning ‘ greasy stone ’ in Japanese) ; 
it is crushed, washed, and prepared very much 
like china-clay, and the product used for making 
fire-bricks, and to a smaller extent in the manu¬ 
facture of porcelain and paper. This material 
contains SiO a 53-58, Al a 0 8 32-36, H a O 7-9 j).c. 

AGAR-AGAR. Bengal Isinglass. Dried sea¬ 
weed obtained from Singapore and other places. 
It is obtained from various red alg.T, including 
Gclidium corneum, O. carlilagmeum, Eucheuma 
spinosum , and Gracilaria lichenoides , which grow 
along the coasts of Eastern Asia and Malaya. 
The cell-walls of these seaweeds, when placea in 
boiling water, change into jelly. 

It occurs in small transparent strips or as 
a powder, and dissolves almost entirely m water 
to a gelatinous, tasteless, and inodorous jelly. 
It is widely used as a nutritive medium for 
the cultivation of bacteria and fungi. Analysis 
of fifteen samples of agar from widely different 
sources gave the following results: moisture, 
14*57*-17*84 (average 16*57); protein (JVx6*26), 
1*53-3*26 (2*34); nitrogen-free extract, 72*72- 
78*21 (76*15); ether extinct, 0*17-0*45 (0*30); 
crude fibre, 0*39-1*50 (0-80); ash, 3*08-5*68 
(3*85); and silica, 0*31-1*11 (average 0*68) p ; c. 
A specially: purified commercial agar for bacterio¬ 
logical purposes contained ; moisture, 5*72 ; 
protein, 1*14; nitrogen-free extract, 89*25; 
ether extract, 0*32; crude fibre, 0*45; ash, 
3*12 ,* silica, 0*29 p.c. High ash or silica ooa- 
tent is indicative of an inferior produot. An 
aqueous solution of agar is acid to phenol* 
phthalein. A purified agar for use in bacterio* 
logical work where a gelatinising agent con¬ 
taining a miniqium of nutrients is desired, may 
be prepared by washing agar shreds in a dilute 
solution of acetic acid, washing out the acid, 
dissolving the agar to a 5 p.c. solution) and 



* 

AGATE. 8 1 


pouring the hot solution slowly into a largo 
volume of 95 p.c. aloohol or acetone. The pre¬ 
cipitated agar contains considerably less nitrogen 
than the original material. Part at least of 
the nitrogen compounds present in agar is 
available as nutriment for micro-organisms. 
The setting power of aqueous solutions of agar 
is not destroyed by acid or alkali between the 
limiting concentrations of 4 5 p.c. 4101 and 
5 p.c. NaOH ; but if the solution be heated for 
fifteen minutes under a pressure of l atmosphere, 
the range of concentrations within which solidi¬ 
fication occurs is reduced to from 2 p.c. fid to 
4 - 5 p.o. JJaOH. The gelatinising power is 
increased 'by addition of peptone and slightly 
■diminished by potassium chloride (Fellers, j. 
Ind. Eng. Chem. 1910, 8, 1128; J. Soc. Cheni. 
Ind. 1917, 30, 43). See also Auj/K and Gums. 

AGAROBILLA. The soed-pods of Coesalpina 
•brevifrlia (Baill ), used in dyeing and tanning. 

AGATE. A native form of silica consisting 
mainly of chalcedony (g.v.) and showing a more 
•or less concentric arrangement of differently 
■coloured layers or bands. The layers differ not 
•onlv in colour, but also in transhicencv, porosity, 
and_ crystalline structure. Some layers show 
the minutely fibrous structure of typical chalce¬ 
dony, others are more dense and eryptocrystal- 
line, while some may consist of crystalline 
quartz, or again of opaline silicat Some of the 
layers containing larger amounts of impurities 
and colouring matter may bo more of the 
character of jasper, as in tho agate-jaspers or 
j asp-agates. The material has been deposited 
layer upon layer from solution in a colloidal 
form, and subsequently solidified m a partly 
crystallised condition. The deposition has 
taken place as a lining in rock cavities, proceeding 
inwards from the margins of the cavity. In 
the majority of cases the containing rock is a 
volcanic rock of basic composition ( i.e . containing 
no free primary quartz); the commonest home 
of the agate being the steam cavities of basaltio 
rocks. The movement of the molten lava has 
caused ihe steam cavities, originally spherical, 
to be drawn out into almond shapes in the 
direction of the flow. These almond-shaped, or 
amygdaloidal, cavities may subsequently become 
filled with secondary mineral matter of various 
kinds, derived from the primary minerals of the 
rock by the action of the hot vapours and 
solutions whioh are always present in igneous 
magmas. Such secondary minerals—calcite and 
various zeolites—which are commonly associated 
with agates, have probably been formed«while 
the rock was still hot. The exact conditions of 
deposition and mode of formation of agates 
have, however, give^riso to much discussion. 
With the weathering of such an amygdaloidhl 
rook the agate-amygdales, being more resistant, 
are set free, and may be easily sepsfrated from 
the clayey matrix, or they are washed away and 
broken up in streams and rivers. 

The artificial deposition of gelatinous silica 
in forms closely resembling those of certain 
agates has been effected by J. 1’Anson and E. A. 
Pankhurst (Mineralogical Magazine, 1882, v. 
p. 34). A strong acid is introduced by means of 
a pipette into a solution of an alkaline silicate 
containing a certain proportion of alkaline 
carbonate; the bubbles of oarbon dioxide set 
iree become coated as they ascend with gela¬ 


tinous si]ica. Agate-liko structures have also 
been produced by Liesegang by £he diffusion 
of one saline solution into another in a gelatinous 
medium (R. E. Lie-egang, Geologiscne Diffu* 
eionen, Dresden and Leipzig, 1913 ; Die Achate, 
Dresden and Leipzig, 1916). 

Many trivial varieties of agate are distin- 
uished, depending on tho patterns presented 
y the several layers of the stone. For example, 
fortification-agate, eye agate, ring-agate, riband- 
agate, breceiated-agate, &c. Onyx is an 
important variety, difforlhg simply in that the 
layers are plane, thus enabling cameos to be 
engraved m relief m one layer ivith a background 
in another differently coloured layer. A typical 
onyx with alternately white and black layers is 
however, of rare occurrence in nature, and has 
usually been produced by artificial colouring, as 
explained below. In carnelian-onyx the layers 
are red and white, and in sardonyx brown and 
while. Moss-agates, mocha-stones, dendrites, 
ko., are chalcedonies with enclosures of various 
kinds. 

Tho artificial colouring of banded chalcedony, 
or tho intensification of the coloration of agates, 
for the production of ornamental objects was 
probably known to tho ancient Romans, and 
was practised by the Italian cameo-workers of % 
tho Middle Ages. Tho ait was for a time lost, 
and again came into use at ldar in Germany 
about the year 1820, where it has been much 
developed and extensively used. Indeed, practi¬ 
cally all the fashioned and polished Btones now 
placed on the market have been artificially 
treated. 

A black colour is obtained by soaking the 
well-dried stones for some weoks in a worm 
dilute solution of sugpr or honey, or in olive*, * 
and, after washing, immersing tjjem in warm 
sulphuric acid. The organio matter absorbed 
by the more porous layers of the stone is thus 
carbonised. In case tho black colouration is too 
intense it may be softened by tho action of 
nitre acid. A rich brown colour has recently 
been produced in sorrte translucent stones, 
giving them somewhat the appearance of garnet, 
by soaking them in brown sugar-candy and then 
ignitin ’. A red colour is produced by saturating 
the stone with a solution of an iron salt and 
igniting. A yellow tint inclining to lemon-yellow, 
is imparted by digesting the stones in warm 
hydrochloric acid. Blue , ranging from the 
deepest indigo to delicate sky-blue, is produced 
by soaking the stones first in a solution of ferrous 
sulphate and afterwards in a solution of potaa- 
sium ferrocyanide. Such a colour, ana also 
lemon-vellow, is, however, unknown amongst 
naturally coloured agates. The blue coloured 
stomes have often been passed off as lapis-lazuli, 
but they are readily distinguished from this by 
their greater degree of translucenoy and hard¬ 
ness, and the absence of specks of iron-pyrites. 
Green colours, resembling that of the natural 
chrysoprase, have been produced by the use of 
salts of chromium and nickel. Finally, various 
fancy and quite unnatural colours have been 
produced by simply dyeing the stones with 
aniline dyes; these colours fade on exposure 
to light* and finally* disappear. On the history 
of colouring agates, see Noggerath, Die jtunst, 
Onyxe .<. . zu f&rben, Karateh’s Arcliiv, 1848, 
xxii. 262; and on the methods mow in use at 
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Idar, 0. Dreher, Das Far ben des Achats, 
Idar, 1913. k 

The agate-cutting industry has long been 
centred at Idar ana Oberstoin on the Nahe, 
a tributary of the Rhine, and originally the 
stones were obtained locally from the amygda- 
loidal raelaphyre of th^ Galgenberg. But since 
1827 enormous quantities have been imported 
from Uruguay and the neighbouring Brazilian 
state of Rio Grando do Sul. In India, agates 
and other varieties of chalcedony are abundant 
in the trap rocks of* the Deccan plateau, and 
have long been worked by the native lapidaries. 
The well-known ' Scotch pebbles ’ are prettily 
coloured agates f/om Forfarshire, Perthshire, &c. 
Many localities in America and Australia might 
also be cited. 

Besides being used for a ^rcat variety of 
small ornamental objects, agate finds technical 
applications in the construction of pestles and 
mortars, burnishers for gold-workers and book¬ 
binders, smooth stones for paper and card 
manufacturers, rollers for ribbon makers, and 
pivot supports for balances, magnetic needles, &c. 
It may be remarked, however, that an ‘ agate 
mortar ’ need not necessarily show the’coloured 
banding of a true agate, but may just as well 
be cut from an unhanded chalcedony. 

On the agate industry, see G. Lange, Die 
Halbedelstoine . . . und die Goschichte der 
Achatindustrie (Kreuznach, 1808); Upinann, 
Beit. z. Gesch. d. Graftsch. Oberstein (Mainz, 
1872). On Scotch agates, see Guido to the 
Collection of Soottish Agates, Royal Scottish 
Museum (Edinburgh, 1899); M. F. Heddle, 
The Mineralogy of Scotland (Edinburgh, 1901). 
On agate in general, sec M. Bauer, Edelstein- 
•“S&ande, 2nd edit. (Leipzig, 1909), and Engl, 
transl., Precious Stones* by L. J. Spencer 
.(London, 1904); R. Brauns, transl. by L. J. 
Spencer, The Mineral Kingdom (Esslingen, 1912). 

L. J. S. 

AGAVE, An amaryllidaceous genus including 
several Bpecies, the leaves of which provide 
useful fibres. ‘ Pite,’ or ‘ pita liomp,’ mainly 
produoed in Mexico, is obtained from A. amen- 
cana (Linn.) and A. mexicana (Lam.). It is 
also obtained from several other American 

r cies of Agave. ‘ Sisal hemp * is derived from 
rigida (Mill.), which grows in Mexioo, Central 
America, and the West indies. 

AGAVOSE. An inactive sugar C la H 2a O n , 
reducing alkaline copper tartrate, and yielding 
| leevogyrate sugar on inversion; found in 
Agave americana (Linn.), grown in Mexico. The 
young flower heads are used in the preparation 
of a fermented intoxicating drink termed 
‘ pulque ’ (Michaud and Tristan, J. Araer. Chem. 
Soc. 14, 648). According to Stone and I^ptz, 
J. Amer. Chem. Soc. 17, 368, this sugar is 
saccharose. 

AGMATINE t>. Ergot. 

AGNIN or AGNOLIN. Syn. for Adeps lance, 
or purified wool fat. 

AGOBILIN. Trade name for a mixture of 
strontium oholate and salicylate with diacetyl* 
phenolphthalein. 

AGONIADA BARK. The bark of Pltimiera 
lancifolia (Muell.), used in. Brazil as a remedy 
for intermittent fever, contains a bitte$ crystal¬ 
line gfcucoside, a/goniadin (Peckolt, Arch. Pharm. 
(2j 142, 40, 1870), identical with the plumicridc 


of Boorsma and Merck, obtained from Plumiera 
acutifolia (Poir.); it is probably the methyl ester 
of 'fiumieridle acid, and ha* the composition 
C ai H 28 O ia (c/. Franchimont, Reo. trav. chim. 
1898, 18, 334; Proo. K. Akad. Wetensch. 
Amsterdam, 1900, 3, 36). 

AGROPYRUM (B.P.) or TRITICUM. The 
dried rhizome of Agropyron repens (Beauv.). 

AGROSTEMMA SAPOTOXIN v . Glucoside s. 

AGURIN. Trade name for on addition 
product of sodium theobromine and sodium 
acetate. 

AGUTTAN. Oxyquinoline salicylic aoid. 

AICH METAL. An alloy patented by J. 
Aich in 1860 for use as sheathing for ships. 
Contains 'copper, 60 parts; zinc, 38*6 parts; 
iron, 1*6 parts. 

AILANTHUS BARK. The inner bark of A. 

ercelsa (Roxb.) and A. glandulosa (Deaf.); it 
has the odour and taste of cinnamon; used as 
a tome in dyspepsia (Dymock, Pharm. J. [3] 7, 
309). An Indian name of the former is 
Makar ukh. 

AIROFORM. Identical with airol ( q.v .). 

AIROGEN. Identical with airol {q.v.). 

AIROL. A basic bismuth-oxyiodide gallate, 
analogous to ‘ dermatol,’ a basic bismuth- 
gallate. Is a greyish-green powder without 
smell or task', soluble in caustic soda or dilute 
mineral acid* Becomes red on exposure to 
damp air. Has been used clinically as a sub¬ 
stitute for iodoform (v. Bismuth and Iodoform). 

AJOWAN OIL v. Oils, Essential. 

AKAZGINE v. Nux Vomica. 

AK MUDAR, AKANDA, AKRA RUI, or 
ERUKKU ERUKKAM. The bark of Calotropu 
ijtganlea (Ait.) and O. procera (Ait.). An im 
portant Indian drug (Dymock, Pharm. J. [3] 
10 , 122 ). 

AKOLA v . Ankool. 

AKRA RUI v. Ak Mudar. 

ALABANDITE. Manganese sulphide (MnS) 
( v . Manganese). 

ALABASTER. [Albdtre, Fr.; Alabaster , Ger.) 
A massive, crystalline, and marble-like variety 
of the mineral gypsum (CaS0 4 ,2H a 0). It is 
found in Glamorganshire ; at Syston in Leices¬ 
tershire ; at Tutbury, near Burton-on-Trent in 
Staffordshire, and other places in Britain. A 
snow-white alabaster much used for small 
ornamental objects, such as vases, lames, stands 
of timepieces, &o., is found at Volterra, in 
Tuscany. The harder varieties are worked with 
the same tools as marble, smoothed with pumice 
ston^, polished with a mixture of chalk, soap, 
and milk, and finished by friction with a 
flannel. 

The softer kinds may^e turned or fashioned 
with rasping tools, fine chiBels, or small files, 
smoothed with dried shave grass, then rubbed 
with a patto of putty powder or finely divided 
slaked lime, and polished by washing with soap, 
water, and lime, and finally with powdered 
elutriated French chalk or talc. 

Alabaster may be stained by heating it to 
about 90° or 100°, and then dipping it into 
the colouring solution, which may be either 
inetallio solutions, spirituous tinctures of natural 
dyes, or coloured oils (Habild, Wagner's Jahr. 
28, 669). 

A variety of alabaster known as onyx of 
Teeali, from Mexioo, takes a fine polish; its 
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colour varies from milk-white to pale-yellow and 
pale-green (J. 29, 1264). 

ALACREATINE v. Creatine. 

ALATTE. Hydrated vanadio oxide V a 0 6 -H ? 0 
found as blood-red, mossy growths with silky 
lustre at Tyuva-Muyun in the neighbourhood 
of the Alai Mountains in Fergana, Russian 
Central Asia. The uranium and vanadium 
deposits mined at this locality oonsist of vana¬ 
dates of uranium, calcium, and copper, occurring 
as impregnations in a coarse-grained Devonian 
limestone (K. A. NenadkeviS, 1909). 

L. J. S. 

ALAMf^ITE. A lead silicate PbSi0 8 , found 
near Alamos, Sonora, Mexico; analogous to 
wollastonite CaSiO s in form, habit, and com¬ 
position It occurs in radiated aggregates of 
minute colourless transparent fibres, which give 
a snow-white appearance to the mass (Palacho 
and Merwin, Amor. «J. Sei. 1909, 27, 399; J. 
Soc. Chem. Ind. 1909, 606). 

ALANGIUM LAMARCKII v . Ankooi, 

ALANINE, a Alanine a-aminopro pionic acid 
NH 8 *CHMo'C0 2 H, contains an asymmetric car¬ 
bon atom, and the dextro, lievo-, and racemic 
isomerides are known. d-Alanino is one of the 
decomposition products of a large number of pro- 
teids ; together with a glucoproteid C 7 H J4 0 4 N 2 , 
it forms 51 p.c. of the product obtained bv 
the hydrolysis of legumin of p*is (Bleunard, 
Ann. Chim. Phys. [5J 26, 47), and is formed to 
the extent of 21 p.c. from silk fibroin (Weyl, 
Ber. 21, 1529; Fischer and Skita, Zeitsch. 
physiol. Chem. 33, 177; Johnson, J. Amer. 
Chem. Soc. 1916, 38, 1392-1398). It is found 
m yeast proteid (Neuborg, Woch. Brauerei. 
1915, 32, 317-320), and in ‘ Zurdon’s ’ meat 
extract (Zeitsch. physiol. Chem. 1913, 83, 
458-467). (For the 'methods of separating 
alanine from the other hydrolytic products of 
the proteid, v. art. Proteins.) r- Alanine is 
prepared synthetically by the action of hydro¬ 
chloric acid on the aminonitrile NH a 'CHMe'CN, 
produced by the interaction of aldehyde ammonia 
and hydrogen cyanide (Strecker, Annalen, 75, 
29); or, together with a-aminopropionitrile 
hydroohloride, when ammonium chloride, potas¬ 
sium cyanide, and acetaldehyde interact in 
cquimolooular quantities in aquoous solution 
(Zelinsky and Stadnikoff, Bor. 41, 2061); by 
reducing a-nitrosopropionic acid with tin and 
hydroohlorio acid (Gutknecht, Ber. 13, 1116); 
or hydrolysis of a-triazopropionio acid (Curtius, 
J. pr. Chem. [2] 38, 396). 

Alanine, crystallises in needles or #harp 
rhombio prisms, dissolves in 4*6 parts of water 
at 17°, or in 500 parts of 80 p.c. cold alcohol. 
For solubility and ojffccal activity of r-alanine, 
see Pellini and Coppola (Atti R. Accad. Lined, 
1914 [v.] 23, 1, 144-150, from Chem. Zentr. 
1914, 1, 124). Its heat of combusfton is 389 
Cal. and heat of formation 135*2 Cal. (Ber- 
fchelot and Andr6, Compt. rend. 110, 884). For 
quantitative estimation of the light absorbed 
by complex salts of alanine, see Ley and Hegge 
(Ber. 1915, 48, 70), and for the influence of 
neutral salts on the rotatory power of alanine, 
see Pfeiffer (Ber. 1915,48,1938). The resolution 
of racemic alanine has been effected through 
the benzoyl derivative, which i» separated into 
d-benzovlcuanine (m.p. 147M48 0 [*x]p+37 , 13 c> 
in alkaline solution), and l-benzoylalanine (m.p. 


150°-151° f (corr.), [a]p—37*3° In alkaline solu¬ 
tion), by crystallisation of the bruoine salt, and 
these yield on hydrolysis the corresponding 
optically aotive alanines; r-alanine decom¬ 
poses at 264°-268° (Zelinsky and Stadnikoff, 
t.c.), at 293° (Fischer, Ber. 32, 2461); d-cUanine 
has [a]D+9'55° in hycb^ohloric aoid solution; 

(I-alanine is unchanged when heated with strong 
hydroohlorio acid (Abderhalden, Zeitsch. physiol. 
Chem. 1912, 82, 167-172). Its aqueous solution 
is decomposed in presenoe of sunlight (Ganasaini, 
Giorn. Farm. Chim. 61, 430-444); l-alanine de¬ 
composes at 297° and hog [o]d—9'68° in hydro¬ 
chloric acid solution, r-Alanine is attacked by 
fermenting £east (Ehrlich, Biochem. Zeit. 63, 
379). A cultivation of Aspergillus niger in an 
aqueous solution of r-alanine destroys about 
10 p.c. of the dextrorotatory constituent, but 
PmciUium qlaucum does not flourish in a 2 p.o. 
alanine solution. Resolution lias been effected 
also by means of d-bromocamphoraulphonio 
acid (Colombano and Sanna, Att. R. Acoad. 
Lincci, 1913, [v.] 22, 11, 292-298; Gazz. ohim. 
ital. 1914, 44, 1, 97-104). 

In its physiological action, d-alanine causes 
a rapid rise mJbhe urinary nitrogen, most of the 
extra nitrogen being excreted on the same day; 
2-alanine is not decomposed quite so rapidly, but 
none of it is excreted unchanged (Abderhalden 
and Sehittenhelm, Zeitsch. physiol. Chem. 1907, 

61, 323 ; compare, however, Sovone and Meyer 
(Amor. J. Physiol.1909,25,214); whengiven with 
lactic acid it causes an increase in dextrose eli¬ 
mination almost equal in amount to the theo¬ 
retical yield (Dakin and Dudley, J. Biol. Chem. 
1914, 17, 451). After administering 20 grams 
of r-alanine, 4*7 grams of the 0-napnthalenesul- 
phonio derivative of 2-alanine was recovered fr<3SF * 
the urine (Sckittenheftn and Katzenstein, Chem. 
Zentr. 1906, i. 1279). When d-alanine is injected 
in the blood stream it is rapidly absorbed, as 
very little can be detected in the blood or urine 
after a lapse of twenty minutes (Abderhalden 
and others, Zeitsch, physiol. Chem. 1907, 53, 
113, 251, 326; 52, 50?; 53, 148; 1913, 86, 
478 ; and J. Biol. Chem. 1915, 20, 539-554). 

The importance of alanine as a final hydro¬ 
lytic product of many proteid substances, has 
led to an extensive examination of its derivatives 
in order to facilitate its deteotion (Abderhalden 
and Schmidt, Zeitsoh. physiol. Chem. 1913, 85, 
143-147; Dakin and Dudley, J. Biol. Chem. 
1913, 15, 127; Chelle, Ann. Chim. anal. 1914, 

19, 67) and estimation, and to determine the 
part it plays in the building up of the protein 
molecule. A short aocount of the more im¬ 
portant of these derivatives is appended. 

The copper salt (C 8 HflO a N)oCu,H a O forms 
bli^h-violefc crystals readily soluble in water. 
The nickel salt (C a H 6 O a N) 3 Ni,4H a O forms blue 
crystals, these become anhydrous at 108°-110° 
and dissolve in 132 parts of water (Orloff, Chem. 
Zentr. 1897, ii. 192 ; Bruni and Formara, Atti 
R. Acoad. Lincei, 1904 [v.] 13, ii. 26). Complex 
salts are formed with heavy metals, e.g. 
Cr(C 3 H 6 0pN) s Cr(C 8 H c 0 g N)|0H'H|0 (Tschugaeff 
and Serbm, Compt. rend. 1910, 151, 1381; 
Ley and Winkler, Bfer. 1912, 45, 372 ; Ley Mid 
Fioken, «Ber. 1912, 46, 377; and ibid. 1917, 60, . 
1123), and with chloride of tin, e.g. SuCL* 
NH a -CH^e-COOH L (Fichter, Fkrber-Zeit* 1915, 

28, 274; Chem. Zeit. 38, 008)j Compounds 
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•*» formed with neutral metallic salts: Lid- | ,,, , 0 ,, .. ,on» 

(NH^HMo COOHVHjO ; OaCl«(NH,-CHMe- j m P' 214 (decomposes) [a|™ + 1S-4®; dlalanine 

* r * * * ’ " " " riirrr.Isvnstla m n Olflo __\ 7 » 


U^nj VjnwtJ UUUdl HjU; (JaCI 8 (NH a -CHMe- 
COOH)3H.O (Pfeiffer and Modelski, Zeitsch. 
physiol. Chem. 1912, 83, 1-34; Pfeiffer, Ber. 
1918, 48, 1938-1943). The ethyl ester has b.p. 
48°/ll mm. and sp.gr. 0'9840 at 12’0°; r- 
alanimmii », m.p. 62°^Franchimont and Fried- 
man, Proe. R. Akad. Wetensch. Amsterdam, 
1905, 8, 475); d-alaninamide has m.p. 72° 
(oorr.) and [a]o +0° in 6-2 p.c. aqueous solu¬ 
tion ; r-alanylchloride hydrochloride NH ;i (.T 
CHMe COCl melts and decomposes at 110°; 
d-alanylchloride hydrochloride has [a] 2l, °+7'32« 
(Fischer, Bor. 1905, 38, 005,' 2914); r- 
alanineanhydride (dimdhyldiketopipcrazine 

NH< ( ,Q, ( |p(r f !-'11 has m.p. 282”, and d- 
alanincanhydride has m.p. 297° (corr.) and 
M 20 -28-8° (Fischer, Ber. 1905, 39, 453). 
d-ld-M ethylalan ine CIfj(lR(NIICH 3 )CO()if, 
m.p. 165°-105° has [o] 2n °+5'59°; l-S-methyl 

alanine [a| D — 6‘92°; N -benzylalanine, m.p. 
about 270° (Fischer and Lipschitz, Bor. 1915, 
48, 364; ibid. 1916, 49, 1357). Acelylalunine 
NHAc CHMe'GOjH crystallises in rhombic 
plates a : b : c=0'7792 ; 1 : 1 -0983 ; m.p. 137“ 
(do Jong, Ree. trav. chim. 19, 259 ; Fischer and 
Otto, Ber. 36, 2106); chloraa lylalauine ester 
CH l (.T(X)'.\i['(JHMe (:0,Ilt has m.p. 48-5°-49-5° 
(oorr.) (Fisoher and Otto, l.c.) ; the benzene- 
sulphonic derivative SOj l’h NH OHMe COJI has 
m.p. 126° (Hodin, Ber. 1890, 23, 3197); benzyl- 
sulphomlanine C 8 H 5 CH J S0 2 NHCII(CH 3 )C00H 
to m.p. 104°-1G5° (Johnson, J. Amer. Ohem 
Soc. 1916,38,2135); the R-napht/uilcnesulphoiuc 
derivative C 1% H J4 0 3 NS melts and decomposes 
at 220° (Koenigs and Mylo, Ber. 1908,41, 4427); 
the d-camphwstdphovaie of alanine. C.If.O.N. 
Ci„H ls O-SO s H,H s O has in.p. 105°-110° 
[ # ]]f +14-33° (Colombano and Sauna, Alti R. 
Accad. Linoci, 1913, [v.] 22, ii. 234-237); ethyl 
d-alanine-d -bromocamphorsulphonule CO,lit- 
CHMe-NB a ,C, „H, 4 OBrSO 3 H,1 H a O becomes an¬ 
hydrous at 105°, and melts at 192°, faf °”+ 67 -54° 

!?“■ ohim. ital. 44, 1, 97-104); for htppiaul 
alanine NHBzCH.C'ONHCHMrCOjH, m.p. 
202°, and derivatives, see Curtins and Lambottc 
J. pr. Chem. 1904, [2) 70, 109; phthalylalanme. 
CA : (CO), : N-CHMe-CO.H, m.p. 164°. and 
phthcbyalamne COjHC.H.-CONH-CHMe- 
C0 2 ii,U a O, m.p. 129° (Andreasch, Monatsh. 
1904, 25, 774); palmityl-a-alamne CH,(CH,) U - 
CO-NH-CttMe-OO.H, m.p. 110°, ^5-98° 

(Aberhaideu and Funk, Zeitsch. physiol. Cl* m. 
imrbsuw °IL> dtithyldialaninquinone O t H,0, 
(NH’CHMe , CO a lLfc) a forms led prisms, m.p. 140° 
(eorr.) (Fisoher and Schrader, Ber. 1910,43.625); 
2 ; i-dinitrophenyl-dl-alanine, m.p. 178° (Abder- 
halden and Blumberg, Zeitsch. physiol. Chem. 
1910, 65, 318); d-atanine picrolonate (Abder- 
halden and Weil, Zeitsoh. physiol. Chem. 1912, 
78, 15(1-165); 2-d-aianine-i-picvolonic acid has 
imp. about 145° (decompiled); l-d-a(/mine-l- 


pimlonate, m.p. 216° (decomposes); benzyl- 
hydrogen-dl-alaninedithiocarboxylate GO a H * 
CHMe'NHCSa’CHgFh, m.p. 136° (Siegfried and 
Weidenhaupt, Mtsch. physiol. Chem. 1910, 70, 
152). For dimethyl-a-alanineoxalylglyrine 
COaMeCHAIeNH-COCO-NHCH.COaMe 

m.p. 98 - 5°, and other derivatives, see Meyeringh 
(Roc. trav. chim. 1913, 32, 140-157). 

Among the polypeptides preparod by Fischer, 
Abderhalden, and others, there are many con¬ 
taining the ' alanyl ’ group one or more times, 
e.jf. r-ahtnylalanine NH a CHMeCO \NH‘CHMe* 
CO a H, m.p. 276° (corr.), the benzoyl derivative 
m.p. 203°-204°, the ethyl cater m.p. 114°-110°; 
diala nylalanine N fl[CHMe-CO-NIIl a ClIMr 

( OoH, m.p. 219° (corr.) (Fischer and Kautzsch, 
Her. 1905, 38, 2375); l-alanyl-d-aUminc, ra.p. 


209°-27O° (corr.), [«] 2 


-68-5° 


d-alanyl-l- 


pterabnie acid, m.p. 216 s , decompose^ St 217°, V* euvi yuupi uo— "WHO J9 IIUU UCB9 UICtlllMl, 

t«]f *+llD8° ^Levene and Slyke, ,J. Biol. f£ d « iveB f yw J d 01 “ P-°- the theoretical 
loio u. me .... , , . , (Hoogewerf and van Dorp, Ree. trav. chim. 

,<3>em. 1912, Ifi, 127-139); d-alamneptcnkmate, I 10, 4 ; Holm, Arch. Phanm 242 , 590), Itpaa 


alanine, m.p. 275°-276° (corr.), [“l„ 0 ”+68'94°; 
(Fi-c-.her and liasko, Bor. 1900, 39, 2*93, 3981), 
NH-CHMe-CO 

cydoalanylalanine | Imp 282°- 

CO-CHMe-NH 

282-5° (corr.) (Madlard, Ann. Chim. Phi s. 1915,f9) 
3,73); alanyltylucnsamtoc anhydride C S H, O.N. 
turns brown at 246°-250°, and melts at 269°- 
272° (Wei/.mann and Hopwood, l'roc. Roy. Soc. 
1913, A 88, 455-461); elhylalnnyl methylene- 
malonale CO,Et-<JHMe-NH'OH; C(COlEt)„ 
m p. 206°-207°; alanyl-p-hydroxyphenylethyl- 
amine C n H 1fi N a O a , m.p. 116° (Guggenheim, 
Iliochem. Zeitsch. 1913, 51, 369); d-alanyl-d-ami- 
nolmlyrylyliinne C'1I S CH(NH,)C0-NH CH(CO' 
NH-ClI a COOH)CH a CH s , m.p. 214° (corr.) 
r-lf,” +13-80 (Abderhalden, Zeitsch. physiol 
Ohem. 1912, 77, 371-478); d-alanylylycyUeucine 
(CH 3 ) 2 CH-Cli a -CH(NH-CO-CH a NH t )COOH 
m.p. 132°-133° 13-82° (Abderhalden and 

Fodor, ibid. 1912, 81, 21); and tho tetrapeptide 
glycyltymsyl-ylycyl-d-alanine decomposing at 225° 
(corr.) is probably a mixture of sterooisomerides 
of the tetrapeptide isolated from silk fibroin 
(Fischer, Ber. 1908, 41, 2860; c/. Abderhalden 
and Hirszowski, Ber. 1908, 41, 2840). For 
other polypeptides derived from alanine, see 
Fischer (Ber. 37, 2486; 4585 ; 38, 2376; 
2914 ; Annalen, 340, 128, 152 ; Ber. 39, 453 ; 
40, 943, 1754, 3717 ; Annalen, 363, 136), and 
Abddrhalden (Ber. 41, 2840, 2857 ; 42, 3394; 
Zeitsch. physiol. Chem. 63, 401 ; 65, 417; 
77,471; 81, 21; Biochem. jfeitsch. 1613, 51, 369). 
'• 5-Alanine, 0-aminopropionic acid H,N-CH,' 
CH s -CO a H, prepared by treating 6-iodopropionio 
acid withi ammonia (Mulder, Ber. 9 , 1902; 
Abderhalden and Fodor, Zeitsch. physiol. Chem. 
1913, 85, 114), or with silver nitrite and reducing 
the resulting nitro- compound with tin ana 
hydrochlorio acid (Lewkowitseh, J. pr. Chem. 
[21 20, 159); by heating ethyl aerylate with 
alcoholic ammonia in sealed tubes at 110° 
(Wender, Gazz. obim. ital. 19, 437); or by the 
action of potassium hypobromite on an alkaline 
solution of suemnimide—this is the best method, 
and gives a yield of 60 p.o. of the theoretical 
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be recognised bj conversion into ethyl acrvl&te distilling certain plants and fruits with water t 
(Abderhalden and IJpdor, Zeitsch. physiol. Chem. probably by hydrolysis of the esters,* or by the 
1913, 85, 117). action of moulds and bacteria on carbohydrates. 

Alanine forms prisms m.p. 196° (Hoogewerf Preparation. —Synthetically from its ele- 

and van Dorp, l.c.), does not mel^||^20 o (Kursdu, ments thus :—By passing an eleotrio arc between 
Monatsh. 12, 242), m.p. 206°~2(fl*(Lengfeld and carbon poles in an atmosphere of hydrogen, 
Stieghtz, Amer. Chem. J. 15, 504); needles, acetylene (C a H a ) is produJea, which, in the pre- 
m.p. 200° (Abderhalden and Fodor, l.c.) ; the sence of nascont hydrogen, becomes ethylene 
hydrochloride of the methyl ester has m.p. (C 2 II 4 ). Ethylene by protracted shaking with 
94°-95° and of the ethyl ester m.p. 65*5°. The sulphuric acid is converted into sulphovinic 
copper salt Cu(C 8 H 8 N0 a ) a ,6H 2 0 has the pro- acid, which, being distilled in presence of water, 
perties of an ordinary copper salt, and not those produces alcohol. 

of a cuprammonium derivative (Callegari, Alcohol is, for practical purposes, usually 
Cazz. chim.ital. 1900, 36, ii. 03). prepared by ^dehydrating the ^products of the 

0-Alanine does not occur naturally in the distillation of fermented liquids. Up to 1796 
body; when administered with food it causes the strongest spirit known contained not less 
an increase in the urinary mtrogen, but it is than 5 p.c. of w%ter. Lowitz appears to have 
apparently changed with more difficulty than been the first to prepare it in an approximately 
a-alanine, as the increased nitrogen excretion is anhydrous condition. His process consisted in 
not observed until the second day (Abderhalden first in6reasing the strength of rectified spirit by 
and Schittenhelm, Zeitsch. physiol. Chem. 1907, adding to it potassium carbonate, and after 
51, 323). M. A. W. decanting from this, distilling very slowly in 

ALANT CAMPHOR v. Camphor. presence of a further quantity of dry potassium 

ALANT ROOT. The root of Inula helenimn carbonate. Richter used, instead of potassium 
is said to contain antiseptic principles, efficacious c arbonate, hot calcium chloride (Crell’s Ann. 
against tuberculbsis bacilli. By distillmg the 2, 211). Drink water first digested with dry 
root with water, helenin, alantic acid, and alantol potassium carbonate for twenty-four hours ; 
(alant camphor) are obtained. Alantic acid decanted the strong spirit thus produced, 

Ci&HauOa crystallises f§om alcohol in white digested with as much fresh-burnt quicklime 

crystals, m.p. 91° ; and on heating it forms tho as was sufficient to absorb the whole of the 
anhydride C 16 H aa 0 2 . Both acid and anhydride alcohol, and afterwards distilled in a water- 
are insol. in water, sol. in alcohol or fatty ods; bath at a temperature of 82-2°. The pre¬ 
form sol. salts with alkalis. Alantol is an duct of this distillation, which was found to 

aromatio liquid, b.p. 200° (Marpmann, Pharrn. have a specific gravity of 0*7946 at 15*6°, was 
Zent. 8, 122; J. Soc. Chem. Ind. 1887, 520). returned to the retort, and a fresh quantity 
ALBARG1N. Gelatose-silver: a colloidal of dry pulverised quicklime added to it, after 
preparation of silver. which it was allowed to digest for a weejfrr 

ALBASPIDIN v. Filix mas. at a temperature of M)*0°. It was then again 

ALBERTITE. A jet-black mineral substance slowly distillod and the specific gravity of tho 
resembling asphalt, discovered in 1849, at Hills- product found to be 0*7944 at 15*6°. This was 
borough, Albert oo.. New Brunswick. Used in digested at a temperature of 54*4° with hot quick- 
tlic United States for the production of oil and lime, and distilled out of contact with the air at 
coke. The yield per ton is said to bo 100 gallons a temperature of 81 T° to 82*2°, and the specific 
of crude oil, and 14,500 cubic feet of illumin- gravity of the product, which was taken as abso- 
ating gas, whilst a residue of good coke remains lute alcohol, found to be 0*793811 at 15'6°/15 , 0°. 
in the retorts. Albertite has been found at Squibb followed the process of Drinkwater, 
Strathpefier, Ross-shire ; it contains 62 p.c. yola- distilling in a partial vacuum of 380 to 630 mm. 
tile matter, 37 p.c. fixed carbon, and 0*60 p.c. Tho alcohol thus prepared had a specific gravity 
water. Its ultimate composition is 79*75 p.c. of 0*79350. The difference between this specifio 
carbon, 8T2 p.c. hydrogen, 1*63 nitrogen, and gravity and that found by Drinkwater repre- 
10*30 oxygen (Morrison, Min. Mag. 6, 101; sents ono tenth p.c. of alcohol. Mendelceft’s 
Chom. Soc. Abstr. 50, 311). observations (Pogg. 138, 103, 230) practically 

ALBITE v. Felspar. confirm those of Drinkwater and Fownes. 

ALBUM GRA3CUM. A term formerly used Metallic calcium, free from calcium nitride,* 
for the excrement of dogs. It was at one time may be used to dehydrate alcohol. The caloium 
supposed to have medicinal properties, but is should be in shavings, washed with dry carbon 
now used only for turning, as skins treated tetrachloride to remove traces of petroleum, in 
with it, after the removal of tne hair and previous.' tho proportion of 20 grams of cleaned and sieved 
to tanning, preserve their softness. It consists shavtngs to every litre of aloohol. In order to 
mainly oi pnosphate of lime. Fowls* dung is remove ammonia from the distillate (due to 
said by tanners to answer the purpose better. possible traces of calcium nitride) a few oenti- 
ALBUMINOIDS and ALBUMINS v. Proteins, grams of alizarin are dissolved in a litre of the 
ALCOHOL (Ethylio or Vinous) C 2 H.O, the distilled alcohol together with 0*6 gram of dry 
active principle of ordinary intoxicating liquors, tartaric acid dissolved in 10 c.c. of the alcohol. 
Contrary to the usual statement, alcohol was The tartaric acid solution is slowly added to 
unknown to the Arabian chemists. The process the alcohol coloured by tho alizarin until the 
of distillation was also unknown in Asia. The reddish-blue colour changes to yellow, when the 
discovery of alcohol probably took place in whole is ggain 

Italy. It is first mentioned in Italian work Manufacture. —The first prooesa in the manu* 

of the ninth or tenth century (Lippman). facture or spirit'is one of brewing* and in general 

Hthyl alcohol occurs, as esters, in many principles # it does not differ from that employed 
want*, and in various lichens; and is formed by in making beer. The brewer, aal well as the 
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distiller, endeavours to treat his materials in 
such a wav as to extract from them the greatest 
amount or fermentable matters. The brewer of 
beer, however, does not desire to convert all the 
matter he extracts into spirit, and be brews at 
such gravities as his customers require. The 
distiller desires to convert as much as possible 
of the matter he has extracted from his materials 
into spirit; he therefore produces a wort con¬ 
taining more maltose and less dextrinous matter 
than the brewer of beer. He has also an ad¬ 
vantage over the brwvor in being able to choose 
the gravities which hs knows by experience will 
produce the bestjresults. It has been found that 
for distillers’ purposes it is advisable to keep the 
specific gravity of the wort when set for fermen¬ 
tation below 1040. The principle of low tem¬ 
peratures when the diastase acting in the 
mash tun appears to be fully recognised, 60° to 
63° being generally adopted, and it is understood 
that the higher the temperature at which the 
worts are set for fermentation, the greater is the 
amount of fusel oil in the spirit. The distiller 
has, therefore, to choose the lowest temperature 
at which a healthy fermentation can be started, 
and this is found to range between 23® and 26®. 
He cannot be too careful as to the purity of the 
yeast, for not only has he to run bho risk of 
acetic and other ferments being introduced into 
the wort, involving loss of alcohol, but to provide 
against the presence of aldehyde, which is 
objectionable in the spirit. It is found iu 
practice that it is always more prone to appear 
m hot weather, when the difficulty of keeping 
the yeast from decomposition is greatest, and 
as yeast always contains some spirit in a dilute 
form it is not improbable that the aldehyde is fre- 

T lently a product of the oxidation of this spirit. 

crolein(probablyderivedfromglycerol)ammonia, 
and sulphur fh organio combination are occasion¬ 
ally found in small quantities in crude spirit. 

The materials used in the manufacture of 
alcohol in the United Kingdom are chiefly malt, 
maize, rice, sago, tapioca, barley, rye, oats, sugar, 
and molasses, but occasionally dates and locust 
beans have been employed. At the present 
time maize constitutes fully 75 p.c. of the grain 
used. In Scotland the smaller distillers use 
malt only, and the spirit they produce under 
the name of Highland, Campbeltown, or Islay 
Whiskey, Glenlivet, Loehnagar, &o., has im¬ 
pacted to it a flavour derived partly from the 
peat used in drying the malt. The process of 

C anufacture consists in distilling the fermented 
ort—then oalled wash—in a common still, col¬ 
lecting the distillate, which is weak spirit con¬ 
taminated with fusel oil, and is called ‘low 
wines,’ and redistilling. The spirit which passes 
over in the middle of the redistillation is that 
which is used for consumption. It contains from 
60*8 to 70‘7 p.c. of alcohol by weight (20 over- 
pyoof to 45 overproof), but is generally diluted 
by the addition of water to 56-4 p.c. of alcohol 
by weight (11 overproof) before being sent into 
consumption or plaoed in bond. Irish whiskey 
differs from Scotch chiefly in the absence of peat 
flaVour. The materials used in its manufacture 
are, with one or two exceptions, a mixture''df 
malt and grain, the proportion of malt being, 
however, greater than in English distilleries, ft 
is gentrally bonded at 25 overproof (f^l p.c. of 
alcohol by weyht). 


We have hitherto dealt with the spirit manu¬ 
factured in ‘ Common ’ or 4 Pot ’ stills, or in 
other words by boiling the Vtash, condensing the 
steam thus produoed, rebojling the produot and 
j recondensing. But by far the greater quantity 
of the alcohol of commerce is produced by 
the Coffey still, in which the alcoholic vapour 
produced is deprived of water as the process 
continues until a spirit is formed of much 
I greater purity than that manufactured by the 
old method. The annexed illustration represents 
a Coffey’s distilling apparatus, the left-hand 
column being called the analyser, the right 
hand one the rectifier. The first operation is to 
fill both columns with steam. This is accom¬ 
plished by introducing it under pressure from 
the boiler at c, whence it ascends within the 
analyser, passing by the pipe m into the bottom 
of tne rectifier. When a proper temperature 
has been attained, the wash is pumped from 
the wash charger by a pipe which enters the 
top of the rectifier. This pipe is only shown 
sectionally in the sketch after entering the 
column, but it is continuous, and the wash 
' passes slowly through it, becoming warmer, 

| owing to the pipe being in contact with the 
steam. When it has reached the bottom of the # 
rectifier it is not far from the boiling-point. 

It will be seen that the pipe then ascends, and 
finally delivet-s the wash into the top of the 
analyser. The lines across the analyser repre¬ 
sent plates of perforated copper, and in oonneo- 
tion with each is a tube which projects about an 
mob and a half above the plate, and dips into a 
shallow vessel placed on that next beneath. The 
wash on entering falls on the first plate, but on 
reaching a depth of an inch and a half passes 
through the tube to the second one. In the 
mean time the steam produces ebullition in the 
contents of the plates, and carries away with it 
the alcoholio vapour through the steam exit 
i pipe, so that by the time the wash has reached 
the bottom of the oolumn it has been deprived 
of its alcohol. The alcoholic vapour passes by 
the pipe m into the bottom of the reotiner, whioh 
like the analyser contains plates and metal 
tubes, and where a prooess of gradual cooling 
takes place by the action of the pipe carrying 
the cold wash. Fusel oil vapour, condensing at 
a higher temperature than alcohol, is the first 
to assume the liquid form, and contaminated 
with spirit passes into the hot ‘feints* re¬ 
ceiver. The vapour containing aloohol con¬ 
tinues to ascend, meeting with portions that 
have*condensed, and are undergoing the process 
of rectification. It will be seen that the upper 
part of the apparatus is marked off in the sketch 
as finished-spirit condensA*. It is so called be¬ 
cause all that oondenses within its area, instead 
of returning towards the bottom of the Apparatus 
to be rectified, passes by the finished-spirit 
pipe or feints pipe into the receivers. At the 
top of the apparatus is a pipe marked * alcoholic 
steam exit/ whioh carries away most of the 
aldehyde as well as spirit vapour whioh under 
i special oircumstances may not have been con¬ 
densed before reaohing that point. 

*? The English distillers oonfine themselves 
almost exclusively to this apparatus, brewing 
ior the most phrt from a mixture of grain ana 
malt. In addition to Coffey’s still, various forms 
of rectifying stills are in use to meet special 
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requirements, t.g. the production of a purer by- produot, whioh indeed Is now considerably 
though not stronger spirit than that obtainable more valuable than the spirit itself. The spirit 
from the Coffey sfjjll for the purpose of com- produced does not to any large extent go into 
pounders and certain manufacturing processes, consumption as whiskey, the want of flavour 
and apparatus having for their object (in con- being an objection in regard to the better 
sequence of the increasing demand for fusel oil) qualities. Large quantities are transferred to 
the recovery of the maximum amount of this the rectifiers, who redistil them with various 
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flavouring ingredient*, producing gin, British 
brandy, British rum, and the various cordials, 
A portion, after being redistilled from potassium 
carbonate, or filtered through oharcoal, is used 
in the arts and in medicine under the names of 
rectified spirit and spirits of wine. The British 
Pharmaoopccia (1914) requires rectified spirit 
to be of a specific gravity of0*8337 at 15*0°/15*6°, 
equal to 85*68 p.c. of alcohol by weight. The 
Pharmacopoeia of the United States fixes it at 
0*820, equal to 91 p.c., which is about the 
strength it comes from Coffey’s apparatus. 
The four official (B.’P.) diluted alcohols obtained 
by mixing 90 p.o. alcohol ( Spirilua rectificatus) 
with distilled jpater contain, respectively, 70, 
00, 45, and 20 p.c. of alcohol by volume. 

They are prepared as follows :— 

1. Seventy per cent. Spirit. —Sp.gr. 0*8899. 
Mix 310*5 c.o. of distilled w£ter with 1 litre of 
90 p.c. alcohol. Or dilute 777*8 c.c. of 90 p.c. 
alcohol with water so as to make 1 litre at 15*5°. 

2. Sixty per cent. Spirit. —Sp.gr. 0*9134. Mix 
530*5 c.c. of distilled water with 1 litre of 90 p.c. 
alcohol. Or dilute 606*7 c.c. of 90 p.c. alcohol 
with water so as to make 1 litre at. 15*5°. 

3. Forty-five per cent. Spirit. —Sp.gr. 0*9435. 
Mix 1053*4 c.c. of distilled water with 1 litre of 
90 p.c. alcohol. Or dilute 500*0 c.c. of 90 p.c. 
alcohol with water to the bulk of 1 litre at 15*5°. 

4. Twenty per cent. Spirit. —Sp.gr. 0*9760. 
Mix 3558*0 c.c. of distilled water with 1 litre of 
90 p.c. alcohol. Or dilute 222*2 c.c. of 90 p.c. 
alcohol with wator to the bulk of 1 litre at 15°. 

' Attempts have been made, especially in 
America, to produce alcohol from wood, by the 
Classen procoss, or by some modification of it. 
This process consists in converting the cellulose of 
the wood or some portion of it into dextrose and 

"•Either sugars by treatment with dilute acid under 
pressure, and, after neutralising the acid, fer¬ 
menting tlie sugar with yeast, and separating 
the alcohol by distillation. The yield is about 
21 gallons of 95 p.c. alcohol per ton of wood, 
sawdust or pine wood waste being usually 
employed, the output being upwards of 2000- 
25<K) gallons per diem. The method lias not 
been commercially successful in this country, 
and is carried on only to a limited extent, and 
under exceptional conditions, in the United 
States (J. Ind. Eng. Chem. 1911, 3, 439; 1915, 
7, 920; J. Soc. Chem. Ind. 1912, 31, 513; 
W17, 36, 632; 1918, 37, 131; Chem. Tr. J. 
1918, 63, 103; Zoitsch. angew. Chem. 1913, 
26, 780; J. pr. Chem. 1915, 91, 358; Chem. 

• and Metall. Eng. 1918, 19, 562). 

Some considerable quantity of alcohol is, 
however, obtained from the waste liquors formed 
in the manufacture of wood pulp by the sulphite 
prooess. This liquor oontams from 1 to 2 p.c. 
of sugars, which, after neutralisation, or resnoval 
of the sulphur dioxide, can be fermented and 
the alcohol recovered by distillation. The 
“industry is established in Norway, Sweden, 
Germany, Switzerland, and on the American 
continent. The yield of alcohol is said to be 
about 1 p.o. or rather more, of the sulphite 
waste liquor. The spirit obtained contains 
methyl alcohol, and is therefore unsuitable* for 
potable purposes; but u, can, of course, be 
employed as motor fue), and for ether uses 
where a denatured spirit is applicable (Johnson, 
J. Sbo. Chem. Ind. 1918, 37, 13iT). ♦ 


The synthetic production of alcohol from 
acetylene, produoed from calcium carbide, was 
largely developed in Germany during the war. 
The methods employed consist either in trans¬ 
forming the acetylene into ethylene and thence 
into alcohol by treatment with oil of vitriol and 
water by a process first discovered by Hennell in 
1828; or by converting the acetylene into alde¬ 
hyde in presence of a catalyst, such as a mercury 
salt, ana then reducing the aldehyde to alcohol 
by passing its vapour, mixed with hydrogen, over 
finely divided nickel, at a particular temperature. 

For descriptions of the various forms of 
potable spirit -brandy, rum, whisky, gin, &c.— 
see the special articles on these subjects. 

Properties .—In the dehydrated condition 
ethyl alcohol is a colourless liquid, having a 
specifio gravity of 0*791 at 20°/20° (Lowitz, 
CrelTs Ann. 1796, 1, 1), 0*7938 at 15*6715*6° 
(Fownes, Phil. Trans. 1847, 249), 0*793811 at 
15*6°/16*6° (Drinkwater, Phil. Mag. Feby. 1848), 
0-79350 at 15*6°/15*6 0 , 0*79367 at I6°/4° 
(Mendel6eff, Pogg. 138, 230), (Squibb, Ephe- 
meris, 1884-5, and Pharm. J. [3] 16, 147-148), 
0*7851 at 25°/4° (Winkler, Kailan, Osborne, 
McKelvy, and Bearcc, J. Washington Acad. 
Sci. 1912, 2, 95), 0*7936 at 15°/4° (Schoorl and 
Regenbogen, Proc. K. Akad. Wetensch. Amster¬ 
dam, 1918, 20, 831), 0*80627 at 0°/4° (Young, 
Klason, and Norlin, Mjrriman). It boils at 78*4° 
under a pressure of 760 mm. (Kopp, Annalen, 
92,9), 78*3° (Young and Merriman), and solidifies 
at —130*5° (Wroblewski and OJsewski, Compt. 
rend. 96, 1140 and 1125), —112*3° (Ladenburg 
and Krugel, Ber. 1899, 32, 1818). It is inflam¬ 
mable, the combustion evolving great heat but 
little light, and producing carbon dioxide and 
water. It acts as a caustic irritant in contact 
with the tissues of the body, owing probably 
to the energy with which ii draws moisture 
from the surface. It possesses a specific 
heat of 0*6120 at temperatuies between 16° 
and 40*5° (Schiiller, P. Erg. 5, 116-192). Its 
index of refraction for H£= 1*3667 (BriihJ), and 
its critical temperature 243*6° at 48*9 m. At 
this point 1 gram occupies 3*5 c.c. (Ramsay 
and Young, Proc. Roy. Soc. 38, 329). 

Vapoi’R Pressure of Ethyl Alcohol. 

(Merriman, Trans. Chem. Soc. 3913, 103, 632.) 


. 

Pressure 

In mm. 


Pressure 
In mm. 

0 

12-0 

18 

38'7 

1 

12-9 

19 

41'2 

2 

13-9 

20 

43'8 

3 

149 

21 

46-5 

4 

15-9 

22 

49'4 

5 

17-0 

23 

52'4 

6 

182 

» 24 

65-8 

1 

194 

25 

59-0 

8 

20'7 

30 

78-8 

9* 

22-1 

40 

134-9 

10 

23-5 

50 

222-2 

11 

25 1 

60 

362-7 

12 

20-7 

70 

542-5 

13 

28'4 

80 

812-7 

14 

30‘3 ' 

90 

1187-0 

15 

32-2 

100 

1894 0 

IB 

34-3 

105 

2007 0 

17 

3B-4 

1 



The visedsity of ethyl alcohol at various 
temperatures has been measured by Thorpe 
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and Rodger (Phil. Tran*. 1894, 185, II, 633), 
with the result* shown in the annexed table 
Temperatures. Temperatures. 

7*10 0-016328 42*84 0 007876 

1323 0-013573 49*37 0007047 

19-22 0-012094 55-57 0 006354 

25-24 0 010792 61 07 0*005815 

31-89 0009560 67 55 0-005253 

37-51 0-008644 73-57 0-004764 

The electric conductivity of alcohol and of 
its aqueous solutions has oeen determined at 
15°, by Dorosohewsky and Roschdestvonsky 
(J. Russ. Phys. Chem. Soc. 1908, 40, 887; J. 
Soo. Chem.ind. 1909, 28, 853). 

Ethyl alcohol is hygroscopic and is miscible 
with water in all proportions. On adding water 
to anhydrous alcohol a considerable development 
of heat occurs owing to the contraction in tho 
resultant volume. The maximum contraction is 
found by mixing 48 vols. of water with 52 vols. 
of anhydrous alcohol, measured at 16-56°. 

H. T. Brown (Analyst, 1915, 40, 379) has 
shown from the alcobolometric tables published 
by Thorpe that in the case of mixtures of very 
dilute aloohol and water there is a slight expan¬ 
sion instead of contraction. 

Commercial * absolute ’ alcohol usually con¬ 
tains about 1 p.c. to 1*5 p.c. of water. In tho 
B.P. (1914) 1 absolutealcohol is defined as 
4 ethyl hydroxide C 2 H 6 OH, with not more than 
1 p.c. by weight of water; sp.gr. from 0-794 
(equivalent to 99*96 p.c. of ethyl hydroxide by 
volume and by weight) to 0-7969 (equivalent 
to 99"4 p.c. of ethyl hydroxide by volume or 
99 p.o. by weight). Anhydrous copper sulphate 
shaken occasionally during two or three hours 
in a well-closed vessel with about fifty times its 
weight of absolute aloohol does not assume a 
decidedly blue colour (absence of excess of water).’ 

Absolutely anhydrous alcohol should give no 
cloudiness when mixed with benzene, and no pink 
colouration when shaken with a crystal of potas¬ 
sium permanganate, and no turbidity or evolu¬ 
tion of gas (acetylene) in contact with calcium 
carbide. Anhydrous alcohol addod to a fragment 
of anthraquinone and sodium amalgam acquires 
a green colour; if a trace of water be present 
the colour becomes red (Claus, Ber. 10, 927). 

Ethyl alcohol is readily detected by the 
formation of ethyl acetate on adding sodium 
acetate and a few drops of acetic acid to the 
liquid to be tested, together with an equal 
volume of strong sulphuric acid, and heating 
the mixture, when the characteristic smell of 
ethyl acetate is produced. A less charactetistic 
reaction is the formation of iodoform when the 
liquid is mixed with ajew drops of a solution of 
iodine and warmed ana the colour of the iodine 
destroyed by a solution of sodium oarbonate or 
hydroxide. If benzoyl chloride be shaken with 
the liquid, it forms ethyl benzoate ; on wanning 
the decanted solution with a solution of caustic 
potash the ethyl benzoate is recognised by its 
odour. Other tests are the formation of 
aldehyde by tho action of a mixture of potassium 
diohromate and sulphuric acid, recognised by 
its smell and its behaviour with Schiffs reagent; 
the formation of dinitrophenetole (Blanksma, 
Chem. Weebklad, 1914, 11, 26); phthalic ester 
(Reid, J. Amer. Chem. Soc. 1917; 39, 1249). 


According to Pasteur very small traoes of ethvl 
aloohol, especially in fermented liquids, may oe 
detected on distilling the aqueous liquid suspeoted 
to oontain it by observing the formation of the 
striae, or ‘ tears ’ produced by the condensation 
of the first few drops of the distillate. A few o.o. 
of the liquid to be tested are placed in a wide 
test tube fitted with a ^ork and a long glass 
tube. The liquid, which should contain a spiral 
of oopper or platinum wire, or a few fragments 
of pumice, to ensure regular ebullition, is heated 
by a small flame and the formation of the ‘ tears ’ 
in the long tube noticed. With care as little as 
0'001 p.c. of alcohol can it^this way be detected. 

Alcohol forms othoxides with sodium and 
potassium, arfd unstable compounds with certain 
crystalline salts, e.g. zinc chloride, the latter 
called alcoholates. Subjected to the action of 
a limited supply oxygen, it is converted into 
aldehyde (C 2 H 4 0), which, by further oxidation, 
becomes acetic acid (C 8 IT 4 0 2 ). Distilled with 
chloride of lime, it forms chloroform (CHC1„). 
With sulphuric acid at a temperature not ex¬ 
ceeding 145° it yields ethor (C 4 H 10 O). With 
twice its bulk of sulphuric acid it gives ethylene 
(C 2 H 4 ). With excess of dry cluorine gas it 
produces chloral (C 2 HC1 3 0). 

Uses .—In Tuldition to its use as a beverage, 
spirit is employed as a solvent for many of the 
drugs required in medicine, and diluted to the 
standard of British proof—that is, to the specific 
gravity of 0-91976 at 15'6 C , representing 49*28 p.c. 
by weight of Drinkwator and Fownes alcohol— 
it forms part of a largo proportion of the tinc¬ 
tures of tho Materia Medica. It is also used 
largely ns a solvent for essential oils, in pre¬ 
paring perfumes and essences, and ether and 
other ethyl derivatives are manufactured from it. 

Methylated spirit. In. 1853 a strong repis#^ 
sentation was made t<f the Government to allow 
the use of alcohol duty free in Che arts and 
manufacturing processes in which it was re¬ 
quired, and after careful inquiry the Board of 
Inland Revenue in 1855 decided to sanction, 
under certain restrictions, a mixture of nine 
parts of spirits of wine jind one part of methyl 
alcohol (wood naphtha) free of duty under the 
name of methylated spirits. In 1801 the per¬ 
mission was extended to all other purposes except 
consumption as a beverage or as a medicine. 
The reasons for selecting wood naphtha were that 
whilst it would be least likely to interfere in any 
of the processes for which alcohol was required— 
especially as a solvent—it would be very difficult 
to separate from the alcohol when once mixed- 
The principal restriction on the use of methyl¬ 
ated spirit is that it shall only be kept by 
authorised persons and in authorised premises. 

In 1891 it was found necessary (owing to the 
pos|ibility of methylated spirit being sufficiently 
purified to render it fit for potable purposes, and 
the growing practice of drinking even the un* 
purified methylated spirit by the poorer classes, 
in some of the larger cities) to again restrict the 
use of methylated spirit mode as above described 
(i.e. 1 ordinary methylated spirit ’) to manu¬ 
facturers only, and, even then, subject to 
revenue restrictions, and to prescribe the 
addition 1 of a further denaturant to methylated 
spirit intended for, general purposes. This 
j denaturant consists of mineral naphtha (petro- 
1 Jeum), aryl the mixture, known as * miner&ised* 
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methylated spirit, may be sold by licensed 
retailers to the general public for any purpose 
to which if; is applicable, as lighting, heating, 
cleansing, or mixing with paints, varnishes, Ac. 

It was found, however, that ' ordinary * 
methylated spirit was not universally applicable 
to manufacturing processes requiring the use of 
aloohol, and accordingly, in 1902, the Com¬ 
missioners of Inland Revenue, under powers 
conferred upon them by the Spirits Act of 1880 
and the Finanoe Aot of 1902, authorised the use 
of duty-free alcohol denatured with substances 
other than wood-napRtha in certain manufactur¬ 
ing operations and subjeot to special conditions. 

As tho result of an inquiry tyy a Depart¬ 
mental Committee, in 1904-5, tho amount of 
wood-naphtha to be used as a denaturant for 
‘ ordinary ’ methylated spirit used for industrial 
purposes was reduoed from lCfto 5 p.c. of the 
mixture. This is described as ‘ industrial * 
methylated spirit. 

At the present time (1920), thoro are. there¬ 
fore, two descriptions of methylated spirit offici¬ 
ally recognised in the United Kingdom, viz.: 

(a) Mineralised methylated spiut as sold by 
lioensed retailers for gonoral use (except for the 
preparation of beveragos or medicine), and con¬ 
taining not less than 10 p.c.by volume of approved 
wood-naphtha, and, in addition, not less than 
0-376 p.c. of approved mineral naphtha (petro¬ 
leum of specific gravity not less than 0-800). 

(b) Industrial methylated spirit, intended for 
use in manufacturing processes, and sold only by 
methylators to persons authorised to receive 
this kind of spirit. This must contain not less 
than 6 p.c. of approved wood-naphtha or other 
substance or combination of substances approved 
by the Commissioners of Customs and Excise. 

** The wood-naphtha mqst be sufficiently im¬ 
pure to mak§ the methylated spirits so nauseous 
as to render them incapable of being used as a 
beverage or of being mixed with potable spirits 
without rendering them unfit for human con¬ 
sumption. It must contain not less than 72 p.c. 
by volume of methyl alcohol, and not more than 
12 grams per 100 c.o. of aldehydes, aoetonc, and 
higher ketones, estimated as acotone by Mes- 
einger’s iodoform process, nor more than 3 grams 
of esters estimated as methyl acetate by hydro¬ 
lysis; not more than 30 c.c. of naphtha shall 
be required to decolourise an aqueous solution 
containing 0-6 gram of bromine, and 6 o.o. at 
least of deoi-normal acid Bhall be required to 
neutralise 25 o.o. of the spirit when methyl 

grange is used as indicator. 

Tne wood-naphtha which is now used by 
methylators is fairly uniform in character as 
regards its content of methyl alcohol, and it is 
by the recognition of this alcohol that the 
presence of mothylated spirits is usually* de¬ 
tected. Acetone is present in much more varying 
quantities, whilst unsaturated aloohols, com¬ 
pound ethers, and nitrogenous basic substances 
are present in too small and varying proportions 
to afford suitable means for detecting methy¬ 
lated spirits in mixtures. 

The most satisfactory methods for detecting 
methyl aloohol in presenoe of ethyl alcohol 
depend either on difference? in the physical pro¬ 
perties of the alcohols themselves, or on differ¬ 
encesi in the chemical behaviour of their deriva¬ 
tives or products of oxidation, but of these, few 


are capable of Indicating with oertainty the 
presence of less than 1 p.c. of methyl alcohol. 

Of the methods which have hitherto been 
devised for this purpose, node can compare, as 
regards the certainty of the conclusions which 
may be drawn from the results, with that of 
Riche and Bardy, which depends on the ultimate 
formation of methylaniline violet and its de¬ 
position on wool (Compt. rend. 1875, 1976). As 
a preliminary test, and one which may with 
advantage be incorporated in the Riche and" 
Bardy process, the following will be found to be 
useful. About 10 c.c. of the strong spirit—freed, 
if necessary, from essential oils, &c., by the 
salt-petroleum method and fractionated from 
potassium carbonate (v. Alcohoi.metry)— are 
placed with 30 grams of powdered iodine in »a 
small round-bottomed flask which can he readily 
connected with a condenser. Two grams of 
amorphous phosphorus are added and the result¬ 
ing alkyl iodides distilled and collected under 
water in a small separator. When from 10 to 
12 c.c. have been collected, the iodides are washed 
with water, decolourised with dilute potash, and 
drawn off from the aqueous layer into a flask 
containing a little freshly heated potassium 
carbonate. After remaining an hour or so with 
occasional shaking, tho potassium carbonate is 
removed by filtration, and the boiling-point of 1 
the iodides carefully determined. Ordinary 
ethyl alcohol q/ields an iodide which has a con¬ 
stant boiling-point of 72°. When methyl 
alcohol is present in the spirit, the initial 
boiling-point of the iodides is lower and a 
portion distils below this temperature. By 
noting the temperature at which the first 
drop of distilled iodides falls into tho condenser 
and receiver respectively, the presence of rela¬ 
tively small quantities of methyl alcohol can he 
detected. The results (see table in next col.) 
obtained with synthetic mixtures indicate the 
delicacy of the method. 

In doubtful cases, or when the initial boiling- 
point is below 70°, the first fraction of 3 c.c. of 
distilled iodides is digested with an equal 
volume of aniline at a moderate temperature, 
and the Riche and Bardy method proceeded 
with. After standing one hour, hot water is 
added to the crystalline mass, and the mixture 
boiled for some minutes, 25 c.c. of strong potash 
solution are then added, and the liberated aniline 
oil washed with water; 1 c.c. of this oil is inti¬ 
mately mixed with 10 grams of a mixture 
consisting of 100 grams of dry quartz sand, 

3 grams of ouprio nitrate, and 2 grams of 
common salt, and the mixture introduced into 
a wide tube and heated for some hours at 
90°-100*. The produot is exhausted with warm 
alcohol and the extract filtered and made up to 
a volume of 100 o.c. 

If the sample of spirit contained ethyl 
alcohol oily, the colour of the liquid will be 
red, but in the presence of 1 p.c. of methyl 
alcohol it haB a distinct violet shade, whilst in 
the presenoe of 2 p.c. the violet is very decided, 
and becomes more so as the proportion of 
methyl alcohol increases. 8 c.o. of the alco¬ 
holic extract are then mixed with water to a 
volume of 100 c.c., and 2 o.c. of this dye diluted 
with water to about 400 o.c. The mixture is 
now heated to.a temperature not exceeding 76*, 
and from two to three feet of Berlin wool. 
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previously freed from grease by treatment 
with hot dilute potash, Immersed in it for 30 
minutes. 


Percentage of 
methyl alcohol by 
volume in the mix¬ 
ture of alcohols 

Temperature at 
which the first 
drop of iodides 
falls into the 
condenser 

Volume of dis¬ 
tillate obtained 
below 72° from 
10 c.c. of 
iodides 

Nil 

70' 

c.o. 

Nil 

0-38 

09° 

0-2 

0-91 

05° 

0-8 

ISO 

03° 

2-2 

2-77 

02° 

4-0 

3-60 

00° 

5-0 

4-66 

68° 

0 0 

642 

57° 

0-2 

6-20 

50° 

C-4 

7 10 

55° 

0-5 

10-00 

62° 

7-5 


Pure ethyl alcohol under these conditions will 
not produce a dye, and the wool after washing 
and drying remains practically white. If, how¬ 
ever, methyl alcohol was originally present, the 
fibre will be violet, the tint becoming more 
intense and increasing m depth according to the 
quantity present. Richland Bardy recommend 
that It c.c. of the above diluted dye should be 
taken instoad of 2 c.c. aR here described, but 
although by this means a more intense dye is 
obtained when methyl alcohol is present, it is found 
that an appreciable dye, although not of the 
same colour, is deposited when pure ethyl alcohol 
has been operated with, and this may lead to 
oonfusion. For purposes of comparison it is 
therefore advisable to operate concurrently with 
a sample of rectified spirits. 

If it be desired to estimate the proportion 
of methyl aloohol or methylated spirits in a 
sample, the method of Thorpe and Holmes may 
be employed. This method depends on the 
complete oxidation of methyl alcohol to carbon 
dioxide by means of chromio acid mixture, 
rectified spirits under the same conditions 
yielding only a small quantity of carbon 
dioxide equivalent to 0-01 gram for each gram 
ofethyl alcohol present (Chem. Soc. Trans. 

As a result of many experiments it has been 
proved that unless the boiling-point of the 
iodides is abnormal, no dye is obtained by the 
Riche and Bardy method, nor does the yield of 
carbon dioxide on oxidation exceed the lihaits 
jjfven above for rectified spirits, but in all cases 
m which a dye is obtained a proportional excess 
of carbon dioxide is also obtained. 

In other countries there are, as a rule, olasses 
of denatured aloohol corresponding mqre or less 
with those authorised in the United Kingdom, 
i.e. spirit for general use so completely denatured 
as to' be deemed undrinkable, and spirit not 
absolutely denatured and intended for use by 
responsible manufacturers subjeot to a more or 
less strict revenue control. 

Wood-naphtha is the denaturant most in 
favour for spirit intended for general use, the 
nahseouB character of the methylated spirit 
being sometimes intensified by the addition 

Vat. T-T 


of such substances as pyridine bases, benzine, 

&c. 

In France, spirit for general use coq^ins one* 
eleventh of it3 volume of officially approved 
wood-naphtha, with an addition (when used for 
lighting and heating purposes) of 0-5 p.c. of heavy 
benzine distilling between 150° and 200° ana 
4 p.c. of gum resin for ‘ finish.’ 

In Germany, the official formula is 2 p.c. of 
wood naphtha, 0°fi p.o. of pyridine bases, and 
(optionally) 0’125 p.o. of rosemary oiL Spirit 
intended for motor cars, and internal combustion 
ongines ia denatured by ad<#ing 1 p.o. of wood- 
naphtha, 0-25 p.o. of pyridme bases, 0-25 p.o. of 
a solution of methyl violet dye, and from 2 to 20 
p.c. of benzol'to the pure spirit.® 

In the United States of America, 10 p.o. of 
approved mothyl alcohol and 0-5 p.c. df benzene 
is proscribed to b« added to spirit denatured for 
general use. 

In Belgium, specific denaturants are pre¬ 
scribed for each of the principal manufacturers, 
and this practice obtains in certain other 
countries, as Germany, France, Switzerland, 
America, and the United Kingdom, when it can 
be shown that ordinary methylated spirit is 
unsuitable. In such cases the denaturants are 
naturally very varied in character, being specially 
adapted to the particular necessities of each 
manufacturer. 

(Minutes of Evidence and Report of the 
Department Committee on Industrial Alco¬ 
hol, 1905; Herrick, Denatured or Industrial 
Alcohol.) 

ALCOHOLOMETRY is the term applied to 
any process for estimating the amount of alcohol 
in a spirituous liquid. In simple mixtures of 
alcohol and water a determination of specific 
gravity at a standard temperature affords e-v. 
accurate index of alcfcholio content, and it is 
by taking advantage of this fact tUht the assay , 
of spirit for revenue and commercial purposes 
is usually carried out. 

When alcohol and water are mixed together 
the volume of the mixture is invariably less 
than the sum of the initial volumes, and the 
degree of contraction varies with the proportion 
of alcohol present. In countries in which the 
revenue from spirit ts of great importance it has 
therefore been found necessary to ascertain by 
experiment the specific gravities of mixtures of 
alcohol and water in all proportions and at 
various temperatures. These experiment* have 
in general been carried out at the request of the 
Governments interested, and the results are 
embodied in tables associated with the names of 
those entrusted with the investigations. 

In 1794 Sir Charles Blagdcu and Mr. Gilpin 
completed an extensive series of experiments, 
undertaken at the request of the British Govern¬ 
ment (Phil. Trans. 1790-1794), the results of 
which have since served as the basis of systems of 
alcoholometry in this and other countries. At 
that time anhydrous aloohol had not been pre¬ 
pared, Blagden and Gilpin’s tables having refer¬ 
ence to spirit of a sp. gr. 0-825 at lfi'tr/lS’O 0 
((K)°/00°F.). Tralles, in 1811, conducted a 
like investigation for the Prussian Government 
(Gilb. Ann. 1811), and adopted 0-7946 a* th* 
specifio gravity of ajcohol at 15-6 0 /16*6°. He 
incidentally confirmed the general aocuracy of 
the results of Blagden and Gilpin, and constricted 

n 
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tablet of spirit-strengths which for upwards of | tive Governments. The unofficial investigations, 
sixty year* formed the basis of German alcoholo- j of Fownes (Phil. Trans. 1847), Drink water 
metry. Similar researches were undertaken by ] (Chem. Soc. Mem. 1848), and gquibb (Ephemeris, 
Gay-Lussac (Paris, 1824),MoCulloch(Waahington, 1884), are likewise entitled to consideration. 
1848),Baumnauer(Amsterdam, 1860), Mendel^efi Drinkwater prepared alcohol of a specifio 

(St. Petersburg, 1806), and more recently by gravity 0 79381 at 15-6°/15'6° (in air), whilst 
the Kaiserliche Normal Eichungs Kommission j Squibb obtained it as low as 0-7936, but this 
(Berlin, 1889), the several results of which have 1 result lacks confirmation, 
from time to time been incorporated in the | The work of Mendel&ff for the Russian 
systems of alcoholometry adopted by the respeo- | Government admittedly constitutes the most 


Specific 
gravity in air 

at 1560 

15 0° 

Percentage of alcohol 

i 

Percentage 
of fiscal 
proof spirit 

Specific 
gravity in air 
, Vo (V 
“ t 15-r 

Percentage of alcohol 

Percentage 
of fiscal 
gproof spirit 

by weight 

by volume 
at 15*e° 

by weight 

by volume 
at 15 6° 

0-79359 

100-00 

100-00 

175-35 

0-898 

58-93 

66-67 

118-81 

0-794 

99-87 

09-92 

175-21 

0-900 

58-06 

05-83 

115-33 

0-790 

99-22 

99-52 

174-52 

0-902 

57-18 

04-98 

113-84 

0-798 

98-67 

99-12 

173-80 

0-904 

56-31 

64-13 

112-35 

0-800 

97-91 

98-70 

173 07 

0-906 

55-42 

63-26 

110-82 

0-802 

97-26 

98-28 

172-33 

0-908 

54-54 

62-39 

100-29 

0-804 

90-67 

97-84 

171-56 

0-910 

63-65 

61 -51 

107-74 

0-806 

95-89 

97-39 

170-77 

0-912 

52-77 

60-03 

106-20 

0-808 

95-20 

90-93 

109-96 

0-914 

51-88 

59-74 

104-63 

0-810 

94-50 

90-45 

• 109-13 

0-916 

50-98 

58-83 

103-05 

0-812 

93-80 

95-97 

108-28 

0-918 



101-43 

0-814 

93-08 

95-47 

167-41 




m: 

0-810 

92-36 

94-97 

100-51 



' 50-99 

99-80 

0-818 

91-03 

94-45 


0-922 

48-25 

50-05 

Km! 

0-820 

90-90 

93-92 

164-67 

0-924 

47-33 

56-10 

90-49 

0-822 

90-16 

93 38 

163-72 



54-14 


0-824 

89-41 

92-83 

102-75 

0-928 

45-47 

63-16 

93-09 1 

0-826 

88-65 

92-26 

161-76 

0-930 

44-53 

52-18 

01 -36 

0-828 

8788 

91-69 

160-76 

0-932 

43-59 

51-18 

80-61 

0-830 

87-11 

91-11 

169-73 

0 934 

42-62 

60-15 

87-81 

0-832 

86-34 

90-52 

158-69 

0-936 

41-64 

49-10 

85-97 

0-834 

85-66 

L 89-91 

157-63 


40-65 

48-04 

84-10 

0-830 

84-78 

89-30 

■EMM 


39-65 

46-95 

82-19 

0-838 

83-99 

88-08 

155-47 

0-942 

38-64 

45 85 


0-840 

83-20 

88-00 

164-37 

0-944 


44-71 

78-26 

0-842 

82-40 

87-42 

153-26 

0-946 

30-54 

43-54 

70-21 

0-844 

81-80 

86-77 

152-12 

0-948 

35-46 

42-35 

74 12 

0-840 

80-79 

86-12 


0-950 

34-37 

41-13 


0-848 

79-98 

85-46 


0-952 

33-25 

39-87 

69-76 

0-860 

79-17 

84-78 

148-62 

0-964 


38-67 


0-862 

78-35 

84-11 

147-43 

0-956 

nitiiHi 

37-20 

RffiiM 

0-864 

77*63 

83-42 

140-23 

0-958 


35-79 


0-860 

76-71 

82-73 


0-960 

28-39 

34-33 


0-868 

7688 

82-03 

143-78 

0-962 

27-06 

32-79 

57-33 

* 0-860 

75-05 

81-32 

142-54 

0-064 

26-68 

31-18 

54-51 

0-862 

74-22 

80-61 

141-28 

0-006 

24-23 

29-48 

61-53 

0-864 

73-39 

79-89 

140-02 


22-71 

27-69 

48-38 

0-806 

72-65 

79-16 

■ L/1 


21-14 

25-83 

45-14 

0-808 

71-72 

78-43 

137-46 


19-53 

23-91 

41-77 

0-870 

70-88 

77-69 


0-974 

17-90 

21-96 

38-36 

0872 

70-04 

76-04 


0-976 

16-25 

19-98 

34-87 

0-874 

69-19 

76-19 

133-63 

0-978 

14-61 

18-00 

31-42 

0-876 

68-35 

76-44 

132-19 

■f [tTiii^BSi 

12-99 

16-04 

27-99 

0-878 

67-61 

74-68 

130-86 

Hi It :vHfl 

11-42 

14-13 

24-66 

0-880 

86-00 

73-91 

129-50 

■1 !• 

9-91 

12-29 

21-44 

0-882 

0581 

73-13 

128-14 

Hi !: :"Hl& 

8-46 

■own: 

18-34 

0-884 

64-90 

72-34 

126-77 
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8-80 

15-38 

0886 

64-10 

71-65 

125-37 

HTraMI 

5-76 

7-18 

12-53 

0-888 

63-24 

70-75 

123-97 

mwm 

4-51 

5-63 

9-82 

.0-890 

62-38 

69-95 

122-56 

■nnw 

3-31 

4-14 

7-24 

0-892 

61-52 

<69-14 

121-14 

0-996 

2-17 

2-71 

4-73 

0894 

60-66 

68-33 

■ Il'Mil 

■ITt7£j|H 


1-34 

2-33 

0-896 
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59-80 

67-50 

118-26 
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oomprehenaive and exact of the researches 
hitherto made in the field of alooholometry. 
Mendel&ff obtained alcohol of a specific 
gravity 0-70425 at 15°/15", which at 15-6715-6° 
is equivalent to 0*79384 in a vacuum, or to 
0-70359 in air, and he assigned to Drinkwater’s 
alcohol an alcoholio content of 99-95 p.c., and to 
the strong spirit of Blagden and Gilpin 89-06 

S o. by weight. The results of Tralles’ and Gay- 
ussac’s experiments, being based on alcohol 
less dehydrated than that of Drin k water, com¬ 
pare less favourably with those of Mendeleeff. 

* Mendeleeff was so well satisfied with the 
work of Blagden and Gilpin, and Drink water, 
that, for spirituous mixtures of low strongth, he 
included many of their results in his tables of 
spirit-densities, and aftor a critical investigation 
and subsequent verification by tho Kaiserliche 
Normal Eichungs Kommission, his results have 
been substantially adopted as the basis of tho 
present system of German alooholometry in place 
of the relatively less accurate data of Tralles. 

The results of the work of those four autho¬ 
rities have been incorporated in the accompany¬ 
ing table of spirit-densities, which may servo 
for the pyknometrical determination of the true 
strength of spirits. In the assessment of duty 
and in commercial transactions, the standard of 
strength is termed ‘proof.’ Spirit of proof 
strength is defined as * that whic^ at tho tem¬ 
perature of 51°F. (10-6°C.) weighs exactly jgths 
of an equal measure of distilled water ’ also at 
10-6°. According to tho best available data 
this mixture of alcohol and water has a specific 
gravity of 0-91976 at 156 °/T 5 - 6 ® and contains 
49-28 p.c. by weight and 57-10 p.c. by volume 
of anhydrous alcohol. Spirits which contain a 
greater proportion of alcohol than is contained in 
proof spirit are said to be of overproof strongth 
(o.p.), and those which contain a smaller propor¬ 
tion are said to be of underproof strength (u.p.). 
Variations of temperature are deemed not to 
affect the fiscal strength of spirits. Spirits 
which are of proof strength at 10-6° are conse¬ 
quently deemed to be of proof strength at other 
temperatures, and the same applies to spirits of 
any other strength, provided that no change in 
composition has occurred. In computing the 
strength of a spirit mixture refercnco is made 
to the volume of proof spirit it contains, if under¬ 
proof, or will produce if overproof,’ at the 
dominant temperature, which for revenue pur¬ 
poses in this country is fixed at 10° (50%.). 
MendelecfTs alcohol is thus found to be 76-35 
overproof, or 100 volumes at 10°, when diluted 
with water to proof strength, yield 175-35 1 
volumes at that temperature. 1 

In the annexed table specific gravities of 
aqueous alcoholio mixtures are correlated with 
percentages of aloohol by weight and by volume, 
and fiscal proof spirit. The specifio gravities 
are reduced to air values ana represent the 
ratio of tho weight of a given volume of spirit 
to the weight of the same volume of water at 
15-6° under the same atmospherio conditions ; 
they may be converted to specific gravities in 
vacuum by means of the expression— 

8 -f 0-0012 
1-0012 

Although it is probable that the density of a 
spirituous liquid can be determined more accu- 
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rately by the use of a pyknometer than by other 
| means, in practical operations where regard 
; must be haa to convenience, it is pifeferable to 
employ one of the many hydrometers or alcoholo¬ 
meters, the stems of whiohare variously graduated 
to show densities, percentages of alcohol by 
weight or by volume, or#igain arbitrary indica¬ 
tions which can be interpreted by suitable 
tables. 

Since tho year 1816, Sikes’ hydrometer has 
been the legal instrument for ascertaining the 
strength of spirits for revenue purposes in Great 
Britain and Ireland, as well as in most of the 
British Colonies. It is nfade of brass, gilded, 
and consists\)f a hollow spher# provided at one 
polo with a graduated roctangular stem uniform 
in section, and at tho other with a conical 
spindle terminating in an oval counterpoise to 
give stability to the instrument when floating 
in a liquid, and also to serve as an attachment 
for various poises. Tho graduated portion of 
the stem contains ten principal divisions, whioh 
are equal in length, and marked 4 0 ’ at the 
upper, and ‘10’ at the lower end, and between 
these points the stem is again subdivided to 
2 tenths of a division. When the instrument is 
floating at the ‘ 0 ’ mark in spirit at a tempera¬ 
ture of 15-6°, it indicates a strength of 66-7 
overproof, or 92-50 p.c. of alcohol, whilst the 
‘ 10 f mark corresponds to a strength of 58 
overproof, or 86-11 p.c. of alcohol (by weight). 
For strengths weaker than these a series of nine 
poises or weights are used, numbered consecu¬ 
tively from 10 to 90. The poises aro made of 
hammered brass, gilded, and can be attaohed by 
means of a slot in the poise to tho spindle of 
tho hydrometer. The series of principal divi¬ 
sions can thus be repeated ten times, readirg 
from ‘ 0 ’ to ‘ 100,’ whfch latter indication repre¬ 
sents distilled water. Sikes’ hydrometer indica¬ 
tions refer to readings on the stem at the surface 
of the liquid in which it is floating, the capillary 
meniscus being disregarded, and aro interpreted 
into proof-strengths by means of tables whioh 
are arranged so as to identify a sample of 
spirits at any temperature between — 1 -1° (30°F.) 
and 4-37-8° (100°F.). 

Tho hydrometer whioh is used for strong 
spirits beyond the range of the ordinary Sikes* 
instrument is known as the ‘ A ’ or * Light hydro¬ 
meter,’ and tables proper to this instrument are 
also issued. It is made of brass, gilded, and 
graduated on the stem similarly to Sikes’ hydro¬ 
meter. When floating at the ‘ 0 * mark in 0 
Bpiiit at a temperature of 15-6°, it indicates a 
strength of 73-5 overproof, or 98-24 p.c. of 
alcohol, whilst the ‘ 10 ’ mark corresponds to 
66-7 overproof, or 92-50 p.c. of alcohol by weight, 
the strength proper to the 4 0 ’ mark on Sikes’ 
hydrometer. 

In the United States of Amerioa Tsalles* 
tables are legalised, and, as in England, revenue 
is raised with reference to a mixture of aloohol 
and water termed 4 proof.’ Amerioan proof 
spirit is defined as containing one-half of its 
volume of Tralles’ alcohol at 15-6°. For Excise 
purposes a series of alcoholometers are employed, 
each having a limited range, and inchoating 
percentages of proof, spirit— 4 0 * representing 
water, ‘g00’ proof spirit and ‘200’ alcohol— 
and readings at temperatures other than ^5-0° 
are corrected by means of tables to what thev 
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. Percentage of 



Indications of hydrometer of 

Indication of 
81kes' hydro- 

British proof 
spirit 

American 

Alcohol 

Alcohol by volume 



Spain 

(Cartier) 

Switier* 

meter at 16-8° 

spirit at 
l5-°6 

weight 

(Ger¬ 

many) 

at 150° 
(France) 

at 15-6° 
(Tralles) 

Russia 

Holland 

• 

land 

(Beck) 

A. 10=63 

Overproof 

8-7 

124-2 

64-2 

61-9 

62-1 


10-1 


17 

64 

7-3 

122-6 

63-4 

61 -1 

61-3 ! 

45-5 

— 

23-1 

— 

66 

6-8 

120-9 

52-5 

60-2 

60-4 | 

— 

— 

— 

— 

66 

4-4 

119-2 

51-7 

59-4 

59-6 

43-5 

9-/ 

— 

15-9 

67 

2 9 

117-6 

50-9 

58-5 

58-7 

— 


22-2 

— 

68. 

1-4 

115-7 

50-0 

57-7 

57-9 

41-5 

9 

— 

15-1 

69 

Underproof 

0-2 

114 0 

49-2 

56-8 

57-0 i 


_ 

*_ 

_ 

60 

1-7 

112-2 

48-3 

55-9 

56-1 

39-5 

— 

21-3 

— 

61 

3-3 

110 5 

47-5 

65 A 

55-2 

—f 

8-3 

— 

14 ‘ 

62 

4-8 

108-7 

46 6 

54-1 

54-3 

37-6 

— 

— 

— 

63 

64 

106-9 

45-8 

53-2 

53-4 

— 

7A 

— 

13 3 

64 

8-1 

105-0 

44-9 

52-3 

52-5 

35-0 

— 

20-1 

— 

65 

9-7 

103-1 

44-0 

61-3 

51-5 

— 

— 

— 

— 

66 

11-4 

101-2 

43-1 

50-4 

50-6 

33 0 

7-2 

— 

12-2 

67 

131 

99-3 

42-1 

49-4 

49-6 ! 

— 

— 

— 

— 

68 

14-9 

97-2 

411 

48-4 

48-6 

316 

6-8 

19 

— 

69 

16-7 

95-1 

40-2 

47-3 

47-5 : 

-— 

— 

— 

11 

70 

18-6 

93-0 

39-2 

46-3 

46*5 " 

29-7 

— 

— 

— 

71 

20-5 

90-8 

38-2 

45-2 

45-4 

— 

6-1 

18-1 

— 

72 

22-4. 

88 6 

37-2 

44-1 

44-3 

27-7 

— 

— 

9-9 

73 

24-4 

80% 

36-2 

43-0 

43-2 

— 

6-7 

— 

— 

74 

26-4 

84-2 

35-2 

41A 

42-1 

25-7 

— 

— 

— 

75 

28-5 

81-8 

34-1 

40-7 

40-9 

— 

— 

16-9 

8-8 

76 

30-7 

79-4 

33-0 

39-5 

39-7 

23 7 

5-1 

— 

— 

77 

32-9 

76-9 

31*9 

38-3 

38-5 

— 


— 

8-1 

78 

35-3 

74-3 

30-7 

36-9 

37-1 

21-8 

— 

16-1 

— 

79 

37-7 

71-4 

29-5 

35-5 

35-7 

— 

4-4 

— 

— 

80 

40-3 

68-6 

28-2 

34-0 

34-2 

19-8 

— 

— 

7 

81 

42 A 

65-4 

26-9 

32-6 

32-7 

— 

4A 

— 

— 

82 

45-7 

62-3 

25-6 

3 LA 

31-2 

17-9 

9 - 

15. 

— 

83 

48-6 

58-9 

24-2 

29-3 

29-5 

— 

3-6 


6 

84 

61-7 

65-4 

22-7 

27-5 

27-7 

15-9 

— 

— 

— 

85 

54 8 

51-7 

21-1 

25-6 

25-8 

— 

— 

14-1 

— 

86 

58-2 

47-9 

19-5 

23-7 

23-9 

13-9 

3-0 

— 

4 A 

87 

61-5 

44-1 

18-0 

21-8 

22 A 

— 

— 

— 

— 

88 

65-0 

40-2 

16-4 

19 9 

20-1 

11-9 


13-3 

— 

89 

68-4 

36-2 

14-7 

180 

18-1 

— 

2-3 

— 

3-8 

90 

71-9 

32-2 

13-1 

16-0 

16-1 

9-9 

— 

— 

— 

91 

75-2 

28-4 

115 

14-1 

14-2 

— 

1A 

12-4 

3-1 

92 

78-4 

24-7 

10-0 

12-3 

12-4 

7-9 

— 

— 

— 

93 

81-4 

21 -3 

8-6 

10-6 

10-7 

— 

1-5 

— 

— 

94 

•84-4. 

17 0 

7-2 

8-9 

9-0 

6 

— 

11-6 

2-1 

95 

87-3 

14-6 

6-8 

7-2 

7-3 

— 

— 

— 

— 

98 

90-0 

11-4 

4-6 

5-6 

5-7 

4 

0-9 

— 

— 

97 

92-6 

8-4 

3-4 

4-1 

4-2 

— 

— 

10-8 

1 

98 

951 

5-6 

2 <2 

2-7 

2-8 

2 

— 

— 

— 

99 

97-6 

2-8 

1-1 

1-4 

1-4 

— 

— 

— 

— 

100 

100-0 

__a, _ 

0-0 

0-0 

0-0 

0-0 

0 

0 

10-1 

0-1 


would be in the same spirit at that temperature. 
In comparing American with British ^roof it is 
necessary to remember that the American gallon 
is smaller than the British Imperial gallon, 
100 British being equivalent to 120 American 
gallons. Consequently, 100 British proof gallons 
are equal to 137 American proof gallons. 

Similarly, in Holland a proof standard is 
recognised. Dutch proof contains 60 p.o. by 
volume of anhydrous alcohol at 16°. As in 
the United States, a series of alcoholometers 
are employed, differing only in regard to the 
range of iheir strength indications. The alco¬ 


holometer scale is divided into 28 principal 
divisions or degrees, which are equal in length, 
and again subdivided, each principal division 
representing ^ of the volume of the instru¬ 
ment below the zero mark. Spirit tables based 
on the results of Baumhauer’s investigations 
accompany the instruments and translate 
degrees on the scale into percentages of alcohol 
at 15* on which the Revenue charge is based. 

In Italy Tralles’ alcoholometer is used 
officially This instalment is made of glass, 
and at*the standard temperature of «15’6* 
directly Indicates the volume of alcohol con- 
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(aimed in 100 volume of spirit when measured 
at the same temperature. Indications at other 
temperatures are corrected by means of tables 
to true percentages by volume at 15-6°. 

In Austria-Hungary an alcoholometer closely 
resembling Tralles’, and indicating percentages 
of alcohol by volume* at 15° is used. Its in¬ 
dications are uniformly higher than those of 
Tralles’ to the extent of from one or two tenths 
per cent. Readings on this instrument are taken 
at the highest point of the capillary meniscus, 
which extends .1-2 him. on the stem above the 
normal surfaoo of the, liquid. 

Tralles’ alcoholometer and tables aro used 
commercially in Russia, but for Revenue purposes 
a metal hydrometer with nine poises similar in 
character to Sikes’ hydrometer is official. On 
this instrument, however, Sikes’ indications are 
reversed, so that 4 100 ’ is made to represent 
strong spirit, and 4 0 ’ distilled water. The hydro¬ 
meter scale is arbitrary, and indications are inter¬ 
preted into percentages by volume of Tralles’ 
alcohol at the standard temperature of 15-6°. 

Previous to the year 1887, Tralles’ instrument 
was also used in Germany. It has now been 
replaced by a system of weight aleoholometry, 
based on Mendcleeff’s data, whereby the pro¬ 
portion by weight of alcohol is determined. The 
official alcoholometers are made of glass, and 
graduated to show percentages of alcohol by 
weight at 15°—apparent percentages at other 
temperatures being converted into true percent¬ 
ages by means of tables. l)uty is, however, 
charged on the volume of anhydrous alcohol pre¬ 
sent in a spirit when measured at 15*0°. This 
system is therefore analogous to the British, with 
the exception that the dominant temperature at 
which British proof-strengths are computed is 10°. 

In France Gay - Luskac’s original volume 
alcoholometer and tables have been corrected 
to the new values for densities of mixtures of 
aloohol and water determined by the 4 Bureau 
national des poids et mesures ’ (1884). The 
density of anhydrous alcohol at 15°/15° is given 
as 0*79433 in vacuum, as against 0*7947 assumed 
by Gay-Lussac, and the difference between 
the graduations of the old and new official 
instruments reaches a maximum of 0*4 p.c. for 
spirits containing from 20 to 21 p.c. of alcohol 
by volume. Thus 20° at a temperature of 
K>° on the new legal centesimal alcoholometer 
indicates spirit containing 20 p.c. by volume 
of alcohol, and corresponds to 20*4® on Gay- 
f Lussac’s original instrument. The French spirit 
tables indicate, at temperatures extending from 
0® to 30°, the percentage by volume of alcohol 
which a liquid contains at 15". 

Previous to the adoption of Gay-Lussac’s 
alcoholometer and tables by the French Govern¬ 
ment, Cartier’s areometer was used as the 
Revenue instrument. Its stem is graduated from 
■* 10 to 45 in divisions of equal length, and in¬ 
dicates the concentration of a spirituous liquid 
by arbitrary degrees, which servo as spirit- 
strengths for charging duty. Cartier’s areometer 
is still used in Spain and South America. 

In Switzerland, Beck’s hydrometer is used 
for spirit assaying, and, like Cartier’s instrument, 
of wnioh it is a modification, floats at tl\e lowest 
indication in distilled water at 12*6° (1(‘°R.). 

Bj means of the above table the indica¬ 
tions of any one of these instruments at 15 6° 


can be converted into degrees of any other, and 
British fiscal strengths oompared with those of 
other countries. 0 

An indispensable step to a correct assay of 
spirit is the removal of any foreign matter which 
may be in solution in the ajpoholio mixture. In 
the caso of potable spirits, wines, liqueurs, &o., 
the spirit is freed from saccharine and other 
dissolvod matter by distillation. The distilla¬ 
tion of a strong spirituous liquid into its own 
volume so as to obtain an accurate determina¬ 
tion of the amount of alcohol present is im¬ 
practicable with the apparatus and the methods 
of distillation commonly used, so that although 
it is possible to distil without lo&B spirits of 
underproof strength into the same volume, it is 
necessary to dilute overproof spirits and distil 
into two, three, or four times the original 
volume. The amount by which the true alco¬ 
holic strength of brandy or rum differs from the 
apparent strength, as indicated by the hydro¬ 
meter or a density determination, is termed the 
4 obscuration.* 

In the case of medicinal preparations, flavour¬ 
ing essences, &c., which yield distillates con¬ 
taining essential oils and volatile substances, 
special treatment is necessary before a pykno- 
metrical determination of spirit is possible.* 
In these circumstances the sample or dis¬ 
tillate is mired with water in a separator so 
that tho mixture shall contain not more than 
20-25 p.c. by volume of alcohol, and common 
salt is added in quantity sufficient to saturate 
the liquid. The mixture is then shaken vigor¬ 
ously with 50-100 c.c. of light petroleum, and 
after remaining a short time, the aqueous layer 
is extracted, if necessary, a second time with 
petroleum (for instance when chloroform or 
ether is present), and finally drawn off into a 
flask and distilled. In the case of soap lini¬ 
ments and similar preparations, dilute sulphuric 
acid is used instead of salt, and the aliphatic 
acids and volatile matters removed by petroleum 
before distilling (Chem. Soc. Trans. 1903, 314). 
Preparations containing iodine are decolourised 
with sodium thiosulphate, and excess of caustic 
soda added to prevent decomposition of tho tetra- 
thionate during distillation. Similarly, volatile 
acids must be neutralised, and aramoniacal liquids 
distilled from dilute sulphuric acid solution. 

For tho estimation of ethyl alcohol in fusel 
oil, or liquids containing fusel oil, the salt- 
petroleum process may be employed, but as 
the higher alcohols cannot be wholly elimi¬ 
nated by this method, the specific refraction 
of the distillate is determined by the Zeiss 
Immersion Refractometer. The refractions of 
mixtures of ef-hyl alcohol and water have been 
determined at various temperatures by Wagner 
and Schultze (Zeitsch. anal. Chem. 1907, 608) 
and others, and a near approximation to the true 
alcoholic content of a fusel oil mixture, treated 
as above described, can be obtained by applying 
to the apparent percentage by volume of alcohol, 
as indicated by the density of the distillate, a 
subtractive correction bf 0*6 p.c. for each degree 
of difference between the refractometer reading 
as found at 15*6®, and that required for a 
mixture of ethyl alcohol and water correspond¬ 
ing to the ascertained density. This method of 
eliminating foreign matters in spirit assaying, 
from a knowledge of their influence on the specific 
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refractions of aqueous alooholio mixtures, is 
capable of wide application, and has been utilised, 
for instance, by Loach and Lythgoe (Amer. Chem. 
J. 1905, 964) for determining the proportion of 
methylated spirits in a spirituous liquid ( v . 
Refraotometer). J. H. 

ALCORNIN or ALCORNOL. An alcohol, 
C 2a H 34 0, of the nature of phytosterol, found in 
Alcomoco bark (Hartwich and Dunnenberger, 
Arch. Pharm. 1900, 341). 

ALCOVINOMETER. An instrument for de¬ 
termining the alcoholic content of a wine by 
observing its ascent in a capillary tube. 

ALDEHYDE, Acetaldehyde C t H 4 0 or 
CHj'CHO. • A product of tho oxidation of 
ordinary (ethylic) alcohol. Aldehvde occurs, 
together with its polyraerides metaldehyde and 
paraldehyde, in the 1 first runnings ’ from the 
stills in the rectification of alcohol which has 
been filtered through charcoal (Kramor and 
Pinner, Ber. 2, 403 ; 4, 787 ; Johnson, J. Soo. 
Chem. Ind. 8,57 ; Hewitt, ibid. 21,97); the best 
yield is obtained from the alcohol manufactured 
from potatoes and from the Bugar beet. It 
is also present m crude wood spirit (Kramer 
and Grodzki, Ber. 9, 1921); in crude pctioleum 
(Robinson, J. Soc. Chem. Ind. 18, 232); in wine 
during the process of ageing (Trillat, Compt. 
rend. 136, 171; idem. Ann. Inst. Pasteur, 22, 
704, 753, 870; idem. ^ull. Soc. chnn. 5, 546, 
550; 7, 71); and in certain ciAjumstances in 
the fermentation products of alcohol (Trillat, 
Compt. rend. 140, 645 ; Trillat and Souton, 146, 
996; Kayser and Demolon, 146, 783 ; Trillat 
and ISouton, Bull. Soc. chim. 7, 244 ; Ann. Inst. 
Pasteur, 24, 302 ; Kostychev, Zeitsch. physiol. 
Chem. 79, 130; 83, 93; 89, 367 ; 92, 402 ; 
Biochem. Zeitsch. 64, 237 ; Kostychev and 
Hiibbonet, Zeitsch. physiol. Chem. 79, 359 ; 
85, 408; Neubey and Kerb, Biochem. Zeitsch. 
43, 494; 64, 251 ; Ber. 47, 2730; Crey, Bio¬ 
chem. J. 7,359; Buchner, Langheld, and Skraup, 
Ber. 47, 2550; Miiller-Thurgan and Osterwald, 
Am. Chem. Abstr. 1916, 2274, 2474). According 
to Battelli and Stem (Compt. rend. soc. biol. 08, 
5) it is produced in animal tissues by oxidation 
of alcohol through tho action of alcoholaso. 
It occurs in poplar blossoms (Kostychev, 
Hubbenet, and Sheloumov, Zeitsch. physiol. 
Chem. 83, 105), and by oxidation of certain 
substances, such as ihamnoso (Rosenthaler, 
Arch. Pharm. 251, 587). Kerbosch (Rec. trav. 
chim. 34, 235) showed the presenco of traces of 
acetaldehyde in the latex of Hevea hruziliensis. 
It is possibly also a degradation product of 
glucose in the animal body, and may be reduced 
to alcohol by the liver (rj. Embden and Baldes, 
Biochem. Zeitsch. 45, 157). 

Aldehyde is also fofmed when calcium formate 
is heated with calcium acetate (Limpricht, 
Annalon, 97, 369), and when lactic acid and the 
lactates are distilled with manganese dioxide 
and sulphuric acid (Stadeler, Annalen, 79, 333); 
or by the action of dilute sulphurio acid alone 
on lactic acid. 

CH,CH(OH)*OOOH = 0H 3 CH0+H000H 

(Erlenmeyer, Zeitsch. f. Chemie, 1868, 343), a 
process used commercially at one time for the 
production of aldehyde for the preparation of 
Aldehyde (Jreen. It is also one of the products 


of the dry (distillation of sugar (Volokel, Annalen, 
87, 303). 

Preparation .—Aldehyde is formed by the 
oxidation of alcohol by means of platinum 
black (Dobereiner, Gm. 8, 274), of manganese 
dioxide and sulphuric acid (Liebig, Annalen, 14, 
133), of potassium diohromate and sulphurio acid 
(Stadeler, J. 1859, .329), of metallic catalysers 
(Bouvoault, Bull. Soc. chim. 1908, 3, 117; 
Sabatier and Sendcrcns, Compt. rend. 136, 738), 
or when alcohol is passed through an iron tube 
heated to 710°-750° (Ipatidf, Ber. 34, 596). 

According to Lang (J. Soc. Chem. Ind. 22, 
571), the most useful oxidising agents for 
converting alcohol to aldehyde Are the manganic 
salts. When prepared by Liebig’s method, 

2 parts of 80 p.c. alcohol are neated with 

3 parts of manganese dioxide, 3 parts of 
sulphuric acid, and 2 parts of water, and 
tho distillation carried on until the distillate 
begins to show an acid reaction; this point 
is reached when about tlqjee parts have col¬ 
lected in the well-cooled receiver. Tho dis¬ 
tillate containing alcohol, acetal and ethereal 
Balts is then distilled with an equal weight of 
calcium chloride, and U parts collected ; this is 
again rectified with an equal weight of calcium 
chlorido and f part distilled over. Tho product 
so obtained is nearly anhydrous, but still contains 
alcohol and small quantities of ethereal salts; 
to free it from those, it is dissolved in 2 vols. of 
ether, saturated with ammonia in the cold, and 
the aidehydo-ammonia which soparates is col¬ 
lected, dissolved in water, distilled with dilute 
sulphuric acid in a water bath, and the distillate 
rendered anhydrous by rectification over calcium 
chlorido at as low a temporature aa possiblo. 

Improved methods and apparatus for oxi¬ 
dising alcohol into ojdchydo are described by 
Boult, Eng. Tat. 3998, 1896; J.» Soe. Chem. 
Ind. 15, 668; Foumior, Eng. Pat. 7887, 1897 ; 
J. Soc. Chem. Ind. 16, 695. 

Ethylene oxide (CH a ) a O (the anhydride of 
glycol) yields acetaldehyde on heating (Nef, 
Annalen, 335, 201), particularly in presence of 
aluminium oxide at 2^0° C. (Ipatieff and Leonto- 
witseh, Ber. 36, 2017). 

It is also produced by treating ethylene 
glycol with Fenton’s reagent, or by treating 
ethylene diamine with nitrous acid (Neuberg 
and Rewald, Biochem. Zeitsch. 67, 127), and 
from pyruvic acid by heating to 150° C. with 
dilute sulphuric acid (Beilstein and Wiegand, 
Ber. 17, 841) 

CH 3 -(JOeOOH = CHj'CHO+CO a ‘ 

A process claimed by the Fabrique de Pro- 
duits de Ckimie Ore. de L&ire (Eng. Pat. 5533, 
1913) consists in heating ethyl halide with 
hojmmethylenetetramino or formaldehyde and 
ammonia. 

Various aliphatic acids, suoh as suocinic, 
glyceric, maleic, fumaric, tartaric, crotonio, &c., 
yield acetaldehyde on treatment with Fenton’s 
reagent in sunlight (Neuberg, Biochem. Zeitsoh. 
67, 501 Behrens (D. R. P. 276764) describes 
the production of acetaldehyde by mixing the 
gases obtained by distilling coal, wood, tur^ &c., 
with 5-6 p.c. of carton dioxide and heating the 
mixture for some tfane. Snelling (U. S. Pat. 
1124347) claims the production of aldehyde by 
passing 4he vapour of ethyl alcohol into a porous 
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earthenware tube, which may be lined with 
platinum or palladium, hcatod to about 800°, and 
drawing off the hydrogen produced in the reaction 
which diffuses tnrough the walls of the tube; 
the emoval of the hydrogen allows the reaction 
to proceed more nearly to completion. 

The most convenient laboratory method is 
that of Sabatier and Sondeiena (l.c.), by passing 
alcohol vapour over metallic copper heated to 
about 300° C. (cf. also Eng. Pal. 17250, 1011). 
Aldehyde is also formed to some extent by 
heating charcoal, saturated with acetylene, to 
350° C. with Water (Degrez, Ann. Cliiin. Phys* 
17] 3, 210). 

Commercially, aldehyde can be obtained 
from the ‘ first ‘runnings ’ of the alcohol stills. 
A special form of still in which the separation 
of aldehyde from alcohol is brought about during 
the rectification of the latter is figured and 
described by Galland (Dingl. poly. 250. 225). 

Production from Acetylene. —Within the last 
few years the commercial production of acet¬ 
aldehyde from acetylene has become increasingly 
important, thereby offering new routes for the 
production of ethyl alcohol, acetic acid, acetone, 
and so on. 

This process depends on the discovery of 
Kutscherow (Ber. 14, 1540; 17, 13), that in 
the presence of mercury salts, such as mercuric 
chloride, acting as catalysts, acetylene reacts 
with water to give acetaldehyde : 

GH; CH+H s O = CHj'CHO 

This result appears to bo duo to the inter¬ 
mediate formation of a compound 

(ClHg) 3 • C'CHO 

(triohlormercuriaoetaldehyde), which is split up 
by water to form mercuric chloride and acetalde¬ 
hyde (Kutscherow, l.c. ; 42, 2751); Reiser, 
Amer. Chem. J. 15 537 ; Biginelli, Chem. Zentr. 
1898, i. 920; Hofmann, Bor. 31, 2212, 2783; 
32, 874; 37, 4459 ; 38, 603; Hofmann and 
Kirmreuther, Ber. 41, 314 ; 42,4232; Blitz and 
Mumm, Ber. 37, 4417; 38, 133; Annalen, 
404, 219; Brame, Trans. Chem. Soc. 87, 427 ; 
Erdmann and Kothner, Zeitsch. anorg. Chem. 
18, 48 ; Behai, Ann. Chim. Phys. (0J 15, 267). 

According to Hofmann (l.c.) the compound 
formed has the structure ; 

Cl-Hgv /Cl 

>c-c< 

Cl-Hg/\/X)l 
' Hg 

and is formed by the addition of two molecules 
of mercuric chloride to one of mercuric carbide 
HgC t , which is then split up by water; 

(ClHg),: C-C : Cl t -f-2HCl-f HjO 

\/ — 3HgCl 2 -fCH 8 CHO 

Hg 

(cf. 8oc. Anon, nouvelle l’Oyonnith, Er. Pat. 
420436). (For further details see Acetylene ) 

The first English patent dealing with the 
Matter is by the Chem, Fab. Griesheim Elektron 
(Eng. Pat. 29073, 1910), according to which alde¬ 
hyde and its polymerisation, products, such as 
paraldehyde and crotonic aldehyde, are produced 
by the reaction of aoetylenetwith a solution of a 
mercery salt in an organic or inorganic* acid at 
a temperature bslow 70° C. Such suitable aci^g 


are sulphuric, phosphoric, acetic, chloraoetic, &c., 
the use of 45 jp.c. sulphuric acid mixed with 
mercuric oxide is also recommended at tempera¬ 
tures below 70°. The Consortium f. Elektroohe- 
misehe Industrie (Eng. Pat. 6000,1913) describe 
a modification consisting in passing acetylene 
through sulphuric acid solutions of mercury 
oxides containing not more than 60 parts SO, 
in 1000 parts of water, and working at tempera¬ 
tures over 70° C. The aldehyde formed distils 
off, and mercury is deposited at the bottom of 
the liquid ; the patent also describes an electro¬ 
lytic process for reoxidising the mercury which 
is gradually deposited by reduction during the 
process. The same firm later (Eng. Pat. 16848, 
1913) claim a process in which an excess of 
acetylene is passed through the catalytic solution, 
the aldehyde formed is carried away in the gas 
stream, from which it is then removed, and the 
acetylene passed back to the catalyst. 

Bayer & Co. (Eng. Pat, 6527, 1914), (void) 
claim a process similar to the foregoing, but in 
which the sulphuric acid is replaced by an organic 
sulphonic acid, such as the sulphonic acids of 
benzene, o-chlorphenol, naphthalene, or the 
corresponding di- or t i sulphonic acids, &c. 
The chief purpose of using such acids is to avoid 
the condensation and polymerisation of thd 
acetaldehyde caused by prolonged action of 
stronger acids such as sulphuric. 

Chem. Fab. Griesheim Elektron (Eng. Pat, 
15669, 1914) describe the use of a 20-35 p.c. 
acid mixed with a mercury salt, the temperature 
being kept below the boiling-point of the acid; 
sulphuric, phosphoric, or organic sulphonic 
acids are specified as suitable. 

G. Boitcau (Eng. Pal . 15919,1914), in dealing 
with the production of a catalytic liquid, pro¬ 
duced by dissolving a mercuric salt in a suitable 
solvent and then forming the sulphate in situ 
by the addition of sulphurio acid, iB chiefly 
concerned with the production of ethylidene 
diacetate. 

A further improvement claimed by the Con- 
sortium(Eng. Pat. 16957,1914) consists in passing 
an excess of acetylene through a hot solution 
containing mercury compounds and so adjusting 
the conditions that a state of thermal equilibrium 
is approximately attained. This is carried out 
by adjusting the rate of flow of the gas and the 
temperature of the reaction vessel, so that the 
heat evolved by the reaction is balanoed by 
the heat lost by evaporation of water and by 
addition of fresh water to keep the volume of 
liquid constant; the reaction may be earned 
out in thermally insulated vessels surrounded by 
a water jacket; a temperature of 80’ is said 
to be suitable, using sulphuric acid of 6-35 p.c. 
strength. 

H. W. Matheson, of the Canadian Electro¬ 
products , Company, describes a process which 
consists in passing acetylene in excess into 
sulphurio acid of 6 p.c. strength containing 
mercuric oxide in suspension, at 40-65° C. and 
at pressures varying from atmospheric to 3-4 lbs. 
above: the process is-made continuous by the 
periodic addition of the necessary amounts of 
water, acid and mercuric oxide. (Eng. Pat. 
132557.) 

To overcome the difficulty caused by the 
gradual separation of mercury as a heavy sludge, 
which is difficult to deal with, Meister, Lucius, 
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andBriining (Eng. Pat. 24153,1914) suggest the 
introduction of suitable oxidising agents to tho 
reaction liquid, sifeh as ferric salts, chromic 
acid, or ohromates, to prevent the separation of 
metallic mercury ( cf . U.S. Pat. 1151928,1151929; 
D. R. P. 293070). 

A method for overcoming this trouble is 
given by T. P. Hilditch and J. Crosfield and 
Sons consisting in the periodic addition of small 
amounts of suitable oxidising agents such as 
manganates, permanganates or hydrogen per¬ 
oxide to reoxidise the sludge to mercuric oxide. 
(Eng. Pats. 124702, 125926.) Lead peroxide, 
ceric oxide and manganese dioxide are also 
claimed (Kn§. Pat. 131086). 

The Consortium (Eng. Pat. 5132,1915) state 
that satisfactory results are obtained by the 
use of solvents, such as glacial acetic acid, mixed 
or not with vinyl acetate, ethylidene diacetate, 
Ac., in the presence of mercuric oxide and 
strong acids; water is added in the theoretical 
proportions and the temperature kept at 80°- 
90°. The use of iron or nickel apparatus is also 
suggested. 

The difficulty caused by tho formation of 
the mercury sludge is also discussed by theChcm. 
Fab. Griesheim Elektron(Eng. Pal. 10140,1915), 
who claim the recovery of tho mercury by 
carbonising the residuo by heat, or by mixing 
the sludge with caustfo soda And electro¬ 
lysing. 

The Soc. Chem. Ind. in Basle regenerate ill© 
catalyst by electrolysis in presence of a suitable 
oxygen-carrier such as an iron salt (Eng. Pat. 
130138). 

H. Dreyfus (Eng. Pat . 105064), in a somewhat 
lengthy claim, states that the production of 
acetaldehyde is conveniently carried out by 
observing one or more of tho following condi¬ 
tion^:— 

(1) Sulphuric acid is employed of 5-20 p.c. 
(2) Less than 20 p.c. of mercury compounds aro 
used. (3) The temperature is kept below 60° C. 
(4) The acetylene is rapidly introduced in such 
quantity that it is all absorbed. (5) The 
acetylene is at first introduced slowly until all 
the mercury compound becomes grey or greyish- 
blaok. (6) After a quantity of aldehyde has 
been formed the introduction of acetylene is 
stopped and the temperature raised to distil off 
the aldehyde, after which the temperature is 
again lowered and more acetylone introduced. 
(7) The acetylene is previously purified from 
sulphuretted hydrogen, phosphine, ammonia, 
Ac. (8) Water is added throughout the reaction 
to keep the percentage of acid constant. (9) 
The absorbing solution is first heated up to 
dissolve all the mercuiy compounds and then 
cooled to the temperature suitable for the re¬ 
action. (10) The mixture of gas and liquid is 
strongly agitated, and the acetylene te intro¬ 
duced under slight pressure ; in place of sulphuric 
acid other acids, such as benzene sulphonic acid 
or phosphoric acid, may be used. The aldehyde 
may be removed from the solution by evacuation 
or by solvents such as acetylene or ethylene 
chlorides or benzene, instead of by distillation. 
The mercury residue may be regenerated by 
treatment with suitable oxidising agents; the 
process may be carried out in lead-lined appa¬ 
ratus, the surface of which is previously coated 

with a. liLvflr nf food oiilnhata nr iiwn unnaratiiB 


lined with acid resisting plates or earthenware 
may be used. The use of suitable heating and 
cooling pipes is also described. The same 
inventor, in a patent of addition to the above 
(Eng. Pat. 106483), claims a modification of the 
principal process, using sulphuric acid of over 
20 p.c. strength and exffacting the aldehyde 
by means of a solvent such as derivatives of 
acetylene, ethylene, or benzene. 

Dreyfus also claims the use of iron-silicon 
alloy vessels for the process, which are resistant 
to hot dilute sulphuric acid £nd to the action of 
mercury (Eng. Pat. 1I5899V 

In £ng. Pat. 107584, the Deutsche Gold and 
Silbcr Scheicfe Anstalt describe a distinctly 
different process, consisting in passing a mixture 
of acetylene and steam over contact agents, 
such as molybdie acid on asbestos, at high 
temperatures; somewhat similar is the proposal 
of Chemisehe'Fabrik Rhenania(Eng.Pat. 109983), 
to pass acetylone and steam over bog-iron ore 
at 400°-420°; in place of bog-iron ore, hydrated 
iron oxide, bauxite, hydrated aluminium silicates, 
or compounds of copper, nickel, oobalt, manga¬ 
nese, chromium,.cerium, or vanadium may be 
used. (('J. also Eng. Pat. 107585.) 

Of latef developments we may note that 
Hibbcrt and Morton (U.S. Pats. 1213486; 
1213487 ; 1247270; Can. Pats. 181655 ; 181656; 
181657) recommend the introduction into the 
catalytic mercury solution of a salt of a weak 
acid, specifically a borate; the absorption of 
the acetylene and the distillation of the acetalde¬ 
hyde is said to be more rapid and complete, and 
the tendency to tho formation of undesirable 
by-products is said to be greatly reduced. They 
also claim the use of several catalytic baths 
arranged in scries so • that the vapours pass 
through them all in succession. 

The Comp, des Produits chim. d'Alais, In 
Eng. Pat. 130650, describe the production of 
acetaldehyde from acetylene in an apparatus in 
which the reaction liquid is subjected con¬ 
tinuously to a vacuum so as to remove the 
aldehyde as formed. . 

As actually carried out on the large scale at 
the Shawinigan works of the Canadian Electro¬ 
products Co., acotylene gas is led into dilute 
sulphuric acid containing mercuric oxide in 
suspension, the oxide being led in continuously 
ana the acetaldehyde removed by the large 
excess of acetylene used : the requisite oxide is 
prepared by electrolysing mercury in large cast- 
iron pots 6 ft. in diameter and 15 ins. high, 
using the mercury as the anode and dilute 
caustic soda as the electrolyte. (Can. Chem. 
J. III. 260 (1919).) 

Substituted acetaldehydes applicable to per¬ 
fumery can be obtained by condensing a ketone 
with a halogen or amino substituted acetic ester 
in tho presence of sodium. The a-hydroxy- 
acrylic ester thus obtained iB saponified and 
decomposed by heat or distillation under reduced 
pressure (J. Soc. Chem. Ind. 23, 455). 

Propertys .—Aldehyde is a colourless liquid 
b.p. 20’8°, m.p. —-1207°, and sp.gr. 0*80092 
at 0° (Kopp, Annalen, 64, 214); 079509 at 10°, 
079138 at 13°, 078701 at 16° (Perkin, Chem. 
Soc. Trans. 45, 475).** It has an extremely 
pungent suffocating odour; it is very inflam¬ 
mable, and bums with a feebly luminous 

fln.nlh. 
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It is soluble in all proportions in alcohol, 
ether, and water, and is separated from the 
ueous 'solution as an ethereal layer on 
dition of calcium chloride. Tt possibly forms 
an addition compound with water 

CHj’CHO-f Hj,0 = CH 3 *CH(0H) a 

(aldehydrol; ethylidene glycol) (Ramsay and 
Young, Trans. Roy. 8oc. 1886, i. 117; Perkin, 
Trans. Ohem. Soc. 61,816 ; Binot and Pickeriug, 
ibid. 71, 774; Homfray, ibid. 87, 913 ; Colics, 
ibid. 89, 124,9). When heated with aqueous 
soda, potash, or barium hydroxide, so-called 
aldehyde resin is dbtained as a brown mass 
(Liebig, l.c.; Y/eidenbusch, Ann&len, CO, J63; 
Lederer, Monatsh. 22, 630). Sodium amalgam 
converts aldehyde into ethyl alcohol, a sraaH 
quantity of 0-butyleneglyccl, which is also 
formed by the action of magnesium amalgam 
(Meunier, Compt. rend. 134, 473; Tistschenko 
and Grigoreeff, J. Russ. Phys. Chem. Soc. 38, 
640; Voronkoff, ibid. 38, 647), being formed 
simultaneously (Kekul6, Annalon, 102, 310). 
With sodium, acetaldehyde reacts violently, 
producing the compound CH a : CII'ONa, which 
rapidly polymerises to a broWp substanco, 
whilst if the reaction takes place in prosence 
of benzoyl chloride in ethereal Solution aldo- 
hydoaldolbenzoate C 13 H 16 04 , m.p. 80° 87% is 
formed ( Freer, Amer. Chem. J. 18,662 ; Annalen, 
293, 326). Phosphorus pentachlorido reacts 
with it, yielding ethylidene dichlorido (Geuther, 
Annalen, 106, 323). With potassium cyanide 
alanine and a-imino dipropionio acid are 
formed (Franzen and Ryser, J. pi. Chom. 88, 
293). 

Reduction of Aldehyde. —In presence of 
reduced nickel hydrogen reduces aldehyde 
to ethyl alcohol, a <good yield and pure 
product being obtained (Sabatier and Senderens, 
Compt. rend. 137, 301). Modifications of 
this process have been worked out and 
patented. Thus, H. Dreyfus (Eng. Pat. 108850) 
describes the production of ethyl alcohol by 
the action of hydrogen on acetaldehydo in the 
presence of suitable catalysts such as platinum, 
platinised asbestos, copper, iron, chromium, 
nickel, cerium, uranium, vanadium, and their 
oxideB, &c. The reaction is carried out by 
passing the mixture of hydrogen and aldehyde 
vapour through reaction vessels or tubes at 
temperatures ranging from the boiling-point of 
aldehyde to 400° C., and condensing the product. 
The Elektrizitiits Werke Lonza (Swiss Pat. 
74129, 1917) claim tho production of alcohol by 
assing aldehyde vapour and a largo excess of 
ydrogen over a heated catalyst (Eng. Pat. 
120163; cf. also 128929). It is understood 
that the last-named firm has been granted 
a concession from the Swiss Government to 
manufacture 7000 tons of alcohol a year from 
calcium carbide at their works at Visp in tho 
Rhone Valley, and are to supply not less 
than 2500 tons alcohol to the Government 
J. Ind. and Eng. Chem. 1917, 903). An 
acetic acid factory is also being constructed at 
Wallis. 

For the production of one ton of alcohol by 
this process about one ton calcium carbide is 
necessary, and 500 cubic metres of hydrogen; 
fch% former requires some 8000 kw. ‘hours and 
the Utter about 3000 kw. hours, in addition 


each ton alcohol requires 2600 kg. of ooal 
and 4000 kg. limestone (Chem. Ind. 1917, 
335). 

Oxidation of Aldehyde .—With potassium 
permanganate, acetic acid is formed, but in 
presence of excess of potash, oxalio and carbonio 
acids are also formed (Denis, Amer. Chem. J. 
38, 561). 

It has been found possible to oxidise acetalde¬ 
hyde on a commercial scale by means of oxygen 
or air in the presence of a suitable catalyst. 
The various patented processes may be divided 
into two classes :— 

(1) Where air or oxygen is passod into tho 
liquid aldehyde contaimng a dissolved catalyst. 

(2) Where the two substances are passed 
over a heated catalyst. 

(1) The Consortium f. Elektrochemische In¬ 
dustrie (Eng. Pat. 16849,1913) claim the produc¬ 
tion of per-acetic acid by treating acetaldehyde 
with oxygen at a low temperature, preferably 
with the exclusion of injurious impurities, such 
as water and manganese compounds. The 
reaction is said to be facilitated by the use of 
chemically active rays. On allowing pcr-acetic 
acid obtained from acetaldehydo to attain the 
room lompcrature it is decomposed by the 
remaining aldehyde into acetic acid. ? 

(From this it would seem possible that ill 
the various processes uext to be described, the 
first stage m the production of acetic acid is 
the addition of oxygen to form per-acctic acid 
CHa’CHO-hOa—CH 3 '(!HO'O a , which then reacts 
with acetaldehyde, yielding acetic acid : 

CH 3 -CHO*O a -fCH 3 -CHO=2CII a -COOH.) 

Tho same patentees next doscribed (Eng. Pat. 
17016, 1913) the production of acetic acid by 
oxidising aldehyde by means of air or oxygen 
in the presence of a manganese compound acting 
as a catalyst. Tho catalyst is preferably 
employed in* tho dissolved or colloidal condition 
which may be prepared by introducing per¬ 
manganates into tho aldehyde when reduction 
takes place to a catalytically active brown 
liquid. 

In Eng. Pat. 17018, 1913, the Consortium 
describe a modification of Eng. Pat. 16849,1913, 
consisting in obtaining per-acids by adding 
cortain metal salts, other than manganese com¬ 
pounds, such as compounds of chromium, 
cobalt, iron, uranium, and vanadium. The use 
of ferric aoetate is claimed by Th. Dreyfus in 
Eng. Pat. 130035. 

A further modification of Eng Pat. 17016, 
1913, is claimed by the Consortium (Eng. Pat 
7418, 1914), consisting in substituting tor per¬ 
manganates the formate, acetate, butyrate, 
benzoate, lactate, or *other organio salt of 
manganese. 

Meigter Lucius and Briining (Eng. Pat. 10377, 
1914) assert that greatly improved results are 
obtained by passing in the air or oxygen under 
pressure; thus, for instance, oxygen at a 
pressure of two> atmospheres is passed into 
acetaldehyde containing 1 p.c. by weight of 
ceric oxide; the temperature rises to 50°-60 3 , 
and cooling is necessary. Yields up to 95 p.c. 
are claimod; as catalysts are mentioned also 
ferric oxide, vanadium pentoxide, chromium 
oxide, and platinum black. A table ia given, 
showing the influence of pressure :— 
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Acetio Acid obtained p.o. or Theoretical 
Yield. 

• 

With With pressure 

With catalyst. pressure, aud oatalyst. 

After 1 hour, 4 p.o. 5 p.o. 35 p.c. 

After 5 hours, 10 p.o. 20 p.c. 95 p.c. 

A somewhat different process is given in 
Eng. Pat. 14113, 1914, by the Chemische Fabrik 
Griesheim Elektron, consisting in manufacturing 
acetic acid by passing acetylene and oxygen 
alternately or simultaneously into acetic, 
chloracetic, lactic, or other organic acid con¬ 
taining water, to which has boon .added a mer¬ 
cury compovftid with or without the addition of 
bisulphate, sulphuric acid, Ac. Aldehyde is 
iirst formed when passing in acetylene, and is 
then oxidised to acetic acid by’ the oxygen 
subsequently introduced. Tins proceeding sounds, 
however, somewhat dangerous, and is probably 
less easily controlled than the others. The 
B.A.S.F. claim a process for carrying out the 
oxidation by means of air or oxygon in presence 
of iron compounds and organic salts of alkalis 
and alkaline eartlis, including magnesium and 
aluminium (D. K. P. 294724). 

(2) The second method is described by the 
Chcm. Fab. Griesheim Elektron (Eng. Pat. 17424, 
1911), and consists in adding acetic acid, chlor- 
acotic acid, or acetic anhydride to^he aldehyde 
before the commencement ot the oxidation. A 
catalyst such as vanadium pentoxido, uranium 
oxide, or roasted ferrosoferric oxide, Fe s 0 4 , 
facilitates the reaction. The process may be 
conducted in tubes or towers, &c., packed with 
glass or clay. In an addition to this patent 
(8076, 1912) an improvement is claimed con¬ 
sisting in treating small quantities of aldehyde 
with oxygen in vessels, tubes, towers, &e., until 
the greater part is oxidised to acetic acid, and 
then adding further quantities of aldehyde and 
passing a stronger current of oxygen, whereby 
oxidation proceeds rapidly. The process may 
be accelerated by the addition of a catalyst, such 
as those already mentioned. 

H. Dreyfus (Eng. Pal. 105065) claims the pro¬ 
duction of acetic acid by passing a mixture of 
aldehyde vapour with air or oxygen through 
vessels or tubes containing contact substances, 
such as platinised asbostos, preferably at a 
temperature above the boiling-point of acetic 
acid; the mixture of aldehyde vapour and air 
or oxygen may be preheated to a suitable 
temperature before entering the contact appa¬ 
ratus ; the heat of the gases issuing from the 
contact apparatus may be utilised for this 
purpose, the process being carnod out in appa¬ 
ratus similar to that employed in the manu¬ 
facture of sulphuric anhydride by the contact 
process. 

The same inventor in a later patent (Eng. 
Pat. 108459) describes a further modification of 
the previous process consisting in oxidising acet¬ 
aldehyde by means of air or oxygen at temper¬ 
atures of 160 o -250° 0. either ' in presence or 
absenoe of a catalyst. Suitable catalysts are 
stated to be: platinum, copper, copper oxide, 
chromium oxide, uranium oxide, vanadium 
oxide, cerium oxide, iron, pumice, &c. The 
gases are preferably caused to travel through a 
long path m the reaotion apparatus, and the air 
employed is preferably in excess of the theoretical 


amount. Further improvements given in Eng. 
Pat. 110546, by the same patentee, are chiefly 
concerned with minor details; thus the mixture 
of aldehyde vapour and air may be obtained by 
passing air through liquid aldehyde and passing 
the mixture into the reaction chamber; or 
liquid aldehyde may be vaporised by a current 
of air in the bottom of the reaction chamber 
itself, the latter being provided with suitable 
agitators. The temperature of the liquid 
aldehyde or of the air may be regulated so as to 
control the composition of th8 mixture of vapour 
and gas, or the liquid aldehyde may be suitably 
diluted, say, with acetic acid for the same 
purpose. ThS Jiquid acetic acicffonned collects 
in a suitable part of the apparatus and flows 
away, while the issuing gas containing aldehydo 
may bo treated again, or the contained aldehyde 
may be recovered and re-used (cf. Fr. Pat. 
479656, and additions 20201, 20202). 

In Eng. Pat. 116279, S. Utheim claims the 
production of acetic acid from aldehyde by the 
action of oxygen under pressure, the aldehydo 
being supplied to the oxygen in a confined space 
in limited quantities, e.g. in a number of narrow 
tubes with suitable cooling. Whilst, the Comp, 
dcs Prod. chim. d’Alais describe the oxidation 
as taking place in suitable towers by means of 
air or oxygen in absence of a catalyst, the 
product being heated continuously to destroy 
any peracetic acid formed (Eng. Pat. 130651). 

The process described in Eng. Pat. 109983 by 
the Chemische Fabrik Ithenania falls into a 
somewhat different category, as it deals with the 
direct production of acetic .acid from acetylene 
by passing the latter, mixed with steam, ovor 
partially reduced bog iron-ore; the process 
does not, however, appear to be of much import¬ 
ance owing to the poorVield. 

Hibbert (li.S. Pat. 1230899 ; Can.^at. 178237) 
recommends the use of wood charcoal previously 
saturated with strong acetio acid to promote 
the reaction between acetaldehyde and oxygen, 
uaing it as a packing for towers through which 
the mixture is passer^ A 90 p.c. yield of 70 
p.c. acid is obtained, working at 46° C. 

W. H. Matheson, of the Canadian Electro¬ 
products Co., Shawinigan Fall, Quebec, states 
that the oxidation process carried out at these 
works is done in aluminium vessels, as copper, 
iron, etc , arc unsuitable and have led to violent 
explosions (Can. Chem. Jour. III. 260 (1919). 
Those works manufactured synthetic acetone and 
acetic acid for the British Government during 
the war, and from Nov., 1917, to Nov., 1919, 
about 10,000 tons glacial acetio acid were 
shipped to England, chiefly for tho manufacture 
of acetylcellulose for aeroplane dope; at the 
time gf the Armistice (Nov. 11, 1919), the plant 
had been enlarged to produce about 1600 tons 
or month at a total capital cost of about 
800,000. According to A. F. Cadenhead (Can. 
Chem. Jour. III., 268 (1919)), one ton of carbide 
produces on an average about half a ton of 
acetic acid. 

When subjected to electrolysis in faintly 
alkaline or neutral solution ft is decomposed into 
alcohol aiid acetio a&ds (Slaboszewicz, Chem. 
Zentr. 1903, i. 279; Law, Chem. Soo. Trans. 
1905, 198»; Jackson and Laurie, ibid. 1906, 
156), whil^i when heated alone to high temjllra- 
tures carbon monoxide and methane are the 
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chief products (Bone and Smith, Them. Soc. 
Trans. 1905, 910; Ipatieff, Chem. Zentr. 1906, 
ii. 87; Nef, Ann. 318, 198). Action of silent 
electric discharge (c/. Besson and Fournier, 
Compt. rend. 150, 1238). Action of ultra-violet 
rays (Berthelot and Gaudechon, Compt. rend. 
m, 233). * 

Acetaldehyde and its dimethyl derivative 
have antiseptic properties (Coblenz, J. Soc. 
Chem. Ind. 17, 728; Pasqualis, Chem. Zentr 
1897, ii. 10, 12). It is also usoful in photo¬ 
graphic developing (Seyewetz, Bull. Soc. chim. 
19, (3) 134), and J>he vapour or solution in 
alcohol or benzene slowly hardens dry gelatine 
filmB (Beckmalin, Chem. Zont%.*1896, ii. 930; 
D. R. P. 116446; 116800). 

Production of synthetic rubber indirectly 
from aldehyde, *ee Dubosd; (Caoutchouc et 
Gutta Percha, 9, 6608, 0713). In presence of 
alumina at 400° isopropyl alcohol condenses 
with aldehyde to give a good yield of piperylonc 
(Ostromisslensky, J. Russ. Phys. Chem. Soc. 
47, 1507). By passing aldehyde and alcohol 
vapours over heated catalysts, such as alumina, 
phosphorio acid, &c., butadiene is formed 
(Ostromisslensky, J. Russ. Phys. Chem Soc. 
47, 1494, 1509). Precipitated alumina is 

specially noted as, heated to !ifi9°-460°, a 
16-18 p.c. yield of pure erythrene is obtained. 

Aldehyde readily polymerises in the presence 
of small quantities of various substances, such 
as sulphuric aoid, phosgene, zinc chloride, 
hydrogen chloride, sulphur dioxide, the halogens, 
particularly iodine, &c., and two compounds 
are obtained the relative quantities of which 
depend upon the temperature; the chief pro¬ 
duct being metaldehydc (C 2 H 4 0) 8 (Hanriot and 
Oeconoraides, Ann. Chem. Phys. [5] 25, 227 ; 
McIntosh, Chem. So6. Trans. 1905, 790; 
Zecohini, Tlazz. chim. ital. 22, ii. 586), when 
the action takes place in a freezing mixture; 
and the isomerio 'paraldehyde (elaldohyde) when 
it occurs at the ordinary temperature. 

Paraldehyde (C 2 H 4 0) 3 is prepared from 
acetaldehyde by the addition of a drop of con¬ 
centrated sulphuric acid, the liquid boiling up 
at onoe with almost explosive violence; the 
product can be purified either by freezing out 
Wow 0° and removing the liquid portion, or 
by washing with a little dilute sodium carbonate 
solution, drying over calcium chloride and 
fbetifying (Fehiwg, Annalen, 27, 319 ; Werden- 
buach, tbid. 66, 155; Geuther and Cartmell, 
ibid. 112, 17; Geuther, Zeitsch. f. Chemie, 
1865, 32; Lieben, Annalen, Suppl. 1, 114 
1861-2 ; Kekul6 & Zincke, Annalen, 162, 143 ; 
Briihl, ibid. 203, 26, 43; Franchimont, Rcc. 
trav. chim. 1, 239; Desgrez, Bull. Soc. chim. 
11, [3], 362; Wachhausen, Chem. Zentr # 1897, 
1, 493; Ciamician and Silber, Ber. 35, 1080). 
Polymerisation is also caused by halogen 
hyaracids (Macintosh, J. Amer. Chem. Soc. 
'28, 588). In the latter case addition products 
are formed, e.g. (C a H 4 0) s *3HCl, m.p. —IS 0 ; 
{C a H 4 0),'3HBr, m.p. - 15°; (C a H 4 0) 8 -3HI, 
liquid Wow —32°. Paraldehyde is a clear 
mobile colourless liquid of pleasant odour and 
sharp taste, b.p. 124°, JB I0 0 994, ni.p. 12*5°. 
It possesses the same molecular weight also in 
- the vapour phase, and in solution (Patera and 
!Naiini, Ber. 19, 2529; Carrara apd Terrari, 
Gazz. chim. ital. 36, i. 426). It is sparingly 
soluble in witter, lOOvols. water at 13° dissolving 


12 parts paraldehyde, the solubility diminishing 
on warming ; it does not sh^w the characteristic 
aldehyde reactions; thus it does not reduce 
ammoniacal silver nitrate, does not resinify on 
heating with aqueous potash, and does not 
unite with ammonia or bisulphites; its formula 
is therefore assumed to be : 

O—CH—CH* 

ch 3 -ch<( >0 

X 0—CH-CH, 

On warming with a little sulphuric acid it is 
readily depolymerisod completely ^nto ordinary 
aldehyde; many other reagents also produce 
the same effect; it may also occur on very long 
standing (Troeger, Ber. 25, 3317). Owing to 
the ease of depolymerisation paraldehyde is 
frequently made use of in place of aldehyde for 
many reactions whero the monomolecular form 
is inconvenient to use owing to its low boiling- 
point. 

Thus it condenses with diacetoncamine to 
form vinyldiacetoncamine (E. Fischer, Ber. 17, 
1793; 0. Harries, Ber. 29, 522); with aniline 
to form quinaldine (D. R. P. 24317; 28217 ; 
35133; Eng. Pal. 956, 1883; 4207, 1883), and 
with hydroxyquinol to form yellow dyes (Lieber- ’ 
mann and Lcndenbaum, Ber. 37, 1171, 2728). 

Paraldehyde sets* free iodine from alkali 
iodides (Wachhausen, Chem. Zentr. 1897, i. 
493). It is not attacked by pure nitric acid, 
but is readily oxidised if nitrous acid be present 
(Behrens and Schmitz, Annalen, 277, 313, 335). 

Smits and de Lceuw assume the existence of 
an equilibrium of a pseudo-ternary system of 
aldehyde-motaldehyde-paraldehyde, the values 
for the different components varying according 
to the catalyst (Smits and de Leeuw, K. Akad. 
Wctenschapen, 1910, 318; Amer. Chem. Abstr. 
1911, 1862; Zeitsch. physiol. Chem. 77, 268). 
Paraldehyde is used to some extent as a sopo¬ 
rific. 

Metaldehydc crystallises in needles or tetra¬ 
gonal prisms, sublimes without previous fusion 
at 112-115°, and when heated m sealed tubes 
at 120° is entirely reconverted into ordinary 
aldehyde (Friedel, Bull. Soc. chim. 9, (3) 384). 
According to Troeger (Ber. 25, 3316), after 
standing for ten years a sample was converted 
into aldehyde and paraldehyde, but according 
to Hantzsch and Oechslin (Ber. 40, 4341), 
metacetaldehyde is not isomerio with paracet- 
aldehyde, and is quite stable when pure. 
Orndorif and White (Amer. Chem. J. 16, 43) 
state that when it is allowed to stand for 
some time the metaldehyde is converted into 
tctraldehyde (C 2 H 4 Q) 4 .* 

Neither polvmeride is resinised by aqueous 
soda or potash, but in other reactions they 
behave^cnerally as ordinary aldehyde and yield 
similar products (Kekul6 and Zincke). 

Formation of Acetic Ester.— Another im¬ 
portant change of the nature of polymerisation 
takes place under certain conditions, oausing 
the formation of acetic -ester in excellent yield. 

Tischtschenko (J. Russ. Phys. Chem. Soc. 
38, 398-418 ; Chem. Zentr. 1906, ii. 1309, 1552) 
proposes the following method of working: 
Acetaldehyde is cooled down to —20° C., 
uncrushed aluminium ethylate is added, and 
the mixture allowed to stand for several data 
or weeks. On the basis o^hia experiments a* 



decided that the yield of acetic ester increases 
with the amount of alcoholate added but only 
to a certain maxinWm limit, namely 89*1 p.c. 
of ester (using 16 p.c. of aluminium ethylate), 
and that it is necessary to use the alcoholate in 
lumps; he also concluded that by using small 
quantities of the catalyst the yield of ester 
is lessened, with increased formation of by¬ 
products, and when only about 4 p.c. alcoholate 
is used the formation of by-products predomi¬ 
nates over the ester condensation. 

The Consortium f. Elektrochemisehe Indus¬ 
trie found later (Eng. Pat . 20826,1013) that the 
various drawbacks could be overcome by adding 
to the alumlhium alcoholate certain catalytic 
substances, suoh as tin ohlor-ethylate, which 
are without catalytic activity themselves but 
increase the power of the alcoholate very 
greatly; thus, in an example, 150 parts anhy¬ 
drous aldehyde were cooled down to 0° C., and 0 
parts of aluminium eth via te previously fused with 
10 p.c. of tin chlorethylate (from 20 parts tin 
tetrachloride and 14 parts absolute alcohol) were 
added during half an hour, with vigorous stirring 
and efficient cooling. After ten hours the odour 
of aldehyde had disappeared and the product 
was distilled, 96 p.c. of almost pure acetic ester 
coming over between 74° C. and 80° C. A 
comparative experiment in which the stannic 
chlorethylate was omitted gave oqiy a 19 p.c. 
yield. In Eng. Pat. 26820, 1913, by the same 
firm, a further improvement is claimed, using 
instead of anhydrous aluminium ethylate, the 
same body treated with a small quantity of 
water or with substances containing water, in 
particular aluminium hydroxide. In an example 
the following figures are given:— 

Yield of 

Kind of alcoholate. Al. content, ester. 

Untreated . . . . 17*7 p.c. 21 p.c. 

Fused with a little water 21-0 p.o. 87 p.c. 

Untroated . . . . 17 7 p.c. 23 p.c. 

Fused with Al(OH) 3 . 24-8 p.c. 85 p.c. 

The further improvements claimed in Eng. 
Pat. 4887, 1916 [idem.) consist in increasing the 
activity of the catalyst by dissolving in the 
melted. alcoholate suitable substances such as 
dehydrated potash alum, dehydrated copper 
sulphate or camphor, or by supercooling the 
alcoholate, e.g. by melting and cooling rapidly 
by pouring into a solvent or on to a metal 
plate. Ethyl acetate is of special use as a 
solvent; the mixture of melted alcoholate and 
added substances mentioned above may also 
be dissolved in ethyl aoetate; the solutions 
may be employed hot, or may be allowed to cool 
with partial separation of the alcoholate from 
solution. . 

Meister, Lucius and Briining describe (Eng. 
Pat. 1288, 1916) the production of acetic ester 
from aldehyde by means of aluminium aloohoiate, 
the latter being dissolved in a suitable organic 
solvent such as dry solvent naphtha. 

(Aluminium Alcoholate. —The production of 
this catalyst is described by Farbw. v. Meister, 
Lucius, and Bril nine in D. R. P. 286696, and 
addition 293613, ana in 289157. According to 
those specifications aluminium ethoxide is 
obtained in good yield from aluminium and 
anhydrous alcohol if, in presence or absence of 
halogen alkyls or iodine, small amounts of 
mercuric chloride are added as a catalyst; other 
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'alcohols may be substituted for ethyl aloohol, 
yielding the corresponding alcoholates. 

Upon subsequent vacuum distillatioh for the 
purpose of purifying the crudo product, the 
aluminium ethylate goes over readily without 
bumping, solidifying to a snow-white mass, 
while mercury is not carried over with it. .Or 
the ethylate may be distilled under atmospherio 
pressure without decomposition if the vapours 
are rapidly withdrawn from further super¬ 
heating. This may be effected by employing 
a low form of distilling vessel whereby con¬ 
densation in the upper part of the vessel is 
prevented.) 9 

Reactions.— Aldehyde in aqueous solution 
very readily reduces an ammomacal solution of 
silver nitrato giving a bright metallic mirror. 
Acetaldehyde (and all aldehydes which are 
stable in aqueous soda solution) can be de¬ 
tected by adding to a solution of the suspected 
substance in dilute alkali a fresh solution of 
1 part of paradiazobenzenesulphonio aoid in 
60 parts of water rendered alkaline with a little 
soda, and then some sodium amalgam; if an 
aldehyde is present, a reddish-brown colour is 
devoloped after the mixture has stood for 10-20 
minutes (Penzoldt and Fischer, Ber. 16, 657). 

A solution of rosaniline decolourised by sul¬ 
phurous acid (Villiers and Fovolle, Compt. rend. 

119,75), or magenta bleached by sunlight (Blaser, 
Chem. Zentr. 1899, ii. 848), regains its original 
colour on addition of an aldehyde (Denigfcs, 
Compt. rend. 160, 629). This reaction is due to 
the formation of coloured compounds by the 
condensation of the aldehyde and magenta 
(Urbain, Bull. Soc. chim. 1896, iii. 15, 465). 
With salts of m-diamines aldehydes give coloured 
solutions with intense greenish fluoresoence 
(Bitto, Frdl. 36, 369)? With sodium nitro- 
prusside and alkali, acetaldehyde gives a 
cherry-red coloural ion, whilst if tn-methylamine 
is first added a blue colour is produced (Bittoi 
Annalen, 267, 372; 269, 377; Denigfes, Bull. 
Soc. chim. 17, (3) 381 ; Simon, Compt. rend. 
125, 1105 ; Bull. Soc. chim. 19, (3) 297). Thio- 
semicarbazide mixed wifffi an aldehyde in acetic, 
alcoholic, or aqueous solution yields character¬ 
istic thiosemicarbazones. Acetaldehydethio- 
semicarbazone has m.p. 146° (Freund and Schan- 
der, Ber. 35, 2602). Phenylhydrazone a-form, 
m.p. 98°-101°; 0-form, m.p. 57° (Lockemann 
and Liesche, Annalen. 342, 14; Laws and 
Sidgwick, Trans. Chem. Soo. 99, 2086). 
Toschi and Angiolani (Gazz. chim. itaJ. 46, 
i. 206) recommend the use of 4-4'-diphenyl- 
semicarbazide, the acetaldehyde derivative 
having m.p. 133°-134°. 

Otner tests for aldehydes are described by 
Ihl, Chem. Zeit. 14, 1571; Doebner, Ber. 27, 
352, 2020; Lumiere and Seyewetz, Bull. Soc. 
obim. 19, (3) 134; Rimini, Atti Real. Acad. 
Lincei, 1901, 10, 355 ; Murco, Compt. rend. 31, 
943 ; Riegler Frdl. 42, 168; Behrens, Chem. 
Zeit. 20, 1125; Sadtler, J. Soc. Chem. Ind. 
23, 387 ; Prud’homme, Bl. Soc. Ind, Mulhouse, 
1904, 74, 169; Leys, J. Pharm. Chim. 1905, 22, 
107 ; Auld and Hantzsoh, Ber. 38, 2677. 

Quantitative Estimation. — Cf. Rieter, Chem. 
Zentr. 1896, ii. 368; , Rocques, Compt. rend. 
127, 526,* 764.; Seyewetz and Bardin, Bull. 
Soc. chim. [3] 33, 1000; Colles, Trans. Clfcm. 
Soc. 89, 1249. Colorimelrio estimation, Paul, 
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Zeitsch. f. anal. Chem. 35, 049; Tolman, J, 
Amer. Chem. Soo. 28, 1024; by means of 
pyrrole, 'Sobolev and Saleski, Zeitsch. physiol. 
Cnem. 69, 441. Estimation in presence of 
paraldehyde, Richter, Pharm. Zeit. 57, 125; 
Heyl, ibid. 28,166,720. In presence of acetone, 
Hagglund, Zeitsch. anal. Chem. 63, 433. 

Condensation Products. —Aldehyde readily 
yields condensation compounds; thus when 
allowed to remain in the cold with dilute hydro¬ 
chloric aoid, or with aqueous solutions of zino 
chloride or of salts having an alkaline reaction, 
suoh as potassium carbonate, aldol is obtained. 

The Dupont do Nemours Powder Co. describe 
(Eng. Pat. 172fc>9, 1911) the production of ace- 
taldol by means of a solution of alkali or alkaline 
carbonate, borate, phosphate, or cyanide; the 
acetaldol so produced may Jjo extracted with 
ether; or the solution may be reduced by 
aluminium amalgam to yield butylene glycol. 
A further patent by the same firm (Eng. Pat. 
22621, 1912) claims the production of aldol by 
treating aldohyde with an alkaline substance, 
suoh as an alkali hydroxide or salt, sodium 
ethylate &c., dissolved in a solvent containing 
little or no water. Ethyl alcohol is mentioned 
as a suitable solvent (c/. also Swiss Pitt. 64932 ; 
U.S. Pat. 1161113). 

The Consortium f. Eletrochemische Indus¬ 
trie in Eng. Pat. 19463, 1913, claim the produc¬ 
tion of aldol by treating aldehyde in the absence 
of water with a small quantity of an alkali oi 
alkaline earth metal, or alloy or amalgam (hereof, 
or with their compounds with aldohyde or with 
other compounds of these metals 1 hat are soluble 
in aldehyde, such as the alcoholat sor cyanides. 
By slow distillation in vacuo aldol is obtained, 
and by slow distillation at ordinary pressure 
crotonio aldehyde is formed. Organo-metallic 
compounds are formed by adding alkali and alka¬ 
line-earth metals to aldehyde in the absence of 
water (c/. also D. R. P. 269996). 

According toN. Griinstein (Eng. Pat. 101636) 
aldol and other condensation products are ob¬ 
tained from acetaldehyde by treating the latter 
■with quicklime or strontia; the reaction is 
facilitated by the addition of a trace of water. 
The condensation can also be effected by means of 
other condensing agents, such as alkalino earth 
metals or their carbides, such as 'calcium 
carbide, mixed or not with the oxides; the 
aldehyde is preferably introduced during the 
process. The aldol produced can bo distilled 
in vacuo. Hibbert describes the production 
of aldol by dissolving aldehyde in gasoline and 
treating the solution, after cooling to —10°, 
with potash or caustic soda (U.S. Pat. 1086048). 

Crotonaldehyde is formed when it is heated 
with oonoentrated hydrochloric acid (Kekul6, 
Annalen, 162, 92 ; Kling and Roy, Compt? rend. 
144, 1111; Zeisel and v. Bitto, Monatsh. 29, 
691), or with concentrated sulphuric acid (Del6- 
pine, Compt. rend. 133, 876; 147, 1316; Bull. 
Soc. ohim. 27 [31 7). 

Aldehyde has also been condensed with other 
aldehydes and ketones (Wallach, Chem. Zentr. 
89$, ii. 1024; Schmalzhoffer, Monatsh. 211, 
671; Wogrinz, ibid. 22f 1; Weiss,- ibid. 26, 
1066 ; Schachner, ibid. 20, 66 ; Salkinjl, J. Russ. 
Phys. Chem. Soc. 37, 484; Rainer* Monatsh. 
26,*1085; Ehrenfreund, ibid. 26, 1003); with 
amines (Eibner and Peltzer, Ber. *33, 3460; 


Eibner, Annalen, 328, 121 j Knoevenagei, Ber. 
37, 4461); with rhodanio and substituted rho- 
danio acids forming stable* dyeing compounds 
(Andreasoh and Zipser, Monatsh/24, 499; 26, 
1191 ; Zipser, ibid. 23, 692 ; Stachetz, ibid. 
26, 1209; Bergellini, Atti Real. Acad. Lincei, 
16, 35, 181; Andreasch, Monatsh. 27, 1211; 

29, 399 ; Wagner, ibid. 27, 1233); with methyl 
ketolo forming leuco- bases of the dyes of 
roaaniline type (Freund and Lebach, Ber. 

36, 308; Freund, Ber. 37, 322); with indole 
dyes, also forming leuco- bases (Loew, Ber. 36, 
4320); with cyanides and oyanacetic esters 
(Claisen, Ber. 25, 3104 ; Barbier and Bouveault, 
Compt. rend. 120, 1269 ; Kohn, "Monatsh. 19, 
519 ; Wade, Chem. Soc. Proc. 1900, 156 ; Bertini, 
Gazz. chira. ital. 31, i. 265; Fiquet, Bull. Soc. 
chim. 7, (3) 767); with phenyl hydrazones 
(Fischer, Ber. 29, 793 ; 30, 1240 ; Peohman, Ber. 
31, 2123 ; Bamberger and Pemsel, Ber. 30, 85 ; 
Lockmann and Liesche, Annalen, 342, 14; 
Medvedoff, Ber. 38, 16646, 2283; Maurenbrecher, 
Ber. 39,3583 ; Laws and Sidgwick, Trans. Chem. 
Soc. 99, 2086); with o-hyaroxy nitroso com¬ 
pounds pyrazine derivatives are formed (Lange, 
Ber. 42, 674). Substances capable of use in 
perfumery can bo obtained by condensing alde¬ 
hydes with negatively mono- substituted acetic 
acids in presence of ammonia or a primary or 
secondary a^nine (J. Doc. Chem. Ind. 24, 689, 
1323). (For compounds of other substances 
with aldehydes, see Hooker and Camell, (’hem. 
Soc. Proc. 1893, Fischer, Ber. 27, 165; Claisen, 
Annalen, 237, 261 ; Conneler, Chem. Zeit. 20, 
585 ; Kietrciber, Monatsh. 19, 735 ; Bamberger 
and Muller, Ber. 27, 147; Rassow, J. pr. 
Chem. 172, 136, 129; Betti, Gazz. chim. ital. 

30, ii. 310 ; 33, i. 27 ; Koenigs, Ber. 34, 4336 ; 
Moureu and Desmots, Compt. rend. 134, 365; 
Knoevenagei, Ber. 36, 2136; Hann and Lap- 
worth, Chem. Soc. Trans. 1904, 46 ; Simon and 
Conduct, Compt. rend. 138, 977; Darzens, 
Compt. rend. 142, 214; Eissler and Pollock, 
Monatsh. 27, 1129; Rolla, Gazz. chinf. ital. 

37, 623 ; Senier and Austin, Chem. Soc. Trans. 
1907, 1233 ; Wohl, Ber. 40, 4679 ; Braun, Ber. 
41, 2169 ; Zeisel and Bitto, Monatsh. 29/ 591.) 

Additive compounds .—Aldehyde not only 
shows a strong tendency to yield polymerides 
and condensation compounds, but unites directly 
with a large number of substances. 

(1) Compounds with alcohols (v. Acetals). 

(2) Compounds with acids :—Geuther, 
Annalen, 106, 249 ; Lieben, ibid. 106, 336 ; 178, 
43 ; Riibenoamp, ibid. 226, 279 ; Schiff, Ber. 9, 
304 ; Ponzio, J. pr. Chem. 161, 431; Schroeter, 
Ber. 31, 2189; Annalen, 303, 114; Dol6pine, 
Compt. rend. 133, 876 ;*McIntosh, Amer. Chem. 
J. 28, 588 ; Wegsoheider and Spilth, Chem. 
Zentx. 1910, i. 1421 (v. Acetals). 

(3) Compounds with alkaline sulphites:— 
Aldehyde forms definite crystalline compounds 
when dissolved in concentrated aqueous solu¬ 
tions of the acid sulphites (bisulphites) of the 
alkali metals. The potassium salt C a H.O,KHS0 3 
crystallises in indistinct needles; tne so-lium 
»alt C 2 H 4 0,NaHS0 8 +iHj0, in fine needles or 
nacreous plates. The ammonium oompound 
has the formula C a H 4 (OH)SO a -NH 2 . These salts 
are almost insoluble in excess of the sulphite, 
and separate in the crystalline state ; from them 
aldehyde oan be obtained by distillation with a 
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Btamger acid, an alkaline carbonate, or by alkali 
nitrifcea (Bunte, Annalen, 170, 305; Freundler 
and Bunel, Compt* rend. 132, 1338; Seye* 
wetz and Burdin, Compt. rend. 141, 259 ; Rosen¬ 
heim, Ber. 38, 2005; Coppook, Chem. News, 
1907, 225). With hyposulphites in neutral or 
acid solutions aldehyde hyposulphites are 
obtained ; 2RCH0,M 2 S 2 0 4 (J. Soo. Chem. Ind. 
25, 475); by varying the condition sulphoxylates 
of type RCHj’SOgM can be formed (D. R. P. 
180529). Crystalline thioaldehydes are obtained 
by the action of hydrogen sulphide on an acidified 
alcoholic solution of aldehyde (Baumann and 
Fromm, Ber. 22, 2600; Ber. 24, 1419, 1457; 
Klinger, Ber. 82, 2194 ; Drugman and Stockings, 
Chem. Soc. Proc. 1904, 116; Vanino, J. pr. 
Chem. 185, 367). 

(4) Compound with ammonia:— Aldehyde- 
ammonia C 2 H 4 0\NH 3 , obtained by leading dry 
ammonia into aldehyde in ethereal solution 
(Liebig, Annalen, 14, 144; Jean, Bull. Soc. 
chim. 13, (3) 474; Trillat, ibid. 13, (3) 689; 
Detepino, Compt. rend. 125, 951; 128, 105; 
137, 984; 144, 853; Coninck, Compt. rend. 
126, 1042; Tsohit8chibabin, J. Russ. Phys. 
Chem. Soc. 37, 1229; Dudcn, Bock and Reid, 
Ber. 38, 2036; Ciamician and Silber, Ber. 38, 
1671 ; 39, 3942), crystallises in large rhombo- 
hedra, melts at 70°-80°, boils at 100° without 
decomposition, and is ^composed into its 
constituents on distillation witli dilute acids. 
When hydrogen sulphide is passed through a 
mixture of aldehyde ammonia and ether a 
crystalline substance SH*CHMe-NH*CHMcOH, 
m.p. 60°-G3°, is obtained (Chabri6, C. R. Soc. 
Biol. 1896, 3, 72). 

(5) Compounds with hydroc}^anic acid:— 
(Tiemann, Ber. 14, 1965; Strecker, Annalen, 
91, 349; Erlenmeyor and Passavant, ibid. 200, 
120 ). 

(6) Compounds with metallic salts:—With 
mercuric sulphate it forms the compound 
S0 4 : (HgO)g: HgC 2 H 4 0 (Denigcs, Compt. rend. 
128, 429); with mercuric nitrate, C 2 Hg 2 N0 4 H 
(Hofmann, Ber. 31, 2212); and with mercuric 
acetate alkaline solution at 0°, CMe*HOHg() 
(Lasserre, J. Pharm. 1905, 22, 246). With gold 
chloride it forms a coloured colloidal solution 
(Garbowski, Ber. 36,1215); and with magnosium 
bromide, the compound MgBr 2 ,3CH 8 CHO (Men- 
schutkin, Zeitsch. anorg. Chem. 63, 26); with 
calcium oyanide it forms C 6 H 10 O ft N 2 Ca 8 (Franzen 
and Rvser, J. pr. Chem. 88, 293); compound 
with KCN (cf. Eng. Pat. 19463, 1913). 

Substitution Products. —The action of chlo¬ 
rine on aldehyde has been studied by Wurtz 
(Annalen, 102, 93), Wurtz and Voigt (Bull. Soc. 
chim. 17, 402), and by Pinner (Annalen, 179, 
21 ; Coblenz, l.c.; Freiihdler, Bull. Soc. chim. 
1. (4) 66; Freundler, Compt. rend. 143, 682). 
Pinner finds that when chlorine is passed into 
ordinary aldehyde at 10°, metaldehyde and par¬ 
aldehyde are first formed, and these subsequently 
yield substitution-derivatives, of winch chloral 
is the ohief product, butyrio chloral and dichlor- 
aldehyde being formed in smaller quantity. The 
following derivatives have been prepared 
ChJoraUehyde CH 2 Cl'CH0-f-£H 2 0 (Natterer, 
Monatah. 3, 446); with potassium cyanide and 
ammonium chloride, jS-chioro-o-hydroxy pro- 
pionio aoid is formed (Raske, Ber. 45, 725); 
iicbforaddehyde, CHCl t 'CHO (Grimaux and 


Adams, Bull. Soo. chim. 34, 29 Wolil and 
Roth, Ber. 40,212); trichloraldehydc (v. Chloral). 

According to S. Uthoim ohloroform is readily 
formed by acting upon aldehyde with bleaching 
powder in the presen oe of water (Eng. Pat. 
116094). 

The bromine derivative^ and the action of 
bromine on aldehyde, have been examined by 
Pinner (Bor. 7, 1499, and l.c.; Bugarsky, 
Zeitsch. physikal. Chem. 48, 63 ,* Freundler, 
Compt. rond. 140, 1693 ; Mauguin, Compt. rend. 
147, 747). Reactions of dibjomoacetaldehyde 
(cf. Mylo, Ber. 45, 045). 

Aldehyde blue is obtained by treating para- 
rosaniline with •aldehyde or, bc.ttev, paraldonyde 
in aqueous acid solution, and precipitating the 
dvo with sodium chloride, it is soluble in 
alcohol and ether, apd when treated with strong 
hydrochloric acid is converted into a reddish 
yellow base which shows all the properties of a 
rosaniline dye (Gattormann and Wiohmann, Ber. 
22, 227). By slightly varying the conditions in 
the preparation of aldehvcie blue, aldehyde green 
can also be obtainod (Miller and Pliichl, Bor. 24, 
1700). F. A. M. 

ALDEHYDE GREEN v. Triphenylmethane 
ooLouitwa masters. 

ALDEHYDINE u. Bone oil. 

ALDEHYDINES. Compounds formed by the 
condensation of ortho-diamines with aldehydes 
(Ladcnburg, Ber. 10, 1126) (v. Amines). 

ALDER BARK. ( Aune , Fr.; Erie, Ger ) 
Alnus (jlutinosa (Gaert.). Used for tanning and 
dyeing. The percentage of tannin varies from 
16 to 18 (Eitner, Zeit. f. d. Chem. Grossgew. 
3, 668; 4,279). 

The tannin appears to be a methyl tannin 
like that of the oak; it gives a reddish-blue 
precipitate with ferrous acetate, an olive-green 
precipitato with ferrous sulphate, and is precipi¬ 
tated by a gum solution. 

A solution of the bark is employed for ob¬ 
taining black, greys, and browns on linen; in 
Germany for reds; and in Kamchatka for 
colouring skins a red tint. 

ALDOFORM. A forn^ildehyde preparation. 

ALDOL ( fi-hydroxylulyric aldehyde ; butanol - 
3 -al) CH 3 CHOH-CH 2 -CHO was first obtained 
by Wurtz in 1872. It is produced by the 
aotion of cold dilute hydrochloric acid or other 
condensing agents, such as alkali acetates, 
carbonates or bicarbonates, or zino chloride 
in aqueous solution, on acetaldehyde. 

200 grams acetaldehyde at 0° C. are dropped 
into 200 grams water at 0° C. and 10 grams 
potassium carbonate are gradually added. The 
mixture is allowed to stand for 12-18 hours at 
10° C., then shaken, first with an equal volume 
of ether, and again with half its volume of ether. 
The aqueous solution is exactly neutralised with 
hydrochloric acid and again extracted with half 
its volume of ether. The ether extraots are 
then united, the ether distilled off, and the 
residue distilled in vacuo. (Cf. art. Aldehyde.) 

Aldol is a colourless liquid whioh boils at 
83° (20 mm.}, and has a specifio gravity of 1*121 
at 0°. It is misoible with water and aloohol. 
When distilled under atmospheric pressure it 
loses water and passes into crolonaldehyde 
CH S ’CH : CJH'CHO ; a* similar result being 
obtained by heating it to 100° C. with water 
containing of small amount of sodium hydroxide. 
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ALDOL. 


As an aldehyde, it reduces an amraoniacal 
solution of silver nitrate. 

On standing for some time aldol becomes 
viscous, and after some days solidifies, passing 
into the solid polymeric form known as paraldol. 
This form melts at 82° C., and on reduction with 
aluminium amalgam yields /8-butylene glycol 
CH 8 OHOH*CH 2 *Cir 2 OH. 

The above compound furnishes an example 
of the so-called 1 aldol condensation,’ which 
has been studied at length by von Lieben and 
his pupils (Monatsh. 1901, 22, 289), and the 
requisite condition for such a reaction is that 
the carbon atom -adjacent to the carbonyl 
group of the aldehyde should be united to at 
least one hydrogen atom, although this need 
not be the case when the condensation occurs 
between two different aldehydes, e.g. 

(CH 8 ) 3 C’CHO+R a CH-CHO " 

=(0H 8 ) J C'CH0H*C(R a )CH0 

A similar type of reaction is also possible 
between aldehydes and ketones, which fulfil the 
suitable conditions. 

As a class, the aldols arc colourless liquids 
which readily polymerise on standing. These 
polymcrides show the same chemical reactions 
as the liquid forms, and are partially recon¬ 
verted into such forms on distillation in vacuo. 
When distilled under atmospheric pressure the 
aldols decompose, partly into the constituent 
aldehydes from which they were produced, and 
partly into the corresponding unsaturated 
aldehyde (by loss of water). 

ALDOSES v. Carbohydrates. 

ALE v. Brewing. 

ALEMBROTH, SALT OF. A compound of 
mercuric chloride and sal ammoniac 
2NH 4 Cl,HgCl 9 ,H a O 

formed by mixing the two salts in suitable 
proportions. Also called by toe alchemists Salt 
of Wisdom. 

ALEUDRIN. Trade name for earbamio 
acid ester of aa-dichloroiaopropyl alcohol. 

ALEURITES CORDATA (Steud.). The seeds 
of this euphorbiaceous plant, which is found 
largely in Japan, yield Japanese’ wood-oil 
(7.v.). 

ALEURITIC ACID v . Lac, Art. Resins. 


ALEUROKE GRAINS. Organised granules 
deposited in the cells of many seeds of plants, 
generally near the exterior, jn which the proteins 
are mainly concentrated. They were so named 
by Hartig, who first described them. In many 
plants, the aleurone grains possess the shape of 
crystals. Botanists, indeed, regard them as con¬ 
sisting of two parts: (1) a crystalloid, crystal¬ 
like protein body, and (2) one or more rounded 
globoids mainly composed of mineral matter, in 
which phosphoric acid, lime, and magnesia are 
usually the largest constituents. 

Wnon the aleurone grains exhibit the form 
of crystals, it is generally found that they are 
soft and swell up if treated with fc weak acids or 
alkalis. The term ‘ crystalloid,’ as used by 
botanists in this connection, has reference to 
the appearance of the aleurone grains, and not 
to their property of diffusion when dissolved 
through membranes. According to Tschirch and 
Kritzlor (Chem. Zentr. 1900, ii. 585), the aleurone 
grains of a variety of plants consist mainly of 
globulins. The crystalloids consist of at least 
two globulins, which are soluble in dilute, but 
insoluble in concentrated saline solutions (e.g. 
ammonium sulphate, sodium chloride with trace 
of acotic acid, potassium dihydrogen phosphate). 
A small amount of an albumose is also probably 
present. The globoids contain a globulin and 1 
mineral matter, especially calcium, magnesium, 
and phospfcbrie acid; they are soluble in con¬ 
centrated solutions of ammonium sulphate, 
acidified sodium chloride, or potassium dihy¬ 
drogen phosphate. The grains with their en¬ 
closures are reserve-food materials which are 
consumed when tho seed germinates. They 
originate as liquid ‘ vacuoles,’ in which an in¬ 
creasing amount of protein material is gradually 
deposited. The germinating power of seeds 
probably depends upon the solubility of the 
crystalloids in dilute sodium chloride solution. 

According to Postemak (Compt. rend. 1905, 
140, 322), alourone grains often contain anhydro- 
oxymethyiene diphosphorio acid, or inositol 
phosphoric acid C 6 H 8 (P0 4 H 8 ) a (phytin). He 
found the following amounts of nitrogen and 
mineral substances in the aleurone grains of 
(1) spruce fir, (2) sunflower, (3) hemp, (4) white 
lupin:— 



N 

K 

Ca 

Mg 

Fe 

Mn 

P 

s 

81 

1 . 

12-97 

2-50 

0-37 

1-25 

0-09 

0-25 

2-67 

0-64 

0-38 

2. 

10-22 

2-20 

0-33 

1-46 

0-05 

trace 

2-78 

0-84 

0-24 

3. 

12-88 

2-71 

0-27 

1-07 

0-05 

trace 

3-83 

0-81 

0*36 

4. 

10-70 


0-11 

0-28 


0-11 

0-61 


0-01 


ALFA v . Halfa. 

ALFALFA. The Spanish name for lucerne, 
J fedicago saliva (Linn.). 

ALFORMIN. A 10 p.o. solution of basic 
aluminium formate. 

ALGA. ( Varech or Algues, Fr.; Algen, Ger.). 
A class of cryptogamous plants including the 
green, brown, and red seaweeds and vegetable 
plankton growing in sea-Water, and allied mainly 
green fresh-water plants, including diatoms, 
a^smids, and ‘ conferva ’-like forms* Many of 
the salt-water species are edible ; rme of them 


is poisonous. 

lihodymenia pcUmata (Linn.) (dulse, dyliih, or 
dellishj and Alaria esculenta (murlins) are used 
as food by the peasantry of the Highlands and 
of Ireland. Porphyra laciniata (Lightf.) (laoi- 
niated purple laver), very abundant on- the 
British coasts, is sold in England as lAver, in 
Ireland as sloke, and in Scotland as sl&ak, 
Chondrus crispus (Linn.) (carrageen, Irish or 
pearl moss) is collected on the west coast of 
| Ireland, and is frequently used there by painters 
I and plasterers as a substitute for size. It is 
' also used in making jellies, &c., in medicine: 




ALIZARIN AND ALLIED 

and a thick mucilage scented with some prepared 
spirit is sold as ‘ bandolin,’ * fixature,’ or 
4 clysphitique,’ and i#employed for stiffening silks. 

Amongst other algte having an economic 
value are Ceylon moss or edible moss (Oraa'laria 
lichenoides), found in the Indian archipelago; 
the agar-agar of Malacca, or agal-agal ot China, 
which is derived from Qracilaria lichenoides, 
Eucheumd spinosum (Linn.) and other algw 
(see Agar). The substance is now much used 
in bacteriological research as a nutrient jelly; 
for gumming silks, paper, &c., and for making 
a paste not liable to be eaten by insects. 

Manna, or mannite, can be obtained from 
Laminaria satcharina (Lamx.) or sugar wrack, 
found on sandy shores, attached to pebbles. 

In Yezo (Japan) different species of Laminaria 
and Arthrothamnus are collected for use as 
edibles, and in large quantities as raw material 
for iodine manufacture and potassium salts. 
Other varieties commonly used as a source of 
iodine are Ecklonia cava and E. bici/clis. 

Alginic acid (Algin) is prepared from Macro- 
ci/8ti8 pyrifera, found on the Pacific coast of 
America, by treating a sodium carbonate extract 
with hydrochloric acid, redissolving in sodium 
carbonate and reprecipitating with acid several 
times, then dissolving again in sodium carbonate, 
purifying the sodium alginate by dialysis, 
decomposing it with hydrochloric acid, and 
purifying the alginic acid by dialysis. Alginic 
acid dried at 100° will absorb 200 to 300 times 
its weight of water. Its optical activity is 
5 = 169‘2°. The sugars produced by hydro¬ 
lysis with 2 p.c. hydrochloric acid gave a yellow 
osazone, m.p. 154°-165°, closely resemblmg 
J-xylosafcone, and also a ml amorphous osazone. 

Algin probably consists of a complex com¬ 
posed of compounds of the pentosan type and 
cellulose. H has weakly acid properties, and 
the sodium salt procipitates many metals from 
solution (Hoagland, J. Agric. Research, 1915, 
4,39; J. Biol. Chem. 1915, 23,287. See Iodine. 

The following table shows the composition 
)f various species of algae; the quantity 
if nitrogen in some of them is remarkably 
arge:— 





Per 
cent. , 

jProteln 

Alga 

Water 

Dry 

matter 

nitro¬ 
gen m I 
dry j 
matter 

tained 
in dry 
matter 

Chondrutcneput, bleached 





from Bewlay Evans . 
Chondrutorispua bleached 

1J-92 

82-08 

1-534 

9-587 

second experiment. . 

Chondru* crispus. un- 

1979 

80-21 

1-485 

9-281 

bleached Ballycastlo . 
Chondru* crupus, un- 

21-47 

78-53 

2142* 

112-387 

bleached, second ex¬ 
periment . 

19-90 

80 04 

2-510 

15-687 

Oiaartina mamiUota, Bal- 
lycastle 

21 -SS 

78-45 

2-198 

13737 

Laminaria difitata, or 




dulse tangle 

21-38 

78-62 

1-588 

9-925 

JlAodfWtnw yahnata 
Porphpra lanniata . 

10-56 

17-41 

83-44 

82-59 

3- 465 

4- 050 

21-656 

29062 

(SareephylUt) eduiit 

19-61 ! 

80-39 

3088 

19-800 

Alania etculmia 

17-01 

80 09 

2-424 

15150 
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Certain of the Laminaria , after washing to 
remove salts, are found to be suitable af fodder, 
and when mixed with hay and straw in lieu of 
oats are readily eaten by horses. Although 
poorer in carbohydrates than oate the seaweed 
is much richer in protein. 

. addition to the large*amount of chlorine 
in marine alg® (up to 38 p.c. of the ash) there 
are often not inconsiderable quantities of iodine, 
the presence of which is responsible for the 
employment of seaweeds in the composition 
of certain ‘ anti-fat ’ specifics.* 

Certain algae arc characteristic of water con¬ 
taining sewage and putrefactive substances in 
quantity, and sbme algaB play an important rdle 
in the disinfection of polluted rivers. 

ALGAROBILLA. Algarobilla consists of 
the pods of Ccesalpina bmnfolia. The tannin, 
which appears to be a mixture of allagetannin 
ar yl galfotannin, lies in semi-resinous particles 
adhoring loosely to the somewhat open frame¬ 
work of the fibre. It is one of the strongest 
tannin matters known, and contains on the 
average 45 p.c. In character it resembles divi- 
divi, and its extract is somewhat prone to 
fermentation. It is very suitable for tanning 
and also for dyeing purposes. 

ALGAROTH, POWDER OF. PMs Alga- 
rothi, Enqlish Powder. A crystalline oxy- 
chlorido of antimony, obtained by pouring anti¬ 
mony chloride into hot water. Used in the 
preparation of tartar emetic ( v . Antimony). 

ALGARROBIN. A natural dye product, 
obtained from the wood of the caroo tree, Cera- 
Ionia siliqna, found in the Argentine. Accord¬ 
ing to a report of the United States Consul- 
General at Buenos Ayres, it is largely employed 
in the Argentine for dyeing khaki cloth for 
military purposes, and *ome quantity is also 
imported to the Continent of Europe. It is 
said to dye the textile fibres a light brown 
colour, though if these be previously mordanted, 
more varied shades may be obtained. As it 
aets also as a mordant for the coal tar colours, 
it would appear to be a tannin, and may be 
allied to ellagitannin, as its name suggests ( cf. 
Algaroptlla, l.c.). A. G. P. 

ALGIN. A nitrogenous body obtained from 
seaweed, somewhat resembling albumen ( v . 
Alg^e). Used in the sizing and finishing of 
certain textile fabrics as a substitute for Irish 
moss (carrageen); should contain from 4 to 0 
p.c. of alginic anhydride ( v . Iodine). 

ALGIRON (Alginoid iron). Trade name for 
an iron compound of alginic acid (from seaweed); 
contains 11 p.c. iron. 

ALGODONITE. A copper arsenide of a 
steel-grey colour. Found m the Lake Superior 
copper-mining district. 

ALCOL COLOURS v. Auzabin and allied 

f'OLoUBISO MATTERS; VAT DYES. 

ALGOLAVE. Trade name for the salioylio 
ester of propvl oxyzwbutyric acid. 

ALHAGI CAMELORUM (Fischer), JAW ASA, 
or JAWANI. A leguminous thorny shrub, 
widely spread from Greece to dry parts of India, 
where a drug extracted from' it is used for 
rheumatism, and also a laxative and diuretic 
(Pharm. J. [31 9, 145). 

ALIVA^ Iodo hydfoxypropane. 

ALIZARIN AND ALLIED COLOURHtP 
MATTERS. • See also articles on Anthracene, 
4 I 
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Anthbaquinone,Chay Root Madder, Methyl 
Anthracene, Vat Dyes. Madder, Bubia 
tinctoria, which was for a lone time used on a 
large scale in the 4 Turkey-red ’ industry, con¬ 
tains two colouring matters, alizarin and pur- 
purin, of which the former is by far the more 
important. 

Alizarin is not found ready-formed in the 
madder-root, but exists there as a glucoside 
called ‘ ruberythrio acid,’ which when allowed 
to ferment, or when boiled with dilute acid, 
splits up readily into alizarin and glucose. 

The colouring matter itself was first isolated 
from the madder-"root in 1827 by Colin and 
Robiquet, whu obtained it by extracting ground 
madder with hot water and subliming the puri¬ 
fied extract carefully in a glass tube. 

This method of sublimation was not con¬ 
sidered sufficient proof of the existence of alizarin 
in madder, and it was not till Schunck suc¬ 
ceeded in isolating this substance by chemical 
means from the madder extracts used by 
dyers that this important point was definitely 
settled. 

In assigning the correct formula to alizarin, 
considerable difference of opinion existed at first, 
owing no doubt to some extent to the difficulty 
experienced in obtaining alizarin in a condition 
pure enough for accurate analysis. 

Schunok proposed the formula Ci.H.oO,, 
whilst Strecker believed it to be C 10 H 6 O s and 
related to ‘ chloroxynaphthalic acid ’ (chloro- 
hydroxynaphtkaquinone), a derivative of naph¬ 
thalene, since both these substances on oxidation 
yield phthalic acid. 

Strecker’s formula was the more generally 
aocepted by chemists, and chloroxynaphthalic 
acid was looked upon as being simply chlorinated 
alizarin, the two bodies being thus related : 

c'h.o, c 10 h.cio, 

Alizarin. Chlorinated alizarin or 

Chloroxynaphthalic acid. 

In order to prove the relation supposed to 
exist between these two substances, it was only 
neoessaxy to replace the chlorine atom in 
chloroxynaphthalic acid by hydrogen, when 
alizarin should result. 

This operation was eventually accomplished 
by Martius and Griess, who ontamed thus a 
substance of the formula C JO H ? O a , which was, 
however, not identical with alizarin, and wa* 
therefore supposed to be isomeric with it. 

Following these experiments of. Martius 
and Griess, Graebe, in 1868, commenced his 
research on quinones, the working out of which 
led not only to results which proved beyond a 
doubt what the chemical nature of alizarin 
really was, but also eventually resulted in the 
artifibial production of this important citfouring 
matter. In pursuing this investigation Graebe 
succeeded in preparing chloranil 0*01*0,, by 
treating phenol with potassium chlorate and 
hydrCK&loric acid, and in acting on this with 
■caustic potash he found that two of the atoms 
<rf ehlonne in tBis compound became replaced 
"by (OK), producing the potash salt of chloranilic 
add C e Cl|(OK) a O|, a ohange the knowledge of 
which proved to oe of the utmost importance 
in his subsequent experiments on the artificial 
production of alizarin. * 

Chloroxynap^thalio acid was paw considered 


by Graebe to be related to naphthalin in much 
the same way as chloranil was to benzene, i.e. to 
be a derivative of naphthaquinone. 

Soon after this the attention of Graebe and 
Liebermann was turned to alizarin, which they 
also thought might belong to the quinone series. 

In determining the constitution of this 
substanoe, the first step was to obtain some 
information as to the nature of the hydro¬ 
carbon from which alizarin was derived, and 
this was done in the following way: Alizarin 
prepared from madder was mixed with zinc-dust 
and heated strongly in a furnace, according to 
Bacyer’s method of reducing benzenoid com¬ 
pounds, and in this way a crystalline hydrooarbon 
was obtained having the composition C U H, 0 , 
which on examination was founa to be identical 
with anthracene, a hydrocarbon previously ob¬ 
tained by Dumas and Laurent from coal tar. 
Using the information already obtained in the 
research on quinone, Graebe and Liebermann 
now assumed that alizarin must be a dihydroxy- 
quinone of anthracene, the relation of these 
substances to one another being seen from the 
following formulae:— 

C U H J0 C 14 H 8 0 2 C u H 6 0 2 (0H) 2 

Antliracene. Anthraquinone. Alizarin. 

Having thuB obtained anthraoene from ali-* 
zarin, it was now only necessary to reverse the 
operation ”nd convert anthracene into alizarin, 
and the problem of the artificial production of a 
vegetable colouring matter would be solved for 
the first time. 

In 1862 Anderson, while investigating anthra¬ 
cene, obtained from it by oxidation a substanoe 
of the formula C 14 H g 0 2 , which he named ox- 
anthracene. 

In this substance Graebe and Liebermann 
recognised the quinone of anthracene (anthra¬ 
quinone), the first step in the synthesis of alizarin 
from anthracene, and in order to convert this 
quinone into alizarin all that was necessary was 
to replace two atoms of hydrogen in it by 
hydroxyl, an operation which is easily done in 
the following way :— 

Anthraquinone when heated with two mole¬ 
cules of bromine in sealed tubes is converted into 
dibromanthraquinone, thuB : 

C 11 H 8 0 2 -f2Br # =C u H # Br )l 0,-f 2HBr. 

This substance when heated with potash ex¬ 
changes each of its bromine atoms for (OK), yield¬ 
ing tno potash salt of alizarin, C 14 H 4 (OK) t O g , a 
reaction which is precisely similar to the forma¬ 
tion of chloranilate of potash from chloranil as 
described above. The potassium alizarate thus 
obtained, when decomposed with hydrochloric 
; acid, yielded alizarin, and thus the problem of • 
the artificial production of alizarin was solved. 

In considering this synthesis, perhaps the 
most Remarkable fact, from a ohemicaispoint of 
view, is that, in consideration of the number of 
possible isomers of alizarin, just that dibrom¬ 
anthraquinone prepared by Graebe and Lieber- 
! mann should on treatment with potash have 
j yielded alizarin. Had this not been so, the 
, artificial production oT alizarin would no doubt 
have been very much delayed. 

The groat importance of alizarin as a dyeing 
■ agent induced Graebe and Liebermann to patent 
‘ this process, which proved, however, to be of no 
commercial value, owing to the great expense 
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attending the use of bromine, and it was there¬ 
fore desirable to find some new method which 
would render their discovery important from a 
manufacturing point of view. 

This was first achieved by W. H. Perkin 1 in 
the following way :^-Sulphurio acid, as is well 
lenown, forms with many organic bodies com¬ 
pounds called sulphonic acids, which in composi¬ 


tion simply correspond to the substance acted 
on plue sulphurio anhydride. 

Thus benzene C 8 H a when treated with sul¬ 
phuric acid yields benzenesulphonic acid 
C-H s S0 9 H; naphthalene C j 0 H 8 , naphthalene- 
sulphonic acid C 10 H 7 SO 3 H. When fused with 
caustic potash these sulphonic acids are split up 
into the potassium salt of the corresponding 
phenol ana potassium sulphite, thus ; 
C < H 6 S0 3 H+3K0H=C a H 6 0KTK 2 S0 3 +2H J 0. 
Similarly disulphonic acids when fused with 
potash are converted into dihydric phenols, thus : 

CcH^SOgH)^ 6KOH-C fl H 4 
In this second example it will be seen that a 
body is formed which bears the same relation 
to benzene as alizarin does to antkraquinone, 
and it was therefore probable that if anthraqui- 
none were subjected to a similar series of re¬ 
actions, alizarin would result. 

The great obstacle to carrying out this 
synthesis, in the first instance, was^the remark¬ 
able stability of anthraquinone in general and 
particularly towards sulphuric acid, which is so 
great that it dissolves m moderately hot sul¬ 
phuric acid without change, and crystallises out 
again in needles on cooling. 

When, however, a mixture of anthraquinone 
and sulphuric acid was heated very strongly, 
reaction did eventually take place, the product 
becoming perfectly soluble in water, the solu¬ 
tion now containing mono- and disulphonic acids 
of anthraquinone. 

After removing the excess of sulphuric acid 
from the new product, it was mixed with caustic 
potaBh, and heated to about 180°. 

During the heating the melt became darker 
and darker in colour, and eventually almost 
black, and on dissolving this in water a rich 
purple solution was obtained which when acidi¬ 
fied with dilute sulphuric acid gave a copious 
precipitate of alizarin. 

The great obstacle to the preparation of 
alizarin—viz. the use of bromine—was thus re¬ 
moved, and, as the future has proved, a process 
had been obtained bv which this colouring 
matter could be manufactured in quantity and 
at a price so cheap as entirely to supersede the 

.u _i _a__ j.i_ 


old method of 


with the madder root. 


Another process for ihe manufacture of arti¬ 
ficial alizarin shortly afterwards discovered by 
W. H, Perkin, and largely used by him on a 
raantAoturing scale, is the following » 

Anthracene is treated with chlorine and 


sulphuric acid, forming a bright-green solution, 
' which contains a sulphonic aoid of dichloran- 
thracene. When heated with sulphuric acid 
this substance undergoes a remarkable change, 

1 „,V It should be mentioned here that while these ex- 
tmt bents were In progress, Caro, Graebe and Lleber- 
mMm were investigating the same reaction In Germany. 


hydrochloric acid and sulphurous acid are 
evolved, and a disulphonio acid of anthraquinone 
formed, thus 

C u H 8 Cl 2 (S0 3 H) a 4-H l S0 4 

Dlchlorauthracene-disulphonlc acid. 

=C u H 8 0 3 (S0 3 H)j-f 2HC1+SO* 
Anthraquinone disulphonic acid. 

This anthraquinone disulphonic acid when 
fused with potash yields alizarin. 

Although other methods for the production 
of alizarin have since been devised, there is 
little doubt that the bulk 8i the alizarin of 
commerce is still obtained fijpm ‘ silver salt,’ the 
name given in the works to sodium antlira- 
quinone-2-sulp*honate. • 

Alizarin, purpurin and similar dyes will not 
dye unprepared fabrics; these muBt first of all 
be mordanted. • 

The mordants used in this case consist of 
metallic hydroxides— c.q. of aluminium, iron, 
and chromium, Chloride of tin (tin crystals) is 
also extensively employed. 

With alumina mordants alizarin produces 
shades of red and pink; with iron mordants, 
shades of black and purple; with chromium 
mordants, a dull purple ; and with tin crystals a 
bright yellowish orange. These mordants may 
also be mixed and thus a large variety of different 
shades produced. A description of the method 
of application of these various mordants and the 
processes employed in dyeing with alizarin will 
oc found in the article Dymvu. 

Since the first production of artificial alizarin 
on the large scale, the study of this substance 
and of the various colouring matters related to 
it has received a lai-ge amount of attention at 
the hands of chemists, the result being that a 
considerable number of derivatives of anthra¬ 
quinone have been prepared and examined. 

Most of these are either colouriflg matters 
themselves, or easily converted into such, 
several of them being obtained on the large scale 
in the manufacture of alizarin. 

These derivatives may be divided under the 
following heads:— 

(1) Sulphonic acids anthraquinone. 

(2) Monohydroxyanthraquinones. 

(3) Dihydroxyanthraquinones. 

(4) Trihydroxyanthraquinones. 

(6) Higher hydroxylated anthraquinones. 

In this article are included the two dyeing 
matters, Gallein and Carulefn, which are very 
closely allied to alizarin in tinctorial properties, 
and also a brief description of Borne acid wool 
dyes derived from hydro xyanthfaquinones. 

Sulphonic acids of anthraquinone. 
Anthraquinone-1- (or a-) sulphonic aeid 

• C ( H,-“>C s H s -S0 8 H (1) 

It is a remarkable instance of the influence 
of a catalyst that whilst anthraquinone ordi¬ 
narily sulphonates in the 2- position, yet in the 
presence of quite small amounts of mercury the 
1- position is almost exclusively attacked. 

In preparing anthraquinone-1 -sulphonic acid 
100 parts, of anthraqitfnone are heated for three 
hours at 130° with 110 parts of sulphurio aefd. 
containing 29 p.c. sfllphuric anhydride, and 
0*5 part of mercury. 

The fre8 acid is easily soluble in alcohol and 
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water, it* lead, barium, and strontium salts are 
very insoluble in hot water. The calcium salt 
is fairly, soluble, but crystallises on heating the 
solution. The potassium salt occurs in glistening 
yellow leaflets. 

Anthraquinone-1 : 5- and -1 : 8-disulphonic 
adds 



The further sulphonation of the a acid in 
presence of nyircury leads to the formation of 
1 :5- anthraquinone disulphonic acid, mixed 
with 1 : 8- and 1 : 7- acids. The same mixture 
is produced by the direct sulphonation of anthra¬ 
quinone (100 parts) with 200 parts of sulphuric 
acid containing 40 p.c. sulphur trioxide, in the 

f iresence of mercury (1 part) at 160° for one 
tour. The mixture of acids is converted into 
calcium salt and fractionally crystallised. The 
calcium salt of the 1 : 8- acid is least soluble, 
the middle fraction is the largest and consists 
of 1 : 5*, whilst the calcium salt of 1:7- is 
easily soluble. 

Alternatively and preferably the acids may 
be separated by taking advantage of their 
different solubilities in sulphuric acid. The 
reaction mixture obtained in the above described 
preparation would be mixed with 100-200 
parts of sulphuric acid (60° Be.), and the 1 :5- 
acid is then obtained in the crystalline condition 
and collected on asbestos. The 1 :8-isomeride 
is precipitated from the filtrate on the addition 
of half its volume of water. Both acids are 
converted into potassium salts by adding 
potassium chloride to their hot aqueous solu¬ 
tions. Tjie success of these sulphonations 
depends very largely on the even distribution 
of the mercury catalyst throughout the masB, 
and to attain this end the mercury may be 
introduced in the form of yellow mercuric oxide, 
or a mercurous or mercurio salt, and intimately 
mixed with the anthraquinone employed in the 
operation. The discovery of a simple method 
of manufacture of these a-sulphomc acids of 
anthraquinone led to a great development in 
the anthracene series of dyes, especially in 
connection with the production of acid wool 
3yes of the type of Alizarin Saphirol, and a whole 
series of vat dyes, for example, the Algol 
colours (see Vat Dyes). 

The a-sulphonic acids mav also be obtained 
by the oxidation of the sulpho-derivatives of 
anthraoene. Thus anthraoene a- and 8-disul- 
honic aoids yield anthraquinone-1:8- and 
: 5-disulphonic acids respectively on treat¬ 
ment witn nitric acid. Chlorine or bromine 
atoms- in the alpha position in the anthra- 

r 'none nucleus may be displaced in favour of 
Sulpho-group by treatment of these halogen 
derivatives with aqueous sodium sulphite. 
Neither of these methods possesses technical 
importance. 

* Lfat-ature .—Liebermann and Dehnst (Ber. 
12, 1288), Iliinsky (Ber. 36, 4194), Schmidt 
(Ber. 1904, 37, 66; Eng‘ Pat. 10242 and 13808, 
1903; D. R. P. 157123, 164292, ami 167169), 
Cain (Intermediate Products for Ryes, Mao- 
nfKlan, 1918, 24% 


Anthraquinone^- (or AO tulphonlc add 

C,H 4 <“>C,B.(SO, H ). 

This' aoid is formed together with a certain 
amount of anthraquinone disulphonic acid by 
heating anthraquinone with fuming sulphurio 
acid to 170° or with ordinary sulphurio acid to 
250°-260°. * 

In preparing it a mixture of one part of 
fuming sulphuric acid (containing 40-50 p.c. 
anhydride) and 1-1£ parts of anthraquinone is 
gradually heated to about 160° and kept at this 
temperature for eight or ten hours, the whole 
being well stirred during the operation. 

The product thus formed consists chiefly of 
the monosulphonic acid together with a little 
disulphonic acid and unchanged anthraquinone. 
On diluting with water the anthraquinone sepa¬ 
rates out, and can easily be filtered off, leaving 
the sulphonic acids in solution. In order to sepa¬ 
rate the mono- from the disulphonic acid the 
clear filtrate is neutralised with carbonate of 
soda for caustic soda). This causes the difficultly 
soluble sodium salt of anthraquinone mono¬ 
sulphonic acid to separate out, leaving the 
easily soluble salt of the disulphonic acid in 
solution. » 

The pasty mass obtained on neutralising 
with soda is thoroughly pressed, washed with a 
little watei* 1 and then if required pure recrystal¬ 
lised from this solvent. In this way a beautiful 
brilliant white scaly crystalline mass is obtained, 
which consists of pure sodium anthraquinone 
monosulphonate, the so-called ‘ silver salt ’ of 
the alizarin manufacturer. This salt crystal¬ 
lises with lH a O, and 100 parts of water dis¬ 
solve 659 parts at 18°, and 18 - 88 parts at 
100 °. 

The free acid obtained by the addition of an 
acid to the soda salt crystallises in plates. It 
is very easily soluble in cold water and alcohol, 
but almost insoluble in ether. 

Diinschmann has pointed out that acids 
other than the /3-acid are obtained in this pro¬ 
cess and that, after the greater part of the 
‘ silver salt 5 has separated, further concentra¬ 
tion gives a product containing the two mono¬ 
sulphonic acids of anthraquinone mixed with 
the 2:6-disulphonio acid. The final mother 
liquor contains the 2:7-disulphonio acid. A 
hot saturated solution of the mixed acids is 
treated with one-tenth of its volume of a 45 p.c. 
solution of sodium hydroxide and cooled to 55°- 
60°, whereupon most of the 2 : 6-acid separates 
as sodium salt, whilst on coolinc the mother- 
liquor sodium anthraquinone- 1-sulphonate crys¬ 
tallises. To avoid the formation of these by¬ 
products Grandmougin*emplovB as sulphonating 
agent an acid containing only 15 p.c, SO, at 
150 r , and under these conditions it i% stated 
that oiiiy the 8-acid is produced. 

When fused with caustic soda, this acid (or 
rather its sodium salt) gives first hydroxyanthra- 

quinone C b H 1 <^Q^>C 8 H 8 OH, and then 

alizarin ; and, as will be shown later on, aliaarin, 
when prepared on a manufacturing scale, is in¬ 
variably formed from the monosulphonic acidof 
anthraquinone, not from the disulphonic acid 
as might be expected. The reason for this is 
that on fusing hydroxy anthraquinone with 



117 


ALIZARIN AND ALLIED 

caustic soda, a continuous process o( oxidation 
and reduction is ou-ried 0 n, the change being 
represented by the following equation:— 

C u H,(0Na)0,+Na0H+0 

Sodium monohydroxyanthraquinouate. 

= C '‘H.®0‘+0H. 

Sodium allzarate. 

the oxygen being supplied at the expense of a 
part of the hydroxyanthraquinone which is 
thereby reduced to anthraquinone. On the 
large scale this reduction is prevented by the 
use of chlorata of potash in the fusion. 

Literature .—Graebe and Liebcrraann (An- 
nalen, 160, 131 ; 212, 44 ; Ber. 7, 806); Grand- 
tnougin (Lehrbuch der Farben Chemie, 4th ed. 
1913, 260); Diinschinann (Ber. 37, 321). 

Anthraquinone-2 : 6- and 2 : 7-dlsulphonic 
acids (o- and 3-disulphonio acids respectively), 




In the presence of the mercury catalyst anthra- 
quinone-2-Bulphonio acid is attacked in the 
positions 6 and 8, yielding anthraquinone-1 : 0- 
and 1 :7-disulphonic acids, the constitutions 
of which have been proved by conversion into 
the corresponding hydroxy an thraquinonea by 
heating under pressure with milk of lime. On 
the other hand, sulphonation, m the absence of 
mercury, of either anthraquinone or its 3-sul- 
honio acid, yields a mixture of the 2:6- and 
: 7-acids, the higher the temperature the 
greater the proportion of tho a- or 2 :6-acid 
which is formed. 


COLOURING MATTERS. 

(1) A mixture of 10 kilos of anthraquinone 
and 20 to 30 kilos of fuming sulphuric acid, 
containing 45-60 p.o. SO*, is heated to a tem¬ 
perature of 160°-170° until a sample taken out 
is found to dissolve completely in water. The 
produot is then heated another hour to convert 
any mono- into disulphoniB acid, poured into 
water, neutralised with caustic soda, and 
evaporated.—(2) 10 kilos of anthraquinone, 12 
kilos of hydrogen sodium sulphate, and 40 
kilos of ordinary concentrate sulphuric acid 
are heated under pressure for five or six 
hours to 260°, the product treated with water, 
and the acids, con verted into sodium salts as 
above. 

In concentrating the solution of the sodium 
salt obtained by either of the above methods, 
the sodium salt of the a-aoid crystallises out 
first, the more readily soluble salt of the 3-acid 
remaining in the mother-liquors, and thus by 
ropoated recrystalhsation, the two acids are 
easily separated from one another. 

The tree acids obtained by decomposing the 
salts by an acid are botn readily soluble 
in alconol and water, but insoluble in ether 
and benzene ; the a-aoid crystallises in small 
yellow crystals, the 3-acid in beautiful yellow 
plates. 

The salts of the a-acid are sparingly soluble 
in water and crystallise with difficulty ; those of 
the 3-acid are readily soluble and crystallise 
with the greatest ease. 

The sodium salt of the a-aeid crystallises 
with 7H a O, that of tho 3-acid with 4H t O. 

Literature .—Schultz (Chemie des Stein- 
kohlentheers, 709, 712); Perkin (Chem. Soo. 
Trans. 1870, 133); Graebe and Lieberraann 
(Annalen, 160, 134); Crossley (J. Amer. Chem. 
Soc. 1915, 37, 2178). # 

The relation of the various colouring matters 
of this group to anthracene, anthraquinone, and 
its sulpnonio acids is easily understood from the 
following table (Schultz):— 


Anthracene 

! _ ! _ 

Anthraquinone-, (a- & 0-) Anthracene disulphonic acids 

I _ 1 _I_ 

(«■ A 0-) Monosulphonio add (a- A 0-) Disulphonio acids (x- A P-) Disulphonic acids 

| 

I a 0 X f 

\ i I I . I 

a- A 0 - Hydro J vanthr aq umonea Anthrafl&vio acid Isoanthrafiavio acid Chrysazin Anthrarufin 

1 I III 

Alizarin J'’iavopurpurin Isopurpurin Hydroxy- Hydroxyan- 

• (Anthrapurpurin) chrysazin thrarufin 


Thai-behaviour of the anthraquinone disul¬ 
phonio acids on fusion with potash is exactly 
similar to that of the monosulphonic acid. Just 
as this aoid on fusion with potash is first con¬ 
verted into monohydroxyanthraquinone and 
then by oxidation into dihydroxy anthraquinone 
(alizarin), so the anthraquinone disulphonio 
adds in the first place yield the corresponding 
dihydroxyanthraquinones, which then by the 
further action of the potash are converted into 
dihydroxyanthraquinones. 

The sulphonio adds of anthraquinone are 


important intermediates apart from their con¬ 
version into the various hydroxy derivatives. 
The sulphonio group may be displaced by 
amino, alkylamino-, and arylamino- groups, 
usually by treatment with ammonia or an 
amine at a high temperature and occasionally 
in the presence of a copper oompound, sodium 
carbonate, nr an oxidisipg agent. Moreover, the 
ohloro- derivatives of anthraquinone are modi 
convenient^ prepared i5y the action of soditun 
chlorate on a solution of an anthraquinqpe 
sulphonio add in dilute hytipehlorio add at 
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90°-100°. For example, 1 :5-dichloroanthra- i 
quinone used for the manufacture of Indanthrene 
. Violet R.N. is obtained in this way from 
anthraquinone-1 :5-disulphonic acid (D. R. P. 
205195). 

Hydroxyanthraquinones. 

I. Monohydroxyanthraquinones 

1* Hydroxyanfrraquinone. Erythroxyanthra- 
qulnone. 

This substance vs formed together with 2- 
hydroxyan thrall uinone by stronglv heating a 
mixture of phenol and phthalic anhydride with 
sulphuric acid 

c.h 4 <co>°+c.h s oh 

•=C.H 4 <^>C,H s (0H)+H,0 

Also by heating 1-bromanthroquinono with 
potash to 160° or by acting on l-amidoanthra« 
quinone with nitrous acid in concentrated 
sulphuric acid solution. 

The most satisfactory method pi prepara¬ 
tion consists in heating anthraquinone-1-sul- 
phonic acid with water and an oxide, or hydrox¬ 
ide of an alkaline earth metal under pressure. 

1-Hydroxyanthraquinonc crystallises from 
alcohol in orange-red needles which melt at 
190°. When fused with potash it gives alizarin. 
The substance does not aye mordanted fabrics. 

1-Acetoxyanthraquinone, prepared by boil¬ 
ing erythroxvanthraquinone with acetic anhy- 
dnde and sodium acetate, crystallises in yellow 
needles from alcohol and melts at 176°-179°. 

1- Methoxy anthraquinone is obtained by 
the action of boiling methyl alcoholic potash on 
1 -nitroantliraquinone. 

This is the simplest example of a very general 
reaction in the anthraquinone series. The sub¬ 
stance is yellow, microcrystalline, and melts at 
140°-145°. 

Literature .—Baeyer and Caro (Ber. 7, 969); 
Pechmann (Ber. 12, 2128); Rbmer (Ber. 15, 
1793), Liebermann and Hagen (Ber. 15, 1804); 
Hoechste Farbwerke (D. R. P. 97688). 

2- Hydroxyanthraquinone. 

This substance is obtained synthetically (to¬ 
gether with erythroxvanthraquinone) by heating 
a mixture of phenol, phthalic anhydride, ana 
sulphuric acid. The mixed hydroxyanthra- 
qumones can be separated by means of baryta 
water, since the barium salt of 1- hydroxy - 
ftnthraquinone is insoluble, whilst the 2- hydroxy 
compound is easily soluble. It crystallises from 
alcohol in yellow plates which melt at 323° and 
readily sublimes at a higher temperature^ 

It can be obtained in various ways from 
anthraquinone or its derivatives. 

An easy preparation consists in melting 
anthraquinone sutphonic acid or 2- bromanthra- 
quinone gyith potash. 

The action of ammonium persulphate on a 
.eolation of anthraquinone in concentrated sul- 

S i acid containing sulphur trioxide leads 
i production of 2-hydroxyanthfaquinone, 
ivand purpurin, t . 

Alizarin is reduced to 2-hydroxyanthra- 
mftaone by the. action of alkaline stannous 
omoride; or alisirm amide, obtained by the 


action of ammonia on alizarin^yields this sub¬ 
stance when treated with ethyl nitrite. 

A very curious reaotion of this hydroxy, 
anthraquinone, and one whioh involves migra¬ 
tion of an oxygen atom, is its conversion to 
quinizarin by treatment with nitrous acid in 
sulphuric acid solution and in the presence of 
boric acid. 

Literature .—Graebe and Liebermann (An- 
nalen, 160, 141); Baeyer and Caro (Ber. 7, 
969); Liebermann and Fisher (Ber. 8, 975); 
Liebermann (Annalen, 183,208); Wacker (J, Pr. 
Chem. [2] 54, 89); Bayer & Co. (D. R. P. 86830). 

DihydroxyanthraquinoSes. 

Alizarin 

1 : 2-dihydroxyanthraquinone 



Alizarin occurs in madder as the glucoside 
ruberythrie acid, and also in Chay root ( Olden - 
landia untiellala) and some species of rhubarb. 

It is obtained from its glucoside by the action 
of dilute acids or of ferments. 

-f 2H,0 = C u H 8 0 4 + 2C.H ia O r 

itubery tliric acid. Alizarin. Glucose. * 

It may bo prepared artificially by many 

methods. , r 

Thus alizarin is produced by fusing dichlor- 
anthraquinone, dibromanthraquinone, anthra¬ 
quinone, mono- or di-sulphonio acids with 
potash. Rufigallio acid yields alizarin when 
reduced with sodium amalgam. 

On the other hand, anthraquinone may be 
directly oxidised to alizarin by the action of 
ammonium persulphate in concentrated sulphurio 
acid solution. 

Good yields of alizarin are said to be obtained 
by heating anthraquinone with sodium chlorate 
and a mixture of sodium and potassium hy¬ 
droxides in aqueous solution at 200°. This 
process is used for the manufacture of alizarin, 
but it is not clear that it has entirely displaced 
the older process shortly to be described. 

Hystazarin undergoes isomerio change to 
alizarin when heated with concentrated Bulphurio 
acid to 200® for two and a half hours. 

Alizarin may be synthesised by processes not 
involving the intermediate formation of anthra¬ 
quinone. 

Together with hystazarin it is produced when 
a mixture of catechol and phthalic anhydride is 
heated with sulphurio aoid at 200®. 

C.H 4 <g°>0 + C 4 H 4 ( 0 H), 

Phthalic anhydride. Cateahol. 

, - C .H t <CO> C .H.(OH) 1 l: 2 + H.O.' 

Alizarin 

A method somewhat similar in principle is 
the following:— 

Hemipinio anhydride oondensea with benzene 
in the presence of aluminium ohloride, yielding 
the methyl ether of dihydroiybenzoyibenxoie 
aoid. This latter substance, on treatment with 
hot sulphnrio aoid, is oonveMed into alizarin 
methyl ether, whioh is hydrolysed by aluminium 
ohloride to alizarin. The following formula 
represent this series of reactions:— 
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'o 4-u«a 

N/V / V 

OH pQ 

■ -VY^ N 0 +ou * 

\/ N ^OOH X// 


OH 


MeO. 


CO 


+ HjO. 


MJO' 

Alizarin methyl ether. 


Lagodzinski baa converted 1 : 2-anthraqui- 
none into alizarin by reducing thia o-quinone to 
1 : 2-dihydroxyanthracene, the diacetyl deriva¬ 
tive of which yields diacety [alizarin on oxidation 
with chromic acid in acetic acid solution. The 
diacetate is then hydrolysed. 

Finally, alizarin is frequently formed in 
relatively small proportion in I 1 ','' reduction of 
1-nitroanthraquinone, for example, by w?as of 
sodium sulphide. 

Manufacture y Alizarin. 

1. Anlhraquinone pror.ess. —Anthracene, the 
basis of alizarin, is obtained entirely from the 
coal-tar oils boiling a hove 300°, the so-callod 
* last runnings’ of the tar distiller. These 
heavy oils are redistilled and the anthracene 
oils collected as soon as the distillate on cooling 
commences to solidify. In this way a semi- 
solid greenish-looking mass is obtained, which, 
after roughly freeing from excess of oil by treat¬ 
ment in hydraulic presses, is the starting-point 
in the alizarin factory. This orude product con¬ 
tains only about 30-40 p.c. anthracene, the re¬ 
mainder consisting of phenanthrene, naphthal¬ 
ene, oarbazol, and small quantities of other 
hydrocarbons. 

The first operation necessary in the manu¬ 
facture of alizarin is that of purifying the crude 
anthracene obtained from the tar distillers, in 
order to obtain a product fit for the subsequent 
oxidation to anthraquinone. 

This process of purification varies consider¬ 
ably in different countries, but the following 
method may be given as having been used with 
much success. 

The crude anthracene is first ground between 
edge-runners, and then thoroughly agitated with 
boning petroleum spirit in large iron vessels 
fitted with stirrers and heated with steam. 

About 1500 to 1800 lbs. of crude anthraoene 
and 300 gallons of petroleum spirit are used in 
one operation, the amount of the latter varying 
slightly according to the quality of the anthra¬ 
oene employed. After boiling for an hour or 
two, the product is allowed to cool, filtered 
through coarse canvas, and the anthracene on the 
filter washed with a little clean petroleum spirit. 
The pasty mass thus obtained is next treated 
with steam to remove the excess of petroleum 
spirit^ and then sublimed. The sublimation pro- 
xjws is best oarried out by melting the anthra- 
oene in an iron pot, oalled the ‘ subliming pot/ 
and then blowing in superheated steam. This 


carries the anthraoene vapour forward through 
a long pipe, where it meets a spray of water, 
which serves to condense both it and the steam. 
The anthraoene is thus obtained in an extremely 
finely divided state, much more suitable for 
oxidation than when simply ground under edge- 
runners as it used to be. Q Another process of 
purification of anthraoene consists in washing 
in a neutral solvent, such as coal tar naphtha, 
with concentrated sulphuric acid. This treat¬ 
ment removes the basic impurities, and the 
anthracene is further purified by sublimation. 
The next step consists in converting the anthra¬ 
cene into anthraquinone hy oxidation With 
bichromate of- potash (or soda)-and sulphuric 
acid—an operation which is usually done m the 
following way :—The anthracene is plaoed in 
lead-lined tanks v^th about twice its weight 
of the bichromate (dissolved in water), the 
requisite amount of dilute Bulphurio aoid is 
slowly added, and the mass kept well boiled 
and agitated by a steam jet connected with a 
Korting’s injector. 

The whole is then transferred to settling 
tanka, the crude yellowish-brown anthraquinone 
well washed by decantation until free from green 
chrome liquors, well drained, and freed from 
water aS c6mpIetety a& possible by plaoing it in 
canvas bags and exposing it to great pressure in' 
a hydraulic press. The amount of oxidiser re¬ 
quired to convert the crude anthracene into an¬ 
thraquinone is of course regulated by the purity 
of the sample employed, pure anthraoene re¬ 
quiring about 1 *66 times its weight of potassium 
bichromate to convert it into anthraquinone. 

Instead of potassium bichromate, the sodium 
salt is now very often used on account of its 
cheapness. 

The anthraquinone tjius obtained is still very 
impure, and must be carefully purified before it 
can be converted into sulphonio acid. In puri¬ 
fying anthraquinone two methods may be 
employed : 

(1) The anthraquinone is sublimed, and then, 
if necessary, recrystallised from high boiling 
coal-tar naphtha. # 

(2) The anthraquinone is treated with con¬ 
centrated sulphuric acid. 

When the first process is employed, the an¬ 
thraquinone is melted in iron pots and subjected 
to the action of super heated steam. The steam 
carries the vapour of the anthraquinone with it, 
and on condensation a fine, almost impalpable 
powder is obtained, which, when dried and re- 
crystallised from high-boiling coal-tar naphtha, 
consists of nearly pure anthraquinone. 

In this country this process has now been 
almost abandoned; method (2) having entirely 
taken its place. 

'fflie working of this method is based on the 
fact that crude anthraquinone when treated with 
sulphuric acid at 100° dissolves, but is not acted 
on. The impurities, however, become converted 
into sulphonio acids, which, being easily soluble; 
can be removed by treating the productwith water, 
when nearly pure anthraquinone is left behind. 

In carrying out thia operation a mixture of 
1 part of crude anthraquinone and 3 parts of 
sulphuric acid is placed in large oiroufar lead- 
lined iroi| pots, and hdated by steam for twenty- 
four hours, the whole being continuously agisted 
by a stirrer. 
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The bUckish-lookmg product is then run into 
•hollow tanks, and exposed to the aotion of damp 
air, or a gentle current of steam, until the acid 
has become diluted. In a short time anthraqui- 
none separates out as a light-brown crystalline 

f owder, which, after washing.by dilute soda and 
y decantation, pressing, and thoroughly 
drying, is found to contain about 96 p.c. of 
pure substance. 

According to recent patents anthraquinone 
is best purified by crystallisation from liquid 
sulphur dioxide 04 , from aniline. 

The following account of the manufacture 
of anthraquinone is given by Cain (Manufacture 
of Intermediate Products for Dyes, p. 236) as an 
abstract of a communication by Grandmougin 
(Rev. prod. chim. 1917,20,20):— 1 The oxidation 
is effected in lead-lined tubs of about 10-12 
cubic metros’ capacity (abbut 2600 gallons), 
fitted with lead-covered agitators and direct 
steam pipes, also of lead. 160 kilos of sublimed 
anthraoene are mixed with 3000-4000 litres of 
water, and the mixture is heated at 75° ; 2000 
litres of a solution containing 300 kilos of sodium 
dichromate and 600 kilos of sulphuric acid 
( 66 ° Be.) are now run in slowly, the temperature 
being gradually raised to about* 95°. Thfi. 
oxidation require* sixteen Lours, and 

if ^“important not to add the chromic acid 
(wlution too quickly or to work in a too con¬ 
centrated solution, otherwise much frothing 
occurs. 

‘Tests are made by filtering a sample, 
washing, and subliming it over a naked flame. 
With a little practice it is oasy to distinguish 
the fine needles of anthraquinone from the 
silvery leaflets of anthracene. The absorption 
of the chromic acid can also be ascertained by 
titration with ferrous ^sulphate. When the 
operation i? finished, the contents of the tub 
are run into an egg and blown through a filter 
press, where the anthraquinone is thoroughly 
washed, the filtrate being collected in order to 
recover the chromium. The yield from an 
anthracene of good quality is about 110 parts 
of anthraquinone from 100 parts of anthracene. 
The anthraquinone so obtained is purified by 
sub lima tion with super-heated steam , the pan 
is heated by super-heated water and the sublimed 
anthraquinone condensed by means of a water 
jet.’ 

Other processes for the oxidation of anthra¬ 
oene have been suggested but have not yet 
displaced the chromio acid method, A brief 
summary of these methods may be appended 
(1) Oxidation of anthracene by oxides of 
nitrogeQ and air or oxygen alone or in the 
presence of various catalysts or substances 
capable of absorbing the oxides of nitrogen. 
Occasionally the anthracene is mixed 'vith 
neutral subatanoes, such as powdered glass or 
pumioe. In one process anthracene is added to 
a solution of nitrogen peroxide in nitrobenzene 
and the temperature gradually raised to 100 °. 
Anthraquinone is formed, and the nitric oxide 
j/| recovered and converted into peroxide for 
use in a further operation. 

(2) Oxidation of anthracene by nitric acid. 
This ia usually carried out in nitrobenzene 
solution and sometimes in the prespnoe of 
mercuric nitrate. 

, ( 3 ) Oxidation of anthracene bv means of 


sodium nitrate in the presence of magnesium 
chloride between 126° and 146°. 

(4) Oxidation of anthracene by oxygen in 
the presence of aqueous ammonia and copper 
oxide at 170°. Nickel, oobalt, iron, and lead 
compounds may be used as catalysts instead of 
copper oxide. 

(6) Electrolytic oxidation of anthraoene may 
be carried out in a chromic acid bath or in 20 
p.o. sulphuric acid solution in the presence of 
cerium sulphate. 

(6) Oxidation of anthracene by means of 
ozonised air. In this case the hydrocarbon is 
dissolved in sulphuric acid. 

(7) Oxidation of anthracene bj, means of a 
chlorate 111 aqueous solution in presence of an 
iron salt. 

The following patents deal with the oxida¬ 
tion of anthracene: Eng. Pats. 6639, 1892; 
17636, 1901 ; 769, 1882; 19178, 1902; 8431, 
1887 ; 16312, 1909; 11472, 1910; 12056, 1914; 
6614, 1916. Fr. Pats. 220621, 149017, 328069, 
416735, 472216. U.S. Pats. 729502, 767136, 
1083051, 1103383, 1119546. Ger. P&i& 68474, 
137495, 21681, 109012, 1520&?, 216335, 207170, 
234289, 2647 V), <£56023, 268049; Anm. U. 
Mm, 292681. 

The next stage in the manufacture of alizarin* 
is the conversion of anthraquinone into its 
sulphomc acid. p 

This operation, which consists in heating 
anthraquinone with fuming sulphuric acid, is 
conducted in lasge iron pots capable of holding 
from 30 to 40 gallons. The amount of fuming 
sulphuric acid employed depends on the nature 
of the sulphonic acid required. In preparing 
the monosulphonio acid, 1 part of fuming aciu 
(contained 40-60 p.c.-S0 8 ) and 1 to 1£ parts of 
anthraquinone are used. 

The mixture is gradually heated by means of 
an oil-bath to 170°, or even to 190°, and kept at 
this temperature for eight or ten hours, the 
stirrer being kept constantly in motion. 

The product, which contains, besides anthra- 
quinonemonosulphonio acid, a little disulphonic 
acid, and some unacted-on anthraquinone, is 
diluted with water, passed through a filter-press 
to remove the anthraquinone, and neutralised 
with caustic soda. 

In a short time the whole becomes quite 
thick owing to the separation of the sparingly 
soluble soda salt 01 anthraquinonemonosul- 
phonic aoid, the easily soluble salts of the di- 
sulphonio acids remaining in solution- 

The crystalline salt is collected in filter- 
presses, washed with a little very dilute sul¬ 
phuric aoid, and thus obtained praotioally pure 
in beautiful, brilliant, pearly scales. 

In preparing the disulphonio acids of anthra- 
quinone, the operation is similar to the above, 
the only difference being that more fuming 
sulphurio acid is used and the sulpbonatioo 
conducted at a much higher temperature 
(about 260°). 

The next operation consists in the conversion 
of the product just described, and called * soda 
salt,’ into colouring matter, a change which is 
accomplished by heating it strongly with cauitio 
soda and a little potassium chlorate. 

If the potassium chlorate is pot added, a 
considerable loss is inourred owing to the re¬ 
ducing action of a large quantity of naaoeut 
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hydrogen, always formed during the fusion. The filtrate is mixed with 85 kilos oaustio soda 

which convert® the soda salt partially into an- an amount which still leaves the liquor strongly 
thraquinone and tydroanthraquinone. The acid, being only about three-eighths of that 
fusion is conducted in large wrought-iron cylin- theoretically required for neutralisation. The 
ders fitted with stirrers and heated with hot air. difficultly soluble ‘ silver Balt ’ separates, and is 
The usual charge is 700 lbs. caustic soda (70 p.o.) oolleotoa in a press. The filtrate is submitted 
dissolved in water, 1300 lbs. of a concentrated to vacuum evaporation to 23°-2{J 0 B6. (measured 
solution of 1 soda salt,’ and 13 to 15 p.o. of while hot), and underneath the evaporator 
potassium ohlorate, the amount of this latter there is a yat provided with stirring apparatus, 
substanoe varying slightly with the nature of and into which the liquor is allowed to run for 
the salt used, the monosulphonic salt requiring crystallisation. The process is facilitated by 
more chlorate than the disulphonic salt. providing the vat with a double jacket for 

The temperature is maintained at about 180° cooling. The ‘ silvor salt ’ is collected in a 
for at least twenty-four hours and often much filter press and washed with brine, in which it 
longer, the progress of the decomposition being is sparingly soluble. The yield of dry salt 
controlled from time to time by extracting small amounts altogether to 450-500 kilos. It 
quantities of tho molt and examining them in requires no further purification for the prepara- 
the laboratory. tion of alizarin ofjbluish shade. The mother- 

The product thus obtained is an Intense liquor from the monosulphonate is neutralised 
purple fluid, becoming thick on cooling and con- with lime, and tho gypsum separated, aftor 
taining the colouring matter as sodium salt which the caloiuin salts are converted into 
besides sodium sulphite and an oxcess of caustio sodium salts by means of sodium carbonate and 
soda. the solution again filtered from chalk. Evapora- 

To separate the colour the melt is run into tion yields tho 2 : 6- isomeride, and finally the 
large wooden tanks, diluted with water, and 2 '• 7-, but it is perhaps more usual to blow the 
boned with dilute sulphuric acid. concentrated mixture directly into the alkali 

This causes the solution to become orange in fusion apparatus. The fusion of silver salt with 
colour owing to the precipitation of artificial alkali is carried out in a series of horizontally 
alizarin. placed cylmdcrs provided with stirring gear and 

After being allowed to Settle, thegupernatant iicated by means of super-heated stoam. They 
liquor is run off, the alizarin forced into filter- have to bo capable of resisting a pressure of 12 
presses and carefully washed until froo from atmospheres. The capacity is about 3550 litres, 
acid and saline matter. The colouring matter and they are about 2000 mm. long and have an 
is then mado up to a definite strength (JO p.c. or inside diameter of 1400 mm. The following 
20 p.o. paste as required) by transferring it to example of a fusion may be regarded as typical; 
largo wooden tubs fitted with powerful stirrers, 1687 cbm. of caustic soda solution (45 Be'.) 
ana thoroughly mixing it with water. containing 1030 kilos NaOH, together with 125 

Pure alizarin thus prepared produces a blue kilos saltpetre, are introduced into the pot and . 
shade of Turkoy-red, and anthrapurpurin (pro- heated to about 125°, after which 625 kilos of 
duced by fusing sodium anthraquinonedisulpho- moist silver salt (66*4 p.c.), corresponding to 415 
nate with caustio soda) a red shade, so that by kilos of the dry substance, are gradually added, 
varying the amounts of these two constituents The temperature is then raised to 180°, and the 
any intermediate shade required by the market pleasure reaches 4-4 '5 atmospheres. After 36- 
can be obtained. 48 hours the process is usually complete. This 

The foregoing may be now supplemented by is confirmed by testing a sample by boiling with 
a description of the manufacture of alizarin milk of lime, filtering irom the sparingly soluble 
which is given by Ullmann. The sulphonation calcium alizarate ana acidifying the filtrate, 
of anthraquinone is carried out in acid-resisting when an incomplete operation is indicated by 
cast-iron vessels heated by super-heated steam, the separation of golden flakes of oxyanthra- 
The pots have a diameter of 1165 mm., and quinone. The melt is diluted down to 6° Btf. 
height of 1235 mm., and are surmounted by in large lead-lined tanks, and acidified at 60° 
covers which are fitted with a manhole, stirrer, with sulphuric acid. For alizarin of especially 
pipe for introducing pressure, plunging tube for blue shade the diluted alkali fusion melt la 
thermometer, and a contrivance for tno automatic treated in boiling solution with milk of lime 
registration of temperature. 300 kilos of until a drop of the liquid placed on filter-paper 
sublimed anthraquinone and 200 kilos of gives a clear red rim. The calcium salt is then 
recovered quinone (the portion of the substance separated and decomposed with hydroohlorio 
which is recovered from the sulphonations) are acid. The precipitated alizarin is collected in 
mixed with 400 kilos of oleum (20 p.c. SO ? ) and filter presses and washed until the filtrate is 
200 kilos oleum (60 p.c. SO,), ana the mixture free from acid. The press-cakes are analysed for 
heated at 145° during eight hours. Tfeis pro- content of anhydrous ash-free alizarin, and on 
oedure may be modified by introducing half the the basis of the analysis a 20 p.c. paste is made 
amount of aoid and heating four hours, after in a special mixer made of pitch pine. The 
whioh the remainder is introduced during three paste has a thin appearance, but if it should be 
hours more, and in one or two portions. Before desired thioker it suffices to add 0*5-1 p.c. of 
the reaction mass cools it is forced into a lead- salt. The thickening of the paste which follows 
lined vat containing 1*5-2 cbm. water with is a most singular phenomenon, and resembles 
continuous stirring. Further dilution to 5 in appearance the salting out of a dye although, 
cbm. is then made, and the mixture heated of course, the suspended solid is not increased 
by the introduction of steam. Between 80 and in amount For some "Eastern market* a still 
120 kilos of anthraquinone remain unattacked thicker paste is prepared by the additional 
and axe recovered by filtration through a press, glyeerm, dettrin, molasses, or starch. Alizarin 

. 
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in lumpB of such a character that paste may be 
prepared from them aB desired is made by mixing 
20 p.c. paste with starch, and then filtering off 
anc( very carefully and gradually drying the 
mixture. As much water as possible is removed 
by pressure, and the remainder in a vacuum at 
a temperature not exceeding 60°. During the 
whole process of alizarin manufacture it is most 
important that the water used should be soft 
and as free as possible from iron. Iron in the 
water will absolutely ruin the value of a batch 
of alizarin from the point of view of purity of 
shade. If through ty>me defect in the apparatus 
a batch should become contaminated it is 
useless to atteih'pt to purify the dye by solution 
in alkali, and reprecinitation with acid in view 
of the circumstance that the objectionable iron 
derivatives (e/. the alizarinferrates below) are 
reprecipitated along with the colouring matter. 
The best treatment is with hot dilute hydro¬ 
chloric acid and just sufficient potassium chlorate 
to produce a clear yellow colour. 

2. Dichloranlhracoic process.— In manufac¬ 
turing alizarin by this process, which appears 
to have been abandoned m favour of that already 
described, it is necessary, in the .first place, 
to purify the anthracene used much more 
thoroughly than is the case m the anthia- 
quinone process. 

For this purpose the anthracene, after washing 
with petroleum spirit as described in the last 
process, is submitted to distillation with potash 
This removes the carbazol and the phenolic sub¬ 
stances present in the crude anthracene, and as, 
besides this, a considerable quantity of the other 
impurities are charred during tho distillation, 
the anthraoeno resulting, although still very im¬ 
pure, is found to be greatly improved in quality. 

In carrying out this 1 'operation 100 parts of 
washed anthracene, 30 parts of potash, and 6 
parts of powdered lime aro thoroughly ground 
together under edge-runners, the mixture intro¬ 
duced into iron retorts and distilled. The dis¬ 
tillate, which consists of palo-ycllow cakes con¬ 
taining about 50 p.c. of pure anthraoene, is now 
sufficiently pure for conversion into dichlor- 
anthracene. 

In chlorinating anthracene, leaden chambors 
are used, technically known as ‘ chlorine ovens.’ 
These are 10 ft. long, 4 ft. 6 in. wide, and 1 ft. 6 in. 
•'deep, and are used in pairs, connected at one 
end in order that any chlorine escaping from the 
first oven may come in contact with a fresh 
amount of anthracene and thus prevent loss. 

400 lbs. of anthracene are put into each oven, 
and subjected to the action of a rapid’eurrent of 
chlorine for about five or six hours. 

The anthracene first fuses and gets dark in 
colour, hydrochloric acid being evolved in abun¬ 
dance ; but after a time this fluid product begins 
to deposit crystals and soon becomes a semi- 
solid mass. In order to purify this crude pro¬ 
duct^ it is first freed from hydrochloric acid by 
washing with dilute caustic soda, and then 
pressed between linen cloths in a hydraulic 
<preaa, by which means a considerable quantity 
of a thick dark oily product, technically known 
as ' chlorine oils,* is got rid of. 

llie yellow cakes of jikhloranthracene thus 
obtained are still not pure enough forCuse; they 
must next be soaked in coal-tor qaphtha for 
some time and pressed, this operation being re¬ 


peated until a product is obtained which con¬ 
tains 84 p.c. of pure substance. 

The next process consists in converting the 
dichloranthracene into the Bulpho- acids of 
anthraquinone by treating it with ordinary con¬ 
centrated sulphuric acid. This decomposition 
is accomplished in iron pots capable of holding 
about 30 gallons and fitted with iron covers in 
which there is an opening for tho escape of the 
acid vapours formed during the reaction. 

T hese pots are charged with 350 lbs. of oon- 
contratod sulphuric acid and heated to 140°-160* 
by means of an ordinary fire, the dichloranthra- 
cene (70 lbs.) being shovelled in imsmall quanti¬ 
ties at a time. After all tho dichloranthracene 
has l>ecn addetl and tho frothing due to the 
evolution of tho hydrochloric and sulphurous 
acids produced during the decomposition has 
subsided, the temperature is gradually raised 
to 200° and then maintained at this point until 
a sample taken out on a glass rod and diluted 
with water forms a nearly clear solution devoid 
of fluorescence. 

The product, contains now the mono- and 
disulphonio acids of anthraquinone, the latter of 
which greatly predominates. 

These crude sulphonic acids are next diluted 
with water m a large wooden tank and boiled 
witli slaked lime until neutralised. The neutral 
product is tl en forced 4 into filter presses to sepa¬ 
rate tho calcium sulphate, the clear filtrate mixed 
with the washing of the calcium sulphate, evapo¬ 
rated until it contains about 15 p.c. of lime 
salts, and then treated with sufficient sodium 
carbonate to precipitate all the lime as carbonate. 

The solution of the sodium salts of the sul¬ 
phonic acids is siphoned from the precipitated 
calcium carbonate, concentrated until it contains 
30 p.c. of soda salts, and then converted into 
colouring matter by fusion with caustic soda, as 
described in the last process. 

3. Direct conversion of anthraquinone into 
alizarin.—In the preparation of anthraq uinone- 
/3-sulphonic acid it ib very difficult to avoid the 
production of some disufphonic acid, and even 
if the alizarin is purified as described below, the 
shades obtained on mordanted fabrics are not 
quite identical with those given by the chemioally 
pure dyestuff. The Badische Anilin und Soda 
Fabnk claim (D. R. P. 110526) that a remarkably 
pure alizarin dyeing bluish shades of alizarin 
red on the usual alumina mordant may be pre¬ 
pared from anthraquinone under the following 
conditions:—Anthraquinone (100 parts) is 
heated with a solution of sodium or potassium 
hydroxide (300 parts) and sodium chlorate (20- 
30 partB) in water (100 parts) at 200° in an open 
vessel or autoclave until the oxidising agent is 
expended. The product is dissolved in water 
and air blown in order to oxidise anthranols, 
and tht. alizarin is then precipitated by the 
addition of milk of lime. The preoipitoted salt 
is decomposed by hydrochloric acid, and the 
alizarin is separated from accompanying anthra¬ 
quinone by solution in dilute aqueous sodium 
hydroxide and acidification of the filtered eola¬ 
tion. Other processes have been suggested in 
which ant.hraauinone is heated with sodium or 
potassium hydroxides in the preaenoe of sodium 
sulphite, with or without an oxidising agent 
such as sodium chlorate. 

Purification of artificial aUsarin. Gom* 
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mercial alizarin contains as imparities hydroxy* 
anthraquinone, anjhrapurpurin, flavopurpurin, 
and small quantities of other colouring matters. 

In order to separa+e the alizarin from these, 
the crude commercial product is dissolved in 
dilute caustio soda, and the solution treated with 
carbonic acid until two-thirds of the colouring 
matter has been precipitated as acid sodium salt. 
The precipitate is collected, washed with water, 
decomposed with hydrochloric acid, the crude 
alizarin thus obtained dissolved in caustic soda, 
and the treatment with carbonic acid repeated 
twice more. 

The purged product is then boiled with 
baryta water to remove hydroxyanthraq uinone 
and anthraflavic acid (which dissolve), the barium 
salt of alizarin is collected, washed, decomposed 
by hydrochloric acid, and the alizarin either 
sublimed or recrystallised from alcohol. 

Another method of separation is based on 
the temperatures at which the various con¬ 
stituents of the mixture sublime. Alizarin itself 
sublimes at 110°, flavopurpurin and anthra- 
purpurin at 160° and 170° respectively. 

Alizarin crystallises from alcohol in rod 
needles or prisms, which molt at 282°. With 
care alizarin can be sublimed in magnificent 
deep-red prisms, which, if the operation be per¬ 
formed on a large scale, ^nay be obtained over 
an inch in length. * 

It dissolves in alkalis with a purple colour, 
and is completely precipitated from this solution 
by the addition of lime or baryta in the form of 
a blue precipitate of the calcium or barium salt. 
Heated with acetic anhydride to 160° alizarin 
forms a diaootyl compound C,4H 8 0 8 (C a H 3 ()) a 0 2 , 
which crystallises from alcohol in long yellow 
needles, melting at 1(30°. When treated with 
nitrous acid, alizarin yields anthraquinone. 
Nitric acid acts violently on alizarin with evolu¬ 
tion of red vapours and formation of phthalic 
and oxalic acids. Distillation with zinc reduces 
alizarin to anthracene. 

Alizarin is converted into purpurin by 
means of sulphuric acid at 225°. In Knecht 
and HibberPs titanous chloride reduction 
method for the estimation of reducible substances 
it is found that one molecule of alizarin requires 
for reduction four atoms of hydrogen. On the 
other hand, Alizarin Orange (see below) is 
reduced to aminoalizarm under similar condi¬ 
tions. 

When fused with alkaline hydroxides at a 
fairly high temperature, protocatechuic acid and 
benzoic acid are formed. 

Salts of alizarin. Calcium alizarale 


CaC 14 g,0 4l H l O 

is precipitated by adding calcium ohloride to an 
ammomacal solution of alizarin as a purple 
mass. Barium alizarale BaCuH 8 Oj,H a O is 
prepared, like the calcium salt, by mixing an 
alkaline solution of alizarin with barium chloride. 
It is deep-violet when moist, almost black when 
dry, anaveiy sparingly soluble in water. Alum¬ 
inium alizarale (C 14 H 8 0 £ ) a Al a 0 8 (?) is obtained 
by precipitating an alkaline solution of alizarin 
Vita alum or aluminium hydroxide. It is a very 
fine red or rose-red precipitate. Lead alizarale 
C, 4 H,0 4 Pb is obtained by mixing an alcoholic 
solution of alk&rin with an alooholio solution 
ci sugar of lead. 


Potassium hydrogen alizarate forms a com¬ 
pound with alizarin/brown-red crystals 
C 14 H 7 0 4 Kj C 14 H, s 0 4 , 

and a similar fripotassium di'alizarate has been 
described. These substances are analogous to 
the quadroxalates. « 

Alizarin can readily be detected by means of 
the spectroscope, as it gives in alkaline solution 
two sharp absorption bands, one at o and one 
near c, as will readily be seen from the accom¬ 
panying figure, which shovfc the absorption 
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spectrum of a solution of alizarin in alcoholic 
potash. » 

Alizarin ferric acid Fe((J u H 8 0 4 ) a H, yields 
well-crystallised sodium, ammonium, and potas¬ 
sium salts. The latter crystallises with 8H s O, 
and is obtained by tho addition of alooholio 
potassium hydroxide to a mixture of alcoholic 
solutions of alizarin and ferric aoetate. 

Literature. — Anderson (J. 1847-48, 749) ; 
Stenhouse (J. 1884, 543); Roohleder (Ber. 3, 
295); Perkm (Chem. Soc. Trans. 23, 141); 
Craebe and Liebermann (Armalen Suppl. 7, 300 ; 
Ber. 3, 359); Baeyer and Caro (Ber. 7, 972) ; 
Liebermann (Annalen, 183, 206); Liebermann 
and Dehnst (Bor. 12, 1293); Schunck (Annalen, 
66, 187); Wolff and Strecker (Annalen, 75, 8); 
Lagodzinski (Ber. 28, 1428); Widman (Ber. 9, 
856); Liebermann and Hohenemser (Ber. 35, 
1779); D. R. P. 116526; Perkin (Chem. Soo. 
Trans. 75, 453); Knecht and Hibbert (J. Soc. 
Dyers and Col., Dec. 1915); Weinland and 
Binder (Ber. 47, 977); Hofmann, Quoos and 
Schneider (Bor. 47, ?992); Heller (Zeitsch. 
Angew. Chem. 1906, 19, 669;.Ber? 41, 361); 
Tyrer (Trans. 97, 1778); Hildebrand, Ellefson, 
andBeovc(J. Amor. Chem. Soc. 1917, 39, 2301). 

Other derivatives of alizarin. When treated 
with tho ordinary re-agents, such as bromine, 
nitric acid, &c., alizarin forms a variety of 
valuable substitution*products, some of which 
are used to a considerable extent as dyeing 
agents. The most important of these are the 
following:— 

Alizarin a-methyl ether 



may be synthesised by the action of diazo¬ 
methane on an ethereal solution of monoHoetyl* 
alizarin. Owing to the fact that monaoetyl- 
aliza*in is really a mixture of the two possible 
isomerides, the process results in a mixture of 
the two isomeric methyl ethers. Addition of 
alcoholic potassium hydroxide to the mixture 
precipitates the 3-ether as potassium salt, the 
a-methyl ether remaining in the solution. The 
substance crystallises from aqueous methyl 
aloohol in slender orange-yellow needle* melting 
at 178°-179°, and identical with a constituent 
of chav root (g.t>.) ^Oeach and Perkin,-Proo. 
Chem, Soc. 1914, 30) • The methoxy groups in 
aromatic 5 oompounds (except the nitropaenol 
ethers) are almost always resistant to alkaline 
hydrolysis, but this substance maybe hydrolysed 
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to alizarin by the prolonged notion of boiling 
aqueous baryta. Acetylalizarin a-methyl other 
ooours in yellow needles, inciting at 212°. 

Alizarin-0-methyl ether 


,, n OH 

/x/^yv 

x/\co/vy 


OMo 


The synthesis of this substance from hemipinic 
acid has already bpen described. 

It can also. be produced by treating the 
monopotassium salty of alizarin with methyl 
iodide or methyl sulphate. 

The substance crystallises from alcohol, and 
has the melting-point 224°-226°. 

The dimethyl ether is not obtained by acting 
on the potassium salt of the ‘monomefchyl ether 
with methyl iodide. 

The substance can, however, be obtained by 
reducing alizarin to desoxyalizarin and methyl¬ 
ating the latter by means of methyl sulphate 
and sodium hydroxide in the usual manner. 
On oxidation of the resulting product with 
sodium chromate and acetic acid alizarin 


dimethyl ether is obtained in golden yellow 
needles. It is identical with a product obtained 
from 2-hydroxyanthraquinone by successive 
methylation, nitration, and treatment with 
methyl alcoholic sodium methoxido. 

Oesch and Perkin (l.c.) have also obtained 
the substance by the mothylation of alizarin 
a-methyl ether with methyl sulphate and 
potassium hydroxide. 

Alizarin diethyl ether 


C.H 1 <“ > o,H,< om(2) 

can be prepared by heatkig alizarin with potash 
and potassium ethyl sulphate at 1110° (Haber- 
mann, Monatah. fi, 228). 

MonobromaUzarln 


„OEt (1) 


C i H 1 <CO >C ,H Br< OH(.) 


This derivative con be prepared by heating 
alizarin with bromine and carbon disulphide to 
180°-190° for four or five hours. 


It is better prepared, however, by sul- 
phonating alizarin with fuming sulphuric acid, 
and subsequently treating the solution with 
bjtymine. 


It crystallises from glacial acetic acid in 
orange-coloured needles, which, when heated, 
first melt to an orange-coloured liquid and then 
sublime in orange-red needles. 

As a dyeing agent, monobromalizarin retains 
all the properties of combining with mordants 
possessed by alizarin, and the colours produced 
appear to be equally fast. The shade of cqjour 
produoed is, however, not the same, the reds 
being less purple, and the purples less blue than 
Chose produced by alizarin. 

Literature .—Perkin (Chem. Soc. Trans. 27. 

401). 

8 • Bromo -1:2- dihydroxyanthraqulnone 
(& R. PP. 77179, 78643) is obtained by the 
action of bromine on a solution of alizarin-3- 
sulphonio acid at 95°. It tnay or may not be 
identical with the above-described bromqalizarin. 
It forms brown-red needles, melting It 260°- 
261^&nd yields a pale yellow diaoetyl derivative, 
m lting at 204°-205°. The solution of the 


substapoe in dilute sodium hydroxide is blue- 
violet. J 

3-Chloro-l: 2-dihydroXyanthraquinone is 

similarly prepared and melts at 270°-271°. On 
benzoylation in pyridine solution a dibenzoyl 
derivative, melting at 184°, is obtained. On 
oxidation by means of sulphuric acid it yields 
3-chloro-\ : 2 : 4-trihydroxyantkraquinone (ohloro- 
purpurin), melting at 242°-244°, and on nitra¬ 
tion in acetic acid solution ‘S-cMoro-4-nitro-l : 2- 
dihydroxyanlhraquinone iB the product. The 
latter occurs in orange-yellow needles, which 
decompose at above 220°. The nitroxyl may 
bo displaced by anilino on heating the substance 
with aniline, and the product crystallises in 
nearly black needles or plates melting at 223°- 
224° (Heller and Skraup, Ber. 46, 2703). 
a-Nitroalizarin, Alizarin brown, 


on /OH. (l) 
C«H 4 <^>C.H^OH (2) 

X NO a (4) 

This substanco is obtained by treating diacetyl 
or dibenzoyl alizarin with nitric acid. 

It is manufactured by dissolving alizarin in 
fuming sulphuric acid and after cooling to 
-5° to —10°, treating with the calculated 
quantity of nitric acid dissolved in sulphuric * 
acid. 

a-Nitroal^arin crystallises from alcohol or 
glacial acetic acid in golden-yellow needles, 
melting at 194°-196°. It dissolves in caustic 
alkali with a blue-violet colour, but if only a 
minute quantity of alkali is employed the solu¬ 
tion is of a fine crimson colour. The alkaline 
solution gives two absorption bands similar to 
alizarin. Nitroalizarin is easily reduced in 
alkaline* solution with sodium amalgam or 
I ammonium sulphide and amidoalizarin is the 
product. 

On warming with sulphuric acid 1 : 2 : 3 : 4- 
tetrahydroxyanthraquinone is produced. 

a-Amlnoalizarin. Alizarin garnet, Alizarin 
cardinal 

ro /OH (l) 

C.H,<™>c,H^OH (2) 

W X NH, (4) 

This valuable dye-stuff is obtained by the 
reduction of a-nitroalizarin. It crystallises 
from alcohol in small needles of a nearly black 
colour, but possessing a slight greenish metallic 
reflection. 

Its alcoholic solution gives two absorption 
bands; the first is a little beyond d ana the 
second near o. There is also a faint line close 
to F. 

An excess of acetic anhydride at the boiling- 
point converts a-aminoatizarin into a diacetyl 
derivative, which crystallises in red-brown leaflets 
melting at 245°, whilst it appears that the mode¬ 
rated action of the reagent produces an isomerio 
diaoetate crystallising in lustrous yellow needles. 
The monobenzoifl derivative is obtained by heating 
a suspension of the substance in nitrobenzene 
with benzoyl chloride.. It occurs in brown 
needles, melting at 810°. Further action of 
benzoyl chloride produces the dibenzoyl deriva . 
tive —light brown needles, melting at 255°. 
a-Aminoalizarin yields a sulphomo acid on 
treatment with fuming acid, and this may be 
changed into purpurin sulpbonio add by the 
action of nitrous acid. The diaeonism deriva- 
m 
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tlves obtained from a-aminoalizarin are rela¬ 
tively stable, and on Btrongly heating pnrpurin 
is obtained as a Jiublimate. Alizann-a-aiazo- 
chloride does not couple with known inter¬ 
mediates with formation of azo- oompounds. 

Dyeing Properties of a-Nltro- ana a-Amino- 
ftllzarin. These colouring matters possess the 
power of dyeing ordinary madder mordants. 
o-Nitroalizarin gives with alumina mordants 
very clear orange-red colours, not unlike some 
of the colours produced with aurin, and with 
iron mordants reddish-purple colours. Amino- 
alizarin gives with alumina mordants purple 
colours, and with iron a bluish or steel-like 
colour. ^ 

It is used Tor wool-dyeing and calico-printing. 

Alizarin Maroon is a mixture of amino- 
alizarins and purpurins obtained by the reduc¬ 
tion of the product of nitration of commercial 
alizarin in sulphuric acid solution. On alumina 
mordants it produces a garnet red, maroon on 
chrome. 

Literature .—Perkin (Chem. Soc. Trans. 30, 
578); Breach (Ber. 24, 1010); Schunck and 
Romer (Ber. 12, 587); D. R. PP. 66811, 74431, 
74598 ; Schultz and Erber (J. pr. Chem. 74, 
275). 

0-Nltroalizarin, Alizarin Orange 

ro /OH (1) 

C«H 4 <^>C^OH (2) 
tU X NO a *3) 

/3-Nitroalizarin s prepared by the action of 
nitric acid on alizarin and also by boiling dinitro- 
2-hydroxyanthraquinone with caustic soda of 
20 p.c. 

It is manufactured in large quantities by the 
action of nitric acid on alizarin dissolved in 
sulphuric acid containing boric acid. The in¬ 
fluence of the boric acid on the position attacked 
by the nitric acid is probably duo to the forma¬ 
tion of a boric ester of alizarin. 

The crude /3-nitroalizarin is purified by 
crystallisation from glacial acetic acid. 

/3-Nitroalizarin crystallises in orange-yellow 
needles which melt with decomposition at 244°. 
When carefully heated it sublimes, with a good 
deal of decomposition, in yellow needles. Dis¬ 
solved in alkalis it forms a purple solution ; the 
eodium salt is insoluble in an excess of caustic 
soda. The calcium salt is an insoluble violet- 
red precipitate, which is not decomposed by 
carbonic acid (distinction from alizarin). Treated 
with glycerol and sulphuric acid, /3-nitroalizarin 
is converted into alizarin blue. 

The diacetate of 3-nitroalizarin crystallises 
in yellow needles melting at 218°. 

3-Nitroalizarin is prepared on the large scale, 
and comes into the market under the name of 
* Alizarin orange.’ In dyeing it is applied to 
the various fibres in the same way as alizarin; 
but although it yields fast colours, it hrfk as yet 
found only comparatively limited employment. 
Applied to wool, it gives the following shades :— 

With an alumimum mordant it yields a very 
good orange; with stannous chloride mordant, a 
reddish or yellowish orange, according to the 
amount of mordant used ; with copper sulphate 
mordant, a good reddish-brown is obtained; 
with ferrous sulphate, a purplish-brown; and 
with bichromate of potash, a dull brownish-red. 
The dye may also be applied to unraordanted 
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wool in a bath containing acetic or oxalic 
acids. 

Literature.— Rosenstiehl (Bull. Soc. ohim. 26, 
63) i Schunck and Romer (Ber. 12, 584) ; Simon 
(Ber. 15, 692); Bayer & Co. D. R. P. 74562 ; 
Barnes (J. Soc. Dyers & Col. 15, [1] 11). 

3-Aminoalizarin is changed by benzoyl 
chloride into a dibenzoyl derivative, yellow needles 
melting at 252°, and this may be hydrolysed 
by sulphuric acid to a monobenzoate melting at 
275°. In contradistinction from the corre¬ 
sponding a-derivative, alizarin- 3-diazochloride 
couples with R-salt in alkaline solution, but 
the product has feeble tinctorial power. 

Alizarin Imide. This deriv^ive of alizarin 
is obtained by heating the substance with 
ammonia under pressure (Bayer), and also by 
reducing freshly precipitated alizarin in ammo- 
niacal suspension Vith zinc dust followed by 
air oxidation of the resulting solution. Accord¬ 
ing to Prud’homme, alizarin and other hydroxy- 
anthraquinones may be converted into con¬ 
densation products with ammonia by heating 
in glycerol with ammonium carbonate. Scholl 
and Partheg prepare the substance by heating 
alizarin with aqueous ammonia at 140°. It 
may be crystallised from pyridine and decom¬ 
poses with evolution of ammonia at 250°. It 
is regarded as \-hydroxy-2-aminoanthraquinoM 
imide. 

Literature. —Prud’homme (Bull. Soo. ohim. 
[iii.] 35, 71 ; ibid.. 666); Scholl and Partheg 
(Ber. 39, 1201). 

Leucoalizarln, 1 : 2-Dihydroxyanthranoi. This 
substance is easily prepared by warming alizarin 
with a dilute alkaline solution of sodium hydro- 
sulphite. It crystallises from acetio acid in 
brown leaflets melting at 150°, and is easily 
reoxidisod into alizarip (Grandmougin, Rev. 
Gen. Nat. Col. 21, 44). 

Alizarin Red S, Alizarin Powder W (By.), 
Alizarin Red WS (M. L. B.) 

CO / 0H W 

C fl H 4 <™>C«Hf OH (2) . 

C0 . X SO s Na 

This dyestuff is thfe'sodium salt of the mono- 
sulphonic acid of alizarin. It is easily prepared 
bv the action of concentrated sulphuric acid on 
alizarin. 

It yields brilliant scarlet red shades with an 
aluminium mordant, bordeaux red with chro¬ 
mium. 

Like many alizarin derivatives, this substance 
is an indicator. It is more sensitive than 
methyl orange, the colour change occurring 
+ + 
between PH =-3*7 (yellow) and PH=4*2 (pink). 

Literature. —Graebe and Liebermann (An- 
nalen* 160, 144); Walpole (J. Soc. Chem. Ind. 
1915,153). 

1:2-Dlhydroxyanthraqulnone-3:5-dteulphonic 
acid is obtained, together with quinizarin-a- 
Bulphonic acid, when anthraquinone-1 -sulphonic 
acid or its potassium salt is heated with fuming 
sulphuric acid (40 p.c. SO a ) and boric aoid at 
130°-135°. Tbe alizarin derivative is separated 
by taking advantage of its more sparing 
solubility. On heating with 70 p.c. sulphuric 
acid the diBuIphonic acid is changed into an 
isomeride* of Alizarin Red S, namely I; 2* 
dihydroxywithraquinone-5-sulphonio acid. 
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Alinria Bias, 

OH 

w V> 

This important colouring matter, discovered 
by Prud’homme, is obtained by treating 0-nitro- 
alizarin with glycerol and sulphuric acid or by 
treating 0-amino alizarin with glycerol, nitro¬ 
benzene, and sulphuric acid. Its chemical 
constitution was first demonstrated by Graebe, 
who showed that this substance was related to 
alizarin in precisely the same way as quinoline 
is to benzene, i.e. tnat alizarin blue is a quinoline 
of alizarin. 

Prepared jot?.— 1 part of 0-nitroalizarin, 5 
parts sulphuric acid, and 1| glycerol (of sp.gr. 
1 - 262) are mixed and gently heated. 

At 107° the reaction commences and soon 
beoomes very violent, the temperature rising to 
200°. After the frothing has subsided, the mass 
is poured into water, the product well boiled, 
filtered, and the residue extracted three or four 
times with very dilute sulphuric Acid. The 
combined ^extracts on cooling deposit the crude 
alizarin blue sulphate in brown crystals. These 
are collected, washed with water till neutral, 
mixed with water, and borax added until the 
solution becomes brownish-violet. The precipi¬ 
tate thus formed is filtered off, washed with 
water, and decomposed with a dilute acid, the 
crude alizarin blue thus obtained being purified 
by recrystallisation from benzene or glacial 
acetic acid. 

A more recent method of preparation, also 
due to Prud’homme, consists in heating formyl- 
/3-aminoabzarin with glycerol and sulphuric 
acid at 100°. 

Alizarin blue crystallises from benzene in 
brownish-violet needles which melt at 270°, and 
at a higher temperature give off orange-red 
vapours which condense in the form of blue 
needles. 

It is insoluble in water, sparingly soluble in 
alcohol and ether, more readily soluble in hot 
benzene. It dissolves in ammonia, potash, or 
soda, forming blue solutions which become green 
when mixed with an excess of alkali. 

* Alizarin blue combines with both bases and 
adds. 

The barium salt BaC l7 H 7 N0 4 Ba0-f£H a O is 
a greenish-blue precipitate. The following salts 
of alizarin blue with acids have been prepared :— 

C 17 H 9 N0 4 ,HC1 is a red crystalline precipitate 
formed by passing dry hydrochloric acid gas 
through a solution of alizarin blue in boiling 
benzene. When treated with water it iv com¬ 
pletely decomposed into its constituents. The 
Bulphate crystallises in red needles. The acetate 
C 17 H*N 04 ,.UtH 4 0 a crystallises in blue plates. 

Alizarin blue also combines with picric acid 
forming a compound C 17 H 9 N0 4 *C B H s (N0 2 ) s 0, 
which crystallises from benzene in long orange- 
re# prisms melting at 245°. This compound is 
completely decomposed by water. One of the 
most important compounds of alizarin blue is 
the sodium bisulphite edmpound 

C 17 H,N0 4 *2NaHS0, , 



This product is manufactured on a large scale 
and sold under the name of ‘ Alizarin Blue S.’ 
It dissolves readily in waterjwith a brownish-red 
oolour. Alizarin blue is met with in commerce 
in two forms, viz. as a paste containing about 
10 p.c. of dry substance, and as a powder. 
The former is nearly insoluble in water, while 
the latter, which is the bisulphite compound 
(described above), dissolves readily. This 
soluble kind is now almost entirely used in 
dyeing. In dyeing cotton with alizarin blue a 
chromium mordant is used, but in the case 
of wool, bichromate of potash gives the best 
results. 

Alizarin blue with an alumina or iron mordant 
is also used for dyeing silk. 

Alizarin blue is used largely as a substitute 
for indigo in calico-printing works. It is one of 
the most stable colouring matters, and is even 
said to be faster than indigo itself. 

Literature. —Prud’homme (Bull. Soc. chim. 
28, (>2); Graebe (Annalen, 201, 333); Auerbach 
(Chem. Soc. Trans. 35, 800); Prud’homme and 
Rabaut (Bull. Soc. Ind. Mulhouse, 1893, 223). 

Alizarin Green S (M) 



This dyestuff is prepared from a-aminoalizarin 
by treatment with glycerol, nitrobenzene, and 
sulphuric acid, and it may also be produced 
I from formyl-a-aminoalizann by the action oi 
! glycerol and sulphuric acid at 100°. Its pro- 
j duction and properties resemble those of alizarin 
blue. It jk employed in printing, and iB used 
j with a nickel magnesia mordant. 

Purpuroxanthin. 1 :3-Dihydroxyanthraqui- 
i none 


n Tj ji /OH (1) 


I Purpuroxanthin exists in small quantities in 
madder. It can be prepared by heating purpurin 
I C 14 H 6 (OH) a O a with iodide of phosphorus and 
water, or more readily by boiling purpurin with 
caustic soda and chloride of tin. 

Preparation. — Purpurin is dissolved in a 
boiling solution of caustic soda (10 p.c.), and 
chloride of tin added until the solution loses its 
deep-red tint and becomes of a yellow colour. 
Hydrochloric acid is then added, the precipitate 
washed with strong hydrochlorio acid, dissolved 
in baryta water, reprecipitated with hydroohloric 
acid and crystallised from alcohol. 

Purpurin is also readily reduced by .means 
of an alkaline solution of sodium hydroaulphite. 

Purpuroxanthin crystallises in reddish-yellow 
needles which melt at 262°-263°. It dissolves in 
alkalis with a reddish colour. If the solution 
in caustic potash be boiled in the air, it absorbs 
oxygen, the purpuroxanthin being reconverted 
into purpurin. 

It is not a mordant dyestuff. 

Literature.— Schiitzenbeiger and 8chiffert 
j (Bull. Soc. chim. 4, 12); Liebermann (Annalen, 
I 183, 213); Schunck and Romer (Bar, 10,172}. 
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Qubdisrla. 1t4-Dihydroxyinttoaquioone. 

oA<88>o*<gg {ij 

is obtained by heating a mixture of quinol or 
p-chlorphenol and pnthalic anhydride with 
sulphuric acid. 

C*H 4 <qq>0+C 4 H 4 <qij j 4 J 

=C 6 H 4 <^>C 6 H a <Qg j 4 J+H,0 

Together with alizarin and purpurin, it is 
obtained by the action of ammonium persulphate 
on anthraqujnono in sulphuric acid solution ; 
also on heating anthraquinone in sulphuric acid, 
containing boric acid, with nitrous fumos. 

Preparation. —Equal parts of p-chlorphenol 
and phthalic anhydride are heated to 200°-210 1 
for some hours, with ten times as much sul¬ 
phuric acid as ehlorphenol used. The product 
is poured into two or three times its volume of 
water, and after standing for twenty-four hours, 
the precipitate is filtered off, washed and 
pressed. 

The crude product is then boiled with wator 
to free it from phthalic acid, dissolved in caustic 
soda, precipitated with hydrochloric acid and 
recrystallised from alcohol. In order to remove 
a small quantity of purpurin, which is nearly 
always present, the crude quinizAnn is then 
washed with cold dilute caustic soda as long as 
the solution is coloured red, and the residue 
recrystallised from toluene. 

Quinizarin is also obtained by heating either 
the 1- or the 2-hydroxyanthraquinones with 
nitrites and boric acid in sulphuric acid solution 
at 180°-200°. The formation of quinizarin 
from 2-hydroxyanthraquinone is certainly re¬ 
markable, but the expected product, namely 
purpurin, is formed in traces only. A process 
of theoretical interest is that of Dienel (Ber. 
1906, 39, 926), who converts a-anthrol by means 
of a hot aqueous alcoholic solution of sodium 
nitrite and zinc chloride into two isomeric ! 
nitroso-derivatives which may be reduced to 
amino compounds and oxidised to 1 :2- and 
1 :4-anthraquinones respectively. The latter 
crystallises from alcohol in long yellow needles 
which melt at 206° (c/., however, Haslinger, Ber. 
39, 3637, who gives 190°) and by successive 
reduction, acetylation, oxidation, and hydrolysis ! 
may be changed to quinizarin. 

Quinizarin crystallises from alcohol in rod 
needles which melt at 192°-193°, and sublime at 
a*high temperature with partial decomposition. 
It dissolves readily in benzene. The solutions in 
ether and sulphuric acid are characterised by a 
beautiful greenish-yellSw fluorescence. Quini¬ 
zarin dissolves in baryta, forming a blue solution ■ 
from which it is reprecipitated on passing car- j 
bonic acid (distinction from alizarin). j 

The tinctorial effects produced by quinizarin 
on fabrics mordanted with iron, chromium, or 
aluminium are about one-tenth of those pro¬ 
duced by an equal amount of alizarin. 

When fused with potash it is converted into 
hydroxyohrysazin C U H 8 0 6 . Quinizarin forms a 
diacetate which melts at 200°. 

Literature ,—Baeyer and Caro (Ber. 8, 152); 
Bchwnok and Romer (Ber. 10,554); Bayer & Co. 
D, It. P, 81245 [eee also above), 
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Leucoquinizarin is obtained by the reduction 
of quinizarin with sodium hydrosulphite and 
sodium hydroxide. It is a yellow crystalline 
substance melting at 135°, and is of importance 
since it condenses with aromatic amines more 
readily than quinizarin itself, and is thus 
employed in the manufacture of some of the 
important acid dyes of thiff group. 

2-Nltroquinizarln is the produot obtained 
by the nitration of quinizarin in acetic acid or 
nitrobenzene solution. It formB brick-red crys¬ 
tals which dissolve in sulphuric acid to a cerise 
solution and dyes wool brown on an alumina 
mordant, violet-brown on ahromed wool. 

Quinizarin sulphonic add is obtained by the 
action of sodium sulphite on a hot aqueous 
suspension of quinizarin, preferably in the 
presence of an oxidising agent such as pyro- 
lusite. 4 

Fuming sulphuric acid (70-80 p.c. SO,) in 
large excess converts quinizarin at 20°-40° into 
1:2:5: 8-tetrahydroxyanthraquinone (Schmidt 
Bull. Soc. china. 1914, (15) 12, 1). 

The hydrogen atoms in quinizarin are not 
readily displaced by halogens, but, on the other 
hand, an additive product, a hexabromide is 
formed at 0°. At 40° the product is bromo- 
qmnizarin d'bromide, and even at temperatures 
between 100° and 230° only a dibromoderivative 
is produced. 

Dichloroquinizarines. 3 : 6-, 3 :4-, and 4 :5- 

Dichlorophthalic anhydrides react with quinol 
in presence of boric acid to produce dichloro- 
dihydroxybenzoyl bonzoio acids which are 
changed by sulphuric acid into corresponding 
dichloroquinizarines. 

5 : 8 Dichloroquinizarin crystallises in brown- 
red needles melting at 266°, and forms an acetyl 
derivative, melting at 17Q 0 . When its potassium 
salt is heated with potassium phenojide during 
eight hours at 180° it is changed to S-cJdoro-5- 
phenoxy quinizarin, light red needles melting at 
243°. The phenoxy derivative is transformed 
by p-toluidine at 150° in presence of potassium 
and copper acetates into S-p-toluidino-b-phenoxy- 
quinizarin (m.p. 278°). 5 : 8-Dichloroquinizarin 
reacts similarly with' *aniline forming 5 : 8- 
dianilinoquinizarin melting at 245°. 

5: 6-Dichloroqulnizarin melts at 208°, and 
its acetyl derivative at 140°. 

6:7 -Dichloroquinizarin melts at 288° and 
forms an acetate melting at 125°. 

Literature. —M. Frey (Ber. 45, 1358). 

Add dyes derived from quinizarin or its 
derivatives. Quite a considerable sub-group of 
anthracene dyes have been obtained by acting 
on quinizarin or its derivatives with amines 
usually in presence of boric acid. On© or two 
of the hydroxyls of quinizarin may be replaced 
by a^lamino groups, or if desired, one of the 
groups introduced may be amino or alkylamino. 
The products are sulphonated and are then acid 
wool dyes. The firm of Casaella occasionally 
oondense leucoquinizarin with ready formed, 
toluidine sulphonic acid in presence of boric 
acid. Friedlander and Schick (Zeitsch. Farben 
u. Textil Chemie, 1902, 2, 429; 1903, 3, 218) 
have shown that thj reaction leading to the 
formation of these dyes is reversible in the case 
of the condensation with leucoquinizarin, and 
have applied this observation in order to hydro¬ 
lyse some rives found in commerce and so prove 

< 
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their nature. They find that acid dyes of this 
series which contain a sulphonated anilino- or 
toluidino- group will usually yield leucoquini- 
z&rin or similar substance, together with an 
aniline or toluidine sulphonio acid by boiling 
with stannous chloride in aqueous alcoholic 
hydrochlorio acid solution. 

Alizarin Emerafdol G, Alizarin Uranole R, 
Alizarin Geranol B, Alizarin Heliotrope R, BB, 
and Alizarin Marine Blue RG, W, are examples 
of acid dyes of similar type to those described, 
but of undisclosel constitution. 

Qoinizarln Blue 



This dyestuff is prepared by heating quini- 
sarin and aniline in molecular proportions and 
sulphonating the product. From an acid bath 
it ayes wool a red shade of blue, and gives a 
greenish-blue with chromed wool. 

Alizarin Irlsol D (R) (Bayer, D. R. PP. 
8(1150 and 91140). 



Quinizarin or leucoquinizarin is condensed 
with p-toluidine and the product sulphonatcd. 
The substance is isomeric with Alizarin Cyanol 
Violet {q.v.). 

Alizarin Cyanol Viofct R (Cassella, D. R. PP. 
172464 and 181879). 



Leucoquinizarin is condensed with 4-amino- 
toluene-2-sulphonic acid and the product 
oxidised. 

"'Alizarin Pure Blue and Alizarin Blue GG have 
the respective formula 1 :— 


CCO”' 


NH, 


NH0,H 4 SO 3 H 


CCO 


Nil, 
SBr 


NHO,H,(CH,)SOjH 


Alliarln Cyanol B (Caawlla, I). R. l’P. 
18889S, 111262, 119362). The mixture of 1 : B- 
and l: 8-anthraquinone dinulphonio acids is 
changed by ammonia ariti sodium chlorate at 
170“ to corresponding diamino anthraquinones 
and aminoanttiraquinonesulphonio aSids. The 
latoer are brominated to mixed dibromo- 


derivatives, and these are condensed with aniline 
and sulphonated. I 

Alizarin Astrol • 


NHMe 


(TV ) 

NH-C,H,-SO,H 


dyes wool greenish-blue from an acid bath. 

“ Alizarin Rublnol G, 3G, GW (Bayer, D. R. P. 
201904) 



is obtained by the sulphonation of p-toluidino- 
N-methylanthrapyridone. It dyes wool in red 
shades from an acid-bath. 

Quinizarin Green. 

Quinizarin is treated with an excess of 
aniline and the product sulphonated. The dye¬ 
stuff is the sodium salt of the sulphonicacid, and 
has the constitution 



^CO' -V- 


NH- 


!O s Na. 


The green shades produced on wool from an 
acid-bath are fast to light and milling. 

Anthraquinone Green is the corresponding 
monosuiphonic acid. 

Alizarin Cyanine Green E, G Extra, K 

(Bayer) 


NH-C fl H 4 (CH,)S0 8 H 

rY a Vi 

^ NH , C 8 H 4 (CH 3 )SO ,H 


This dye is obtained by sulphonating the 
product of the complete tolylation of quinizarin. 
It dyes wool from an acid bath a very vivid 
green. This dye has now displaced for most 
purposes the Alizarin Viridine which is similarly 

S ared from Alizarin Bordeaux. An isomeride 
very similar properties is Alizarin Brilliant 
Green G, 8E (Casseua), and the difference in 
constitution is the same ps that between Alizarin 
Irisol and Alizarin Cyanol Violet. The dye now 
in question is obtained by carrying to the second 
stage condensation between leucoquinizarin 
and 4-aminotoluene-2-sulphonic acid. 

Hystazarln. 2 : 3-Dihydroxyanthraquinime, 



This substance is formed,*together with alizarin, 
when a mixture of pyrooatechol and phthalic 
anhydride is treated with sulphuric acid-—6 
grams of pyrocatechol, 6-8 grams phthalic 
anhydride anq. 75 grams sulphuric acid are heated 
for 4} to 5 hours to 340-150° on a sand-bath. 
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The resulting product, while still warm, is 
poured into J litre of water, heated to boiling, 
and filtered hot. | 

The dark-green precipitate thus obtained is 
well washed with hot water, dissolved in dilute 
potash, and the dark-blue solution precipitated 
by dilute sulphuric acid. The precipitate is 
washed with water, dried on a porous plate, and 
treated with boiling alcohol in an extraction 
apparatus, by which means a considerable por¬ 
tion is dissolved. 

The dark-red solution on evaporation yields 
an orange-red mass, which consists of alizarin 
and hystazarin. Those two substances are 
readily separated by treatment with boiling 
benzene, which dissolves the alizarin and loaves 
the hystazarin ; the latter may then be further 
purified by recrystallisation from acetone. 

Yield l£p.c. alizarin and 12 p.c. hystazarin 
of pyrocatechol used. 

The following conditions for the preparation 
have also been published: 30 grams pyro- 
catoohol are heated with 42 grams phthalie 
anhydride and 300 grams sulphuric acid at 
180 -200° for half an hour. Yield of hystazarin 
was 6 grams, and of alizarin 1 gram. 

Hystazarin mav be synthesised bv the 
following series of reactions:—Phthalie anhydride 
condenses with veratrol in carbon disulphide 
solution under tho influence of aluminium 
chloride. • 

/\ 0Me 

\A C0 / \/° Me 

Phthalie anhydride. Veratrd. 

-COOH /\. 0Me 

,co-A/° Me 

8:4: dimethoxybenzoyl- 
benzolc acid. 

The 3 : 4 -dimetboxybenzoylbenzoio acid 
thus produoed yields 2:3; dimethoxyanthra- 
quinone on heating with concentrated sulphurio 
acid. This is hystazarindimothyl ether and 
yields hystazarin on domethylation. 

Hystazarin crystallises from acetone in 
orange-yellow needles, which do not melt at 260°. 

It is almost insoluble in benzene, difficultly 
soluble in xylene, soluble in hot alcohol, ether, 
glacial aoetio acid, and acetone. 

It dissolves in alkalis with a blue (corn 
flower) colour, in ammonia with a violet colour, 
and in concentrated sulphuric aoid with a blood- 
red oolour. The barium salt is a blue precipi¬ 
tate, the oaloium salt a violet precipitate; both 
are insoluble in water. 

Hystazarin possess^ only very feeble tinc¬ 
torial properties. The faint red colour pro¬ 
duced with an aluminium mordant coffers in 
shade from the alizarin red. Tho solution of 
hystazarin in dilute sodium hydrate absorbs 
the yellowish red and violet rays of the spectrum. 
A very dilute solution shows two lines in the 
yellow, \ .=587-4. Distilled over zinc- 

dust, hystazarin yields relatively large quantities 
oi anthracene. , , . ., 

Hystazarin is changed by sulphuric acid at 
200° slowly into alizarin. It is probable that 
the reaction is one of hydrolysis into phthalio 
acid and catechol and subsequent oondensa- 
You L-2\ „ 


tion in the ortho- position to the hydroxyl 
group. 

Literature. — Liebermann and Sohoeller 
(Ber. 21, 2601-2608); Lagodzinski and LortStan 
(Ber. 28, 118); Liebermann and Hohenemser 
(Ber. 36, 1778); Schrubsdorf (Ber. 36, 

2936). . 

Diacetyl hystazarin C u H 0 O,(OC,H,O), crys¬ 
tallises from acetio acid in needles, which melt at 
206°-207°. 

2 : 3-di Hydroxyanthranol is obtained by the 
reduction of hystazarin with zinc dust and 
ammonia. It occurs in yellow-brown needles 
melting at 282°, and format a triacetyl derivative 
melting at 163°. g 

1-Nitrohystazarin is obtained when hystazarin 
is nitrated in sulphuric acid solution by means 
of a molecular proportion of nitric acid. Further 
nitration leads to* 1 :4 -dinUrohystazarin, and 
both these derivatives have only a slight 
tinctorial power on mordants. 

1 : 4-Dibromohystazarin is obtained by bromi- 
nating the substance at 150° in a sealed tube. 
It melts at 127°-129° and dissolves in alkaline 
solutions with a violet colour. 

Anthraflavic acid. 2 :6-Dihydroxyanthra- 
quinone 

(6) HO C,H s <^>C.H, OH. (2) 

Anthraflavic acid is prepared by fusing a-anthra- 
quinone disulphonic acid with potash, and ia 
therefore nearly always present in artificial 
alizarin. Synthetically it has been obtained by 
heating m-hydroxybenzoic acid with sulphuric 
acid to 190°. 

20H*C e H 4 C00H 

! OIIC a H 3 <S>C,H,-OH ! H I 0. 


This mode of formation proves tha^ this sub 
stance contains the two hydroxyl groups ir 
different benzene rings. 

Anthraflavic acid crystallises from alcohol u 
yellow needles which melt above 330°. The pun 
substance when carefully heated sublimes par 
tially in yellow needles, leaving a oonsiderablt 
quantity of a carbonaceous residuo. Anthranavl 
aoid doos not dye mordanted cloth. It dissolve 
in alkalis forming a yellowish-red solution, am 
in sulphurio acid forming a green solution, th 
absorption spoctrum of which shows a broas 
band between tho blue and the green. Antbxa 
i flavio aoid forms a number of salts, of whioh th 
sodium salt is the most characteristic. This sa 
is sparingly soluble in water, and is remsrkabl 
for the ease with whioh it crystallises; tbs dil 
I tinguishes it from woanthraflavie acid, and giv< 
a ready means of separating these two substanoei 
When treated with aoetio anhydride, antbraflav 
acid terms a diacetate molting at 228 , -229 . 

Literature.—FeAin (Chem. Soo. Trans. 187 
24.1109 ; 26,19); Sohunck and Romer (Ber.' 
379 • 11, 970); Liebermann (Ber. 6, 968 
Rosenstiehl (Bull. Soo. ohim. 29, 401-434 
Barth and Senhofer (Ber. 170, 100). 

Tetranitroanttoaflsvtc acid consists of yello 
needles exploding without fusion at 407 
It is obtained by thp action of nitric Mid < 
anthraflavic acid. By the employment of ti 
calculated amount of‘nitric acid it is possit 
to obtain a iinitro derivative which dyes 
from an asid-bath. 
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Literature .—Schradinger (Ber. 8, 1487). 

i«o Anthraflavio add. 2 : 7-Dihydroxyanthra- 
quinone 

(7) HO C fl H 8 <co> C » H »' OH ( 2) 
is formed when £-anthraquinone disulphonic acid 
is fused with potash,Und is therefore always con¬ 
tained in crude alizarin. In preparing it, crude 
alizarin is dissolved in dilute caustic soda, the 
solution precipitated with hydrochlorio acid, and 
the precipitate dissolved in cold baryta water 
and filtered. (In this way woanthraflavic acid, 
which forms a solublp baryta compound, is easily 
separated from alizarin, anthrapurpunn, and 
anthraflavio ad.d, which yield insoluble barium 
compounds.) The filtrate is treated with hydro¬ 
chloric acid, and the precipitate rccrystallisod 
from alcohol, /soanthraflanc acid crystallises 
in long yellow needles, containing 1 mol. J1 2 0, 
whioh can be driven off at 150°. It melts above 
330° and sublimes at a high temperature in 
lustrous yellow needles. It dissolves oasily in 
alkalis forming a deep-rod solution, but it does 
not dye mordanted cloth. Fused with potash 
»,voanthraflavio acid yields anlhrnpurpurin. 

The diacetate of isoanthraflavic acid.melts at 
195°. 

Literature .—Schunck and Romer (Ber. 9 
379). 

Anthrarufln. 1 : 5 -l)ihy<Iroxyanthraqumone 


(/)) HOC e H s 


'a! >c.HyOH. (1) 


Anthrarufln is formed together with anthraflavio 
acid and mcAabenzd\u x y an V hraepnnone by 
heating m-oxy benzoic and with sulphuric acid. 
(2) OU<3 t Ii*-COOH 

=0H-C,H,<^>0,H,-0II + 2H.O. 

It may also be obtained by fusing o- anthra- 
quinone disulphonic acid with potash. 

Another process depends on the fact that it 
is the chief product when anthraquinono is 
oxidised with sulphur trioxido under the following 
conditions:—Anthraqumone (50 parts) is heated 
with fuming sulphuric acid (1000 parts containing 
80 p.c. S0 8 ) and boric acid (20 parts) for 36 
hours at 100° under pressure. 

Anthrarufin is manufactured, mainly as an 
intermediate for alizarin saphirol, by beating 
anthraquinone-1 : 6-disulphonic acid with milk 
of lime under pressure. 

Anthrarufin orystallisos in yellow needles 
whioh melt at 280° and sublime easily at a higher 
temperature (distinction from anthraflavio acid). 
It dissolves with difficulty in ammonia and soda, 
hut more readily in potash. 

Anthrarufin dissolves in sulphurio acid, 
forming a deep-red solution, the colour of^which 
is so intense that it is still easily apparent in 
solutions containing only 1 part in 10,000,000. 

Anthrarufin forms a diacetate which melts 
at 244°-245°. 

Anthrarufin dimethyl ether is obtained on 
boiling 1:5: dinitroanthraquinone with methyl 
alooholio caustic soda. The substance forms 
deep-red needles of m.p. 230°. 

Literature .—Schunok knd Romer (Ber. U, 
1175) i IieBermann and«Dehnst (Ber. 12, 1289); 
Bayer and Co. D. R. P. 101220; Heus (Ber. 
W2923). 


Anthrarufin monoethyl ether occurs in yellow * 
needles melting at 164° and yielding an acetyl 
derivative melting at 173°. I 

Anthrarufln diethyl ether forms long silky 
needles melting at 178°. 

Alizarin Saphirol B. Alizarin Delphinol. 

on r0 Nir s 

NaSO ,—/ / V't 

x/t > SO.Na 

Nil 2 CO 7 OH 

is an important blue acid wool-dye derived from 
anthrarufin by successive sulphonation, nitration, 
and reduction. This dyestuff cxfAs in respect 
to its fastness to light. 

It may also bo obtained by the reduction of 
I : 5-dmitroanlhraqumone in alkaline solution 
followed by acidification and sulphonation. 
The first product is a dibydroxylaminoanthra- 
quinone, and this rearranges into an amino- 
compound by the action ot the acid. Dinitro- 
anthrarufin may also form the source of this 
or a very similar dyestuff into which it is con¬ 
verted by the action of sulphites. Alizarin 
Saplnrol SK is the monosulphonic aoid. There 
are also dyestuffs of this type which contain a 
bromine atom in the anthraquinone nucleus. 

Alizarin Celestol is obtained by the action 
of formaldehyde on Alizarin Saphirol. 

1: S-DiMydroxyanlflraquinone 

(«) ( 1 ) 

Tlua was the last oi the dihydroxyanthra- 
(\uitionoH to he obtained, it having been pre¬ 
pared by Probemus and Eepp m 1907 (Ber. 40, 
1048). l-Nitroanthraquinone-6-sulphonic acid 
was converted by sodium raethoxido into 1- 
wethoxyanthmquinone-6-sulphonic acid, and 
the latter' hydrolysed to a hydroxyanfchraqui- 
none sulphonic acid by heating with sulphuric 
acid. The sodium salt was then prepared and 
heated with nnlk of lime at 195° under pressure. 
Tho substance crystallises in orange-yellow 
needles molting at 271°-272°, and dissolving in 
ammonia or potassium hydroxide to a yellow 
solution. Oxidation by heating under pressure 
with a solution of sodium hydroxide and sodium 
nitrate results in the production of flavopur- 
purin. 

Metabenzdioxyanthraquinone. 1:7-Dihy- 

droxyanthraquinone 

(7) HO-C s H,<£° > C,H j --OH (I) 

Literature .—Schunck and Romer (Ber. 11, 
1176); Liebermann and Dehnst (Ber. 12, 
1289). * 

Metabenzdihvdroxyanthraquinone C^HnO. 
is formed together with anthraflavio aoid and 
anthraihifin by heating ra-hydroxybenzoio acid 
with sulphurio acid (v. supra). It is separated 
from these by treatment with benzene and 
subsequent recrystallisation from dilute aloohol. 
Metabonzdihydroxyanthraquinone forms yel¬ 
lowish needles which melt at 291°-293°, -and 
sublime at a higher temperature almost without 
decomposition. It dissolves in alkalis with a 
dark-yellow colour, and in concentrated sul¬ 
phuric acid, forming a brownish-yellow solution, 
which shows no absorption bands. 
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The diacetate of motabenzdihydroxyanthra- 
quinone melts at 499°. 

Literature .—Sonunck and Romer (Ber. 10, 
1225); Rosenstiehl (Ber. 9, 946). 

Chrysazin. 1: 8-Dihydroxyanthraquinone is 
formed by fusing x-anthraquinonodisulphonic 
acid with potash, or by treating hydrochrysarnid 
C J4 H a {NH 2 ) 4 (0H) 2 0 2 with nitrous acid and 
alcohol. (N.B.—Hydrochrysarnid is obtained 
by the reduction of chrysammic acid 
C u H 4 (N0 8 ) 4 0 4 , which is tho product of the 
action of nitric acid on aloes.) 

It is manufactured by heating anthraquinone- 
1 : 8-disulphonio acid with milk of lime under 
pressure witTi or without the addition of calcium 
chloride. 

Chrysazin forms reddish-brown needles, 
which melt at 191°. It dissolves in alkalis and 
sulphuric acid, with a red colour Its diacetato I 
melts at 227°-232°. 

Urudo dinitroanthraquinono contains a com¬ 
pound which is converted into chrysazin dimethyl 
ether on treatment with methyl alcoholic potash. 

Literature .—Lieberrnann (Annalen, 183, 184). 

Derivatives of Chrysazin. 

Monopotassium salt. Chrysazin is dissolved 
in a little hot dilute potassium hydroxide solu¬ 
tion. The salt separates in orange-red needles 
which contain water of crystallisation, and on 
heating at 100° become^anhydrot*?, the colour 
changing to violet. 

Chrysanthranol, 1:8- Dihydroxyanthranoi. 

This substance, which possesses therapoutic 
value similar to that which characterises 
chrysarobin, may be obtained by the reduction 
of chrysazin with hydriodic acid and phosphorus. 
It melts at 177°, and forms a triacot.yl derivative 
melting at 210°. 

4 : 5-Dichlorochrysazin is obtained by passing 
chlorine into a suspension of chrysazin in sul- 
phurio acid of such a concentration that the 
b.p. is 120°. 

Chrysazinamide, l - Amino-8-hydroxyanthra- 
quinone is obtained by saturating a chrysazin 
paste with ammonia at 0° and heating in a 
sealed tube. 

Chrysazin-dlsulphonic acid is obtained by 
sulplionation of chrysazin with oleum (20 p.o. 
S0 8 ). It is isolated as a potassium salt, and 
on fusion with alkali yields a dihydroxy chrysazin 
melting at 292° (acetyl derivative, m.p. 233°- 
240°) and isomeric, but not identical with a 
tetrahydroxyanthraquinone obtained by fusing 
ohrysazin with potassium hydroxide in a vacuum. 
The latter substanoe ocours in dark red needles 
melting at 217°, and forming a tetraeetyl deri¬ 
vative melting at 195°. 

Dinitrochrysazin (p*>bably 4: 5-dinitro-l: 8- 
dihydroxyanthraquinone). Chrysazin dimethyl 
ether (obtained from 1 : 8-dinitroanthraquinone 
by the action of sodium methoxide) is'nitrated 
by means of a mixture of nitrio and sulphurio 
aoids. The resulting dinitrochrysazin dimethyl 
ether orystallises from ohlorobenzene in green 
needles melting at 232°-233°. It may be 
hydrolysed by hot 10 p.o. sulphurio aoid, and 
the dinitrochrysazin separates from chloro¬ 
benzene in orange-yellow crystals melting at 
232°-234°. Chrysazin is coining more and more 
into use as an intermediate for the preparation 
of dyestuffs, and, for example, the processes 
which are used to convert anthrarufin into 


Alizarin Saphirol may also be applied to chry¬ 
sazin, and the product is a valuable wool dye. 
For this reason it is not the invariable practioe 
to separate anthraquinone-1 :5- and 1 :8- 
disulphonio acids, but instead the mixture may 
bo converted into a mixture of anthrarufin and 
ohrysazin, and by successive sulphonation, 
nitration, and reduction, either with stannous 
chloride or with sodium sulphide, a useful dyo 
of Alizarin Saphirol type obtained. 

There is further a goneraUsimilarity between 
quinizarin, anthrarufin, and ohrysazin as regards 
the production of acid dyes by condensation 
with aromatic aminos followed by sulphonation. 
Thus condensation of anthrarufin and p-toluidine 
followed by sulphonation of tho product leads 
( to tho dyestuff Anthraquinone Violet , and similar 
products may b6 prepared from chrysazin. 
Chrysazin is not a mordant dyestufL.but dinitro, 
dihydroxylamino, and diaminochrysazins can 
! bo applied to mordanted fabrics. The dinitro 
compound dyes chromed wool blue. 

Literalure. —Nchrubsdorff (Ber. 36, 2936); 
Wobling (Ber. 36, 2941); Nblting (Chem. Zeit. 
1910, 977 ; J. Soc. Chem. Ind. 1898, 372; 1900, 
342; 1906,314). 

Dihydroxyanthraquinone (?), described as 
isochrysazin, has been obtained by Lifschutz 
(Ber. 17, 897) by treating dinitroanthroquinone 
with concentrated sulphurio aoid. 

It crystallises from alcohol and ether in 
deop-red needles, which molt at 175°-180°. It 
dissolves in alkalis and in ammonia with a 
reddish-violet colour, and in sulphuric acid with 
a reddish yellow colour. When heated it 
sublimes readily, and at a comparatively low 
tomporature, in orange-red plates or needles. 
It does not dye mordanted cloth. 

The diacetyl compound melts at 160°-165°. 

In view of tho fact that dinitroanthraquinono 
is a mixture of the 1 :5- and J : 8-isomerides, 
it appears very probable that this supposed 
dihydroxyanthraquinone is a mixture. 

Constitution of the dihydroxyanthraqulnones. 
The synthesis of quinizarin from phtlialic 
anhydride and quinol establishes its constitution 
as 1 : 4-dihydroxyanthraquinone 



Further alizarin and hystazarin are produoed bv 
the condensation of phthalic anhydride with 
catechol. 

It follows that these colouring matters are 
represented by the following formula :— 



I. II. 


The synthesis of alizarin from hemipinio aoid is 
conclusive evidence tl^t the formula I. represents 
alizarin, and consequently II. is th^ structure of 
hystazarip. * 

Again, purpurin is produced by the oxidation 
of both aliiarm and quinizarin, and must tnere- 
fore be 1; 2: 4-trihydroxyanthraquinone 
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On reduction it yjplds neither alizarin nor 
quinizarin, but purpuroxanthin, which is 
obviously 2:4-dihydroxyanthraquinone (the 
same position as 1:3). 

Similar arguments can be developed with 
respect to the rentaining isomerides of alizarin. 
Alizarin Indigo G (Bayer, D. R. P. 237199) 

0 


/\/ co \/ 


u 


\C(K 


—Q ^ 2 ^ r * 


This is a vat dye obtained by the condensation 
of dibromoisatin chloride with a-anthrol. The 
solution in sodium hydrosulphite is yellow- 
brown, and cotton is dyed in pure greenish-blue 
shades of excellent fastness. 

III. Trlhydroxyanthraquinones: Anthrapur- 
purin, /aopurpurin, Hydroxy twanthraftyvlc acid. 
1:2: 7-Trihydroxy an thraquinono 

ho/X/ CO \/\oh 

\.AoA/ 

This important colouring matter is contained 
in crude artificial alizarin. It is formed by fusing 
ff-anthraquinonedisulphonio acid, i-soanthra- 
flavic acid, metabenzdihydroxyanthraquinone, 
or a-dibromanthraquinone with potash. 

The preparation of tjhis substance is a some¬ 
what tedious process, dependent on the fact that 
anthrapurpurin differs from alizarin in the 
behaviour of its alumina lake. The former, on 
treatment with an alkaline carbonate, is dis¬ 
solved, whilst tho alizarin lako remains un¬ 
attacked. The solution containing the anthra¬ 
purpurin is filtered from the alizarin lake, heated 
to boiling, and aoidified with hydrochloric aoid. 
The anthrapurpurin thus obtained is purified by 
conversion into its difficultly soluble sodium 
compound, and from this, by precipitation with 
barium chloride, the barium salt is obtained, 
which is decomposed with hydrochlorio acid. 
The preoipitate is collected on a filter, well washed 
with water and recrystallised from glacial aoe- 
tio acid. 

As already mentioned above, the manufacture 
of alizarip always implies the production of a 
oert&in amount of the anthraquinone 2 : 6- and 
2 :7-disulphonio acids, and the methods by 
which these substances are isolated have been 
discussed. On fusion with alkali it is possible 
4o obtain from these sulphonic acids either the 
corresponding dihydroxyanthraquinones or, on 
the other hand, to imitate the alizarin fusion 
and to introduce a further hydroxyl group. 
In this way anthrapurpurin and flavopurpurin 
are produoed on a commercial scale. The 
temperature of the fusion must be considerably 
higher than that whioh suffices for the conversion 
of ‘ silver salt * into alfearin. The conversion 
of^nthraflavic acid and isoanthraflavio acid into 
corresponding trikydroxyanthraquinones occurs 
With very different rapidity, the former substance 


jvVedekmd and Co. (D. R. If 194945) fuse 10 
parts of anthraflavic acid with 50 parts of salt¬ 
petre and 1500 volume parts of caustic lye 
(b.p. 185°) at 215°-225°. Bayer (D. R. PP. 
205097 and 223103) employ only a 20 p.c. 
caustic soda solution and a temperature of 
180°-200°. If, however, in fusing the disul- 
phonic acids with alkali the temperature 
nocessary is quickly reached, it is probable the 
reaction first leads to alizarin sulphonic acids, 
which arc subsequently changed to anthra¬ 
purpurin and flavopurpurin. The following 
example of the proportions used in the fusion 
may be given :— 

Two cbm. of tho disulphonic acids liquor 
(obtained as already described) containing 
solid in suspension and with a dry content 
amounting to 27*I>5 p.c., equivalent to 553 kg. 
of tho sodium salts, is mixed with 180 kg. 
saltpetre and 1012 litres of soda lye of 45° B£. 
(containing GJ8 kg. NaOH). This mixturo is 
heated nearly to boiling, and three drums of 
solid caustic soda then added (795 kg.). This 
procedure ensures the rapid heating of the 
mixture which is so necessary to obtain good 
results. The reaction is carried out in apparatus 
similar to that used for the preparation of 
alizarin, and the operation of fusion occupies 
48 hours. (The product is worked up much 
in tho same way as alizarin, and is brought into 
commerce in the form of a paste. The impurity 
present in these trihydroxyanthraq uinones is 
usually anthraflavic acid, and this may be 
separated by taking advantage of the insolu¬ 
bility of the sodium Balt of anthraflavic acid in 
sodium hydroxide solution of 10°-12° B6 In 
order to separate the anthraflavic acid it is 
accordingly merely necessary to dilute to this 
concentration and filter off the Bodium anthra* 
flavate. 

Anthrapurpurin crystallises in orange- 
coloured needles, which melt above 330°, and, 
when carefully heated, sublime in long red 
needles. It dissolves in alkalis with a violet 
colour ; the solution shows tho same absorption 
spectrum as alizarin 

With acetic anhydride anthrapurpurin forms 
a triacetate €uH 6 (C 2 H 8 0) 8 0 5 , which crystallises 
in yellow needles, melting at 220°. 

By careful hydrolysis tho triaoetvl deriva¬ 
tive may be converted to a diacetyl derivative, 
a micro-crystalline pale yellow powder which 
melts at 175°-178°, and is also obtainod by the 
moderated acetylation of anthrapurpurin. This 
substance possesses therapeutic value. When 
heated with ammonia, anthrapurpurin is con¬ 
verted into anthrapurpu .'inamide 

C u H 6 (NH b )(0H) 2 0, 

Anthrapurpurin has the same affinity for 
mordants as alizarin; the colours it produces 
are also analogous to Borne extent, as it produces 
reds with alumina, purples and blacks with iron 
mordants. There is, nowever, a considerable 
difference in the shade of colour produced, the 
reds being much purer and lass blue than those 
of alizarin, whilst the purples are bluer and the 
blacks more intense. When used in Turkey-red , 
dyeing it produces very brilliant colours of a 
scarlet shade, whioh are of remarkable per- 
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Literatim .—Perkin (Chem. Soc. Trans. 26, 
669 ; 26, 425; 2f, 851); Caro (Ber. 9, 682); 
Sohunok and Romtr (Ber. 9,679 ; 10, 972,1823 ; 
13, 42); Rosenstiehl (Bull. Soc. chim. 29, 405); 
Auerbach (J. 1874, 488); Ullmann (Enzyk, 
der Tech. Chem. under Alizarin). 

Purpufin 1:2:4-Trihydroxyanthraquinone 

/\/ CO \/\OH 

Purpurin occurs along with alizarin in ' 
madder, proBably as a glucoside. In order to 
separate it from alizarin, the mixture of the two 
substances is repeatedly recrystallised from a 
hot solution of alum, in which purpurin is more 
soluble than alizarin, or tho mixture is dissolved 
in caustic soda and the solution saturated with 
carbonic acid. This precipitates the alizarin, 
but not tho purpurin. 

Purpurin is obtained when alizarin or 
quinizarin (1 pt.) is heated with pyrolusite 
(1 pt.) and concentrated sulphuric acid (8-10 pts.) 
at 160°. The oxidation of alizarin to' purpurin 
is also effected by tho action of ammonium 
persulphate in sulphuric acid containing sul¬ 
phuric anhydride. o-Aminoalizarin is changed 
to purpurin by tho action of nitrous acid in 
sulphuric acid solution, or by the action of 
sulphuric acid alone at 160°. Alizarin yields 
purpurin by the action of sulphuric acid at 
225°. Alizarin sulphonic acid is oxidised by 
heating with sulphuric acid and a nitrate to 
purpurin sulphonic acid, and tho latter yields 
purpurin on neating under pressure with dilute 
mineral acids. Anthraquinone-1-sulphonic acid 
if heated with oleum containing a high per¬ 
centage of SO 3 iB changed to a sulphuric ether 
which is hydrolysed by heating with sulphurio 
acid, and tho product is purpurin-1-sulphonic 
acid. This dyes alum mordanted wool in red 
shades, and may be converted into purpurin. 

Purpurin crystallises from dilute alcohol in 
long orange-ooloured needles, which contain 
l mol. H 2 0. The pure substance begins to 
sublime at 150°, and melts at 253°. It is 
slightly soluble in water, forming a deep yellow 
solution; in alkalis it dissolves with a purple- 
red colour; in alkaline carbonates with a red 
colour. The solution in alkalis shows two 
marked absorption bands in the green. Purpurin 
also dissolves readily in ether, carbon disulphide, 
benzene, and acefcio acid; these solutions give 
two absorption bands, one at v and the other 
near e ; the solution in sulphurio acid shows 
another line in the yrilow. When boiled with 
acetic anhydride it yields a triacetate, 

C 14 H,(C,H,0),O v , 

which crystallises in yellow needles, melting at 
192M93 0 . 

AqueouB ammonia at 160° converts purpurin 
into purpurinamide 

c ^,<^> c 1 H{NH J )( 0 H) > (OH:OH:Nil, 

= 1:8:4). 

whioh, when boiled with ethyl nitrite, vields 

porporoxanthin, 

c * h ‘<$o> c ^«<oh, % 


Purpuroxanthin is also the produot when 
purpurin is reduced with either alkaline stannous 
ohloride or sodium amalgam. If, however, 
zino-dust be employed as the reducing agent in 
weakly alkaline, neutral, or acid solution, then 
the leuco- compound of quinizarin is obtained. 
Purpurin is converted # into 2-anilino-l: 4* 
dihydroxyanthraquinone when heated with a 
mixture of aniline and anilino hydrochloride. 
A certain amount of dianilino-hvdroxyanthra* 
quinone is produced at the same time. 

Purpurin dyes fabrics mufch in the same way 
as alizarin and anthrapurpurin, there being, 
however, a difference in ftie shades. The reds 
produced by purpurin aro mu&h yellower, and 
tho browns (with chrome mordant) much more 
intense than aro produced either by alizarin or 
anthrapurpurin. , 

The following figure shows tho absorption 
spectrum of a solution of purpurin in aluminium 
sulphate:— 


Aa BC D Eb V Q 



Alizarin Blue Black B, 3B, G (Bayer), is 
obtained bv tho condensate of purpurin with 
aniline followed by sulphonation of tho product. 
The dye is appliou on a chromium mordant. 

Purpurin-3 : 8-disulphonlc acid is obtained 
by heating the potassium salt of anthranuinone- 
1 : 5-disulphonic acid with boric acid and 40 p.o. 
oleum under 6-7 atmos. pressure. The pur¬ 
purin disulphonic acid so produced forms a 
potassium salt which crystallises from dilute 
hydrochloric arid in yellow' red leaflets which 
have a bronze lustre. .Heated at 180° with 70 
p.c. sulphuric acid the disulphonic acid is changed 
to pur pur in-8-sulphonic acid, and in the presence 
of a mercury salt into purpurin itself (Bayer, 
I), R. P. 172688). The action of alkali sulphites 
on purpurin leads to the production of purpurin - 
3-sulphonic acid, which may readily be recon¬ 
verted into purpurin. 

3-Chloropurpurln 'ft formed along with 
dichloropurpuroxanthin by the action of sul¬ 
phury 1 chlorido on a sulphuric' acid solution 
of 2:4-dihydroxybenzoylbenzoic acid in tho 
presence of boric acid. It crystallises in deep 
red needles melting at 270°-273° (Mettler, Ber. 
45, 800). 

Flavopurpurin. 1 2 : G-Trihydroxyanthra- 
quinone 


CO 0H 

/\/ C °\/\0H 
j i i I 

H °V\o. 


Flavopurpurin occurs in commercial artificial 
alizarin, but is with difficulty isolated from this 
product, owing to the fact that its chemical 
properties agree so olosely with those of anthra¬ 
purpurin, which is rIbo nearly always present 
in artificial alizarin, that it can only with diffi¬ 
culty be separated fiom this substance. 

It is prepared by fusing jS-anthraquinone- 
disulphcftiio acid or anthraflavic acid with 
potash or soda with or without the additign of 
a nitrate (Sr chlorate. The details of the technical 
preparation have been discussed^ above under 
A mhrapurpurin. 
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It may be eynthesimd by the following series 
of reactions:— 

Hemipinio anhydrido condenses with anisoJe 
n the presence of anhydrous aluminium tri¬ 
chloride, yiolding the trimethyl other of 4 : 5 : 6- 
ribydroxybensoyl benzoio acid. 

o' OMe 

Y +0 < YV 

le0 \/ CO "\/ 

Anisole. Homipinic anhydride. 


HO ; 


00 - 


OH 


v\» 


\/^\oH 

‘NO, 


CO 


OMe 


OMe. 

MoO\/' HOCO\/ 
Triraethoxy^enzoylbenzoio acid, 
’his bonzophonone derivative is reduced by 
inc-dust and concentrated hydrochloric acid, 
nd the product is 4 : 5 : 6-trimothoxydiphenvl- 
aethanocarbexylio acid, which is changed by 
ulphurio acid to 1: 2 : 6- tri methoxy an throne. 

OMe 

/\y Cil 


is similarly constituted to /3-nitroalizarine. It 
is obtained by the nitration of flavopurpurin with 
ordinary nitric acid. Fast orange shades can be 
produced by applying this compound with an 
aluminium mordant. 

On treatment with glycerol and sulphuric 
acid a trihydroxyanthraquinone quinoline of 
the constitution 

■o OH . 

° V /X OH 


HO 


\/\ 


CO' 


\/ 


leO 


;OMo 


HOCO 


; 5:6-trlmethoxydipl\euylmethauecarboxylic acul. 

OMe 

A/H lV y, 

^ MeOl L i 1 


"CO 

1:2:6-trimethoxyanthrone. 

: 2 : 6-trimethoxyanthrone crystallises from 
>enzene in small noodles melting at 170°. It is 
•xidised by chromic acicj in glacial acetic acid 
olution to the trimethyl ether of flavopurpurin, 
vhich consists of yellow needles, crystallises from 
icetio acid, and melts at 225°. The trimethyl 
ither is hydrolysed to flavopurpurin by the aotion 
>f aluminium chloride at 210. 

Flavopurpurin crystallises from alcohol in 
inhydrous yellow needles, sparingly soluble in 
vater, but readily soluble in cold alcohol. Its 
nelfcing-point lies above 330°. 

It dissolves in caustic alkalis with a purple 
lolour; the solution shows two absorption bands, 
me-in the blue and the other near the red, 
jut a little further removed than the alizarin 
oand. 

Flavopurpurin dyos mordanted fabrics sirai* 
iarly to alizarin, there being, howevor, a slight 
difference in the shades produced. The red 
Bhade is somewhat duller and yellower; the 
brown shade is also yellower. Flavopurpurin 
dyes wool mordanted with tin crystals and 
oream of tartar a bright yellowish orange. • 

When heated with acetic anhydrido, flavo¬ 
purpurin yields a triacetate C 14 H 6 (C 2 H a 0)g0 6 , 
which orystallises from alcohol in golden-yellow 
plates melting at 238°. 

Direct methylation converts flavopurpurin 
into, a dimethyl ether, but, as in the case of 
alizarin, a trimethyl ether is obtained by oxida¬ 
tion of the product of methylation of dooxy- 
flavopurpurin (Graebe, Ber. 38, 152). 

Alizarin Rod 8 W. S. is *bhe sodium salt of the 
monosulphonio acid of flavopurpurin. 

Alizarin Oraagt Q. Nitroflavopurpurin. 


is produced, the bisulphite compound of which is 
the dyestuff Alizarin Black P. 

It is used for producing a fast violet grey to 
black in cotton-printing. 

Literature .—Caro (Ber. 9, 682); Sehunck and 
Romer (Ber. 9. 679; 10, 1823 ; 13, 42): Bis- 
trzyeki and Yssel de Schepper (Ber. 31, 2798). 

Anthragallol. 1:2 x3-Trihydroxyanihraqui- 
nonc. 

, OH 
C0 \/\0H 
>OH. 


\/\(/\/ 


Anthragallol does not itself occur in nature, 
but its three isomeric dimethyl ethers have been 
found in Chay root ( Oldenlandia umbellata). 
Anthragallol is formed whon a mixture of 
gallio acid (1 pt.), benzoic acid (2 pts.), and 
sulphurio acid (20 pts.) aic heated to 125° for 
eight hours. 

OH 

C°OH /\ 0H 

+ A;™ 

HOOT 

Benzole acid. Gallic aold. 

CO. OH 
\/\OH 

I I ! + 2H a O. 

!O x ^ 

Anthragallol. 

The product is poured into water, well 
w’ashed, and reorystalliseC from alcohol. 

It is also obtained from 1:3-dinitro-2-hydro- 
xyanthraquinone (tho nitration product of 2- 
hydroxyanthraquinone) by reduction in strongly 
alkaline solution. Or 1 : 3-diamino-2-hydro- 
xyanthraquinone may bo converted to anthra¬ 
gallol by heating with hydrochlorio acid under 
pressure. . 

Anthragallol orystallises in yellow needles 
which, when heated to 290°, sublime without 
melting. It is sparingly soluble in water, 
chloroform, or oarbon disulphide; readily soluble 
in alcohol, ether, or glacial acetic acid. 

It dissolves in alkalis forming a green solution. 
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It* triacetate C *(C 4 H »0) ,0 , melte at 171° 

17 3*. I 

With an exoeffl of ammonia anthragallol 
reaots, forming anthragallolamide, 1-amido- 
% j 3-dihydroxyanthraquinone. 

Literature. —Seuberlioh (Ber. 10, 39). 

By the action of dimethyl sulphate in boil¬ 
ing nitrobenzene and in presence of anhydrous 
sodium carbonate anthragallol yields the dimethyl 
ether which occurs in orange needles melting at 
159°-1G0°, and forms an acetyl derivative 
melting at 107°. Concentrated sulphuric acid 
hydrolyses this substance at 100° and forms a 
monomethyl **ether melting at 233° (acetyl 
derivative, imp. 184°), whilst the action of a 
great excess of methyl sulphate and sodium 
carbonate at 180° converts either the mono- 
methvl ether or tho dimethyl ether into anthra - 
gallol trimethyl ether, which is lemon-yellow 
and melts at 168° (Bock, Monatah. 23, (9) 1008). 

Hydroxyanthrarufln, 1:2:5-Trlhydroxyan- 
thraquinone. This substance is readily obtained 
by heating anthrarufin with a mixture of 
sodium and potassium hydroxides at 180°-185° 
in the presence of water and sodium nitrate. 
It is also produced when alizarin is dissolved 
in 70 p.c. oleum to which boric acid has been 
added, and the mixture agitated at 30°-35° 
until a pure violet solution has been obtained. 
The sulphuric ester so produced is^-hen hydro¬ 
lysed in tho usual manner. The two methods 
combined determine tho constitution of this 
trihydroxyanthraquinone which crystallises from 
acetic acid in red needles melting at 273°-274°, 
and forms a triacetate melting at 227°. JTy- 
droxyanthrarulin is a valuable mordant dyestuff. 

Literature .—Liebermann and Boeck (Ber. 11, 
1716); Liebermann and Dehnst (Bor. 12, 1289); 
M. L. B. (D. R. Pl\ 195028 and 196980); By 
(D. R. P. J 56900); Ziegler (J. pr. Chcm. 86, 
297). 

Hydroxychrysazin. 1:2:8 -trihydroxyanthra- 

quinone. Ohrysazin is converted into this sub¬ 
stance by fusion with aqueous sodium and 
potassium hydroxides in presence of sodium 
nitrate at 180°. It crystallises in orange needles 
melting at 230°, and forms a triacetyl derivative 
melting at 219°. The dimethyl ether forms light 
yellow needles melting at 157°. 

1:4: 8-Trlhydroxyanthraquinone. Oxidation 
of chrysazin by means of 80 p.c. oleum and boric 
acid at 25°-35° yields the sulphuric ester of this 
isomeride, and on heating with ordinary sul- 
• phuric acid the substance is obtained. It 
separates from pyridine in brown-rod needles 
with green metallic reflex and dissolves in 
aqueous sodium hydroxide, and also in sulphuric 
acid to a violet solution (By, D. R. P. 161026). 
This compound is also obtained by the reduction 
of Alizarin Bordeaux. 

1:3: 8-Trihydroxyanthraquinone. 1'he tri- 
hydroxyanthraquinone obtained from rhein 
through its amide and dihydroxyaminoanthra- 
ciumone (Oesterle, Arch. Pharm. 1912, 250, 301) 
is not identical with hydroxychrysazin, and 
since rhein must be either chrysazin-2- or 3- 
carboxylio aoid, this fact favours the latter 
theory. 1:3: 8-Trihydroxyanthraquinone melts 
at 277°-278°, and yields a triacetyl derivative 
melting at 197°-198°. 

1:4: 8-Trihydroxyanthraquinone is the chief 
product when 4-aminophthalic anhydride is 


heated with quinol.and concentrated sulphuric 
acid at 170°-190°. 

IV. Tetrahydroxyanthraquinones. 

Anthrachrysone 1:3:5:7-Tetrahydroxy- 
anthraquinone 

, ro 0H 

HO/\/ \*/\ 

t I !| 

The preparation of this bfldy is effected by 
heating 3:5-dihydroxybonzoic acid with 10 
parts of sulphuric acid for to 5 hours. 

Tho substance consists of silkjpyellow needles 
whon crystallised from alcohol, or it oan be 
sublimed with partial decomposition in leaflets. 
It does not melt at 360°. 

Anthrachrysone has a very feeble affinity for 
mordants. Its tetraacetate crystallises in 
yellow needles from acetio aoid, and melts at 
253°. 

A solution of anthrachrysono in 33 p.c. 
aqueous sodium hydroxide deposits a lustrous 
vivid red sodium salt which is converted into a 
crystalline ammonium salt by ammonium 
chloride. A crystalline potassium salt is also 
known, and when this is heated with methyl 
sulphate at 180°-190° it is concerted into anthra¬ 
chrysono dimethyl ether which crystallises 
from nitrobenzene in golden brown columns and 
forms a sodium salt crystallising in orange-red 
needles. Tho diacetyl derivative molts at 256°. 
Tho methylation also results in the production 
of a small proportion of anthrachrysone tetra- 
mothyl ether which crystallises in golden-yellow 
prisms melting at 294° (Fischer and Ziegler, 
J. pr. Chem. 1912, ii. 86, 297). Anthrachrysone 
condenses with secondary bases, such as diethyl- 
amine, and formaldehyde, with the production 
of tetraalkyldiaminodimolhylanthrachrysoneB. 
The compound 

OH 


HO 


/\/ co \y\ ( 

NEt.CH/J\ 

* HO 


0H,NEt, 


is obtained from diethylamine (M. L. B.,D. R. P. 
188189). 

Literature .—Hohenemer (Ber. 35, 2305); 
Barth Senhofcr (Annalen, 164, 109); Noah 
(Ber. 19, 755). 

1:3:5: 7-Tetrahydroxyanthraqulnone-2 : 6-. 
disulphonic acid is obtained by heating anthra- 
chrysono with an excess of fuming sulphuric 
acid (D. R. P. 70803). It forms a characteristic 
sodium salt which crystallises in glistening 
coppery platelets. By the action of chlorine 
it is (inverted into a dichloro- derivative, whilst, 
on tho other hand, sodium hypochlorite converts 
the sodium salt into dichloroanthrachrysonc by 
elimination of the sulphonic groups. Dibromo - 
anthrachrysone is obtained by bromination of 
anthrachrysone in acetic acid solution. It melt* 
at above ^90°, and occurs in orange-red needles. 
The action of bromine on a solution of the disul- 
phonio acid in dilute »acetic aoid is to produce 
tetrabrornoanthrachrysonf, dark-red needles melt¬ 
ing above*300°. 

Vorious^dyestuffs aie derived from an%»- 
chrysone. 
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Dlnitroanthrachrysonedlsulphonlc acid 

NO, rn OH 

HO/\/ °\/\s°* H 

JOH 



HSO, 

OR . N( 
a prepared by Bulphonation, followed by nitra¬ 
tion of anthrachryaone. 

It is a fast brown wool dye. 

On reduction it yields diaminoanthraohry- 
sonedisulphonic acid, which dyes wool violet 
:rom an acid-bath, or blue on a chromium mor¬ 
dant. 

If, however? the reduction is carried out in 
ilkaline solution with sodium sulphide, then the 
dyestuff Acid Alizarin Green B and G results. 

The constitution of this product is 

SH CQ OH 
H0/\/ \/\S0 s Na 

NaSO,\ A /\/ 0H 

OH SH 

It dyes chromed wool a fast, pure green. 

AoU Alizarin Blue BB and GR 

OH m OH 

HO/\/ x / SO,Na 
NaSO, 


^ .CO ^ 

i/\/ \/ \so a i 


The product is poured mto water and the 
dried precipitate extracted yrith alcohol. This 
extract is evaporated and the residue treated 
with hot benzene. The a- compound passes into 
solution, whilst the /3- remains undissolved. 

o-Hydroxyanthragallol crystallises from 
alcohol in golden yellow micro- needles. It 
forms a green solution in alkalis, whilst that in 
sulphuric acid is violet, and shows two absorp¬ 
tion bands between F and D. With mordants 
it behaves similarly to rufigalhc acid. 

Its tetraacetyl derivative meltB at 207°- 
209°. 

/3- H y droxyanthragallol crystallises from 
alcohol and occurs in red needles. Its brown- 
red solution in sulphuric acid Bhows two absorp¬ 
tion bands between k and h. 

The tetra-acetate crystallises from glacial 
acetic acid in lemon-yellow tables of m.p. 
189°. 

Literature .—Noah (Annalen, 241, 270). 

l : 2 : 3 : 4-Tetrahydroxyanthraquinone is 
obtained by heating anthragallol with sulphuric 
acid in the presence of boric acid at 200°-240°. 
It consists of green needles soluble in both 
ulkalis and sulphuric acid with red colour. 
The tetraacetyl derivative molts at 205°. 

Literature .—Bayer and Co. D. R. P. 80908. 

Alizarin bordeaux (guinalizarin). 1 : 2 : 5 : 8- 
Tetraliydroi/anthraquinone 


Oil 


is obtained by boiling diaminoanthrachrysone 
diBulphonio acid with alkali. A rod shade is 
produoed on wool from an acid-bath, which on 
chroming develops a beautiful blue, exceedingly 
fast to light milling, acids or alkalis. 

8-NItro-4-anilino-l : 3 : 5 : 7-tetrahydroxy- 
anthraqulnone-2:0-disulphonic acid is obtained 
in the forift of its trisodium salt (dark bluish- 
violet crystals with coppery lustre) by heating 
a solution of 4 : 8-dinitro-l : 3 : 6 : 7-tctrahy- 
droxyanthraquinone-2 : 0-disulphonic acid in 
aqueous sodium carbonate with aniline. A 
similar replacement of the nitroxyl by anilino 
occurs with the unsulphonated dinitro- com¬ 
pound (Heller and Skraup, Ber. 40, 2703; 
D. E. P. 71964). 

Ruflopln, 1:2:5: G-Tetrahydroxyanthra- 
quinone. 

This tetrahydroxyanthraquinone is obtained 
by heating opianic or hemipinic acids with 
sulphuric acid at 180°. 

Also by fusing the disulphonic aoid of anthra- 
rufin with potash. 

It forms a reddish-yellow crust from ether, 
and can be sublimed in orange needles. 

It gives a violet-red solution in dilute alkalis 
or in sulphuric aoid. A curious property of 
rufiopin is its stability towards fusion with 
potash. 

* The substance is of no value as a dyestuff, 
since it gives only dull-brown shades with 
mordants. 

Literature.— Liebermann and Chojnacki 

(Anflalen, 162, 323); D. R. P. 103988. 

«- and /3-Hydroxyanthragallols. 

A mixture of these substances is produced 
when equimoleculax preportions of gallic and 
m-bydroxybenzoio aoids are heated at 150°, 
with 10 parts of sulphuric aoid Jor twenty 
hours. 


CO\ 


OH 


/\/ w \/' 


OH 


CO 


OH 


Alizarin bordeaux is by far the most impor¬ 
tant of the tetrahydroxyanthraquinones. 

It hag been obtained by the hydrolysis of its 
dimethyl ether (see below) with a solution of 
hydrochloric acid in acetic acid at 200°. 

It is prepared by heating alizarin (1 pt.) with 
sulphuric acid (10 pts. containing 80 p.c. SO,) 
for four days at 25°-50°. This yields the 
sulphuric aoid ester of alizarin bordeaux, to 
obtain which the reaction product is rendered 
alkaline and then boiled with an excess of 
hydrochloric acid. 

It is found that the oxidation of alizarin 
occurs more readily in presence of boric acid. 

Alizarin bordeaux can be obtained in deep 
red needles with green metallio reflect'on. 

On an aluminium mordant it produoes 
bordeaux shades; violet blue on chromium. 

The tetraaoetate orystalliaea from chloroform- 
alcohol in micro- needles of m.p. 201°. 

Dimethyl ether. . 

This substance is synthesised by heating 
hemipinic acid and quinol with sulphuric acid 

to 130V . , „ , , t . . . 

The brown-red micro leaflets obtained. Dy 
crystallisation from benzene melt at 225°-230°. 

Literature. —Schmidt (J. pr. Chem. [2] 43, 
239); Liebermann and Wense (Annalen, 240, 
299). 

Alizarin Green S (B). 

Alizarin blue can be oxidised by means of 
sulphur trioxide, and the product on treatment 
with sulphuric acid gives a dihydroxyalizam 
blue of the probable constitution 
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| to that bywhioh purpurin is produced from 
j alizarin. The eubstanoe crystallises in bronze- 
coloured leaflets from nitrobenzene. The blue 
solution in concentrated sulphuric acid exhibits 
red fluorescence. 

I Alizarin cyanine R. yields a handsome blue 
chromium lake. • 

Alizarin Indigo Blue S. 


Alizarin Green S (B) is the bisulphite com¬ 
pound of this tetrahydroxyanthraqumone 
quinoline. It dyes very fast bluish-greens on 
chromed wooL 

1:4:5: SA’etrahydroxyanthraquinone 
OH OH 

/\/ C 0 V\ 


OH 




H0/\/ C0 \/\01I* 


OH 


OH 


•CO'' 


, 2.N&HSO, 


N 


Yh Xco/ ^h 

This substance has boon obtained by the 1 
action of sulphuric acid on pp-dinitroanthra- 
rufin (By, D. R. BP. 125579, 152033), but the 
following method establishes the const ltution of 
the substance:— 

5:8-Dichloroquinizarin is heated for 20 
hours at 250° with milk of lime and copper. 
The product is acidified whh hydrochloric acid, 
and the substance may tnen be collected ami 
crystallised from a mixture of benzene and 
ligroin. The brown needles melt at 240°, and 
dissolve in alkaline solutions with a cornflower- 
blue colouration. The sulphuric aoid solution 
exhibits two bands in tnc red and yellow 
respectively. 

It is interesting that this tetrahydroxy¬ 
anthraqumone has powerful mordant dyestuff 
properties (Frey, Ber. 45, 1351). 

The tetraacetyl derivative forms light yellow 
needles melting at 250° with decomposition, and 
the difficultly soluble blue potassium salt is j 
converted by methyl sulphate at 180° into a j 
totramethyl ether, which crystallises in lustrous j 
orange leaflets and melts at 317° (Fischer and j 
Zeigler, J. pr. Chem. 1912, ii. 80, 297). 

Dihydroxyehrysazins. Two isomeric tetra-! 
hydroxyanthraquinones have been obtained : 
from chrysazin. The first (Schrubsdorff, Ber. 
35, 2930) by fusion of chrysazin with potassium 
hydroxide. This isomeride sublimes in vacuo, 
forms dark-red noedles melting at 217°, and 
intensely colours ordinary mordants. Its acctat ■ 
melts at 195°. The second compound (Wobling, 
Ber. 36, 2941) is obtained by fusing chrysazin 
disulphonio acid with alkali. This melts at 
292°, and also colours mordants. Its tetra- 
acetyl derivative melts It 233°. 

V. Pentahydroxyanthraquinones. 

Alizarin cyanine R. 1 :2.4:5:8-Penta 
hydroxyanthraquinone 

OH __ OH 


OH OH 

• V 

CH 

is the bisulphite compound ot the pentahydroxy- 
anthraquinone quinoline, obtained by the furthor 
oxidation of alizarin Green S (B) with con¬ 
centrated sulphuric acid at 200°. It yields 
fast indigo-blue shades on crome mordanted 
wool. 

Dihydroxyanthragallol. 1:2 :3:5:7-Penta- 

hydroxyanthruquinone 

CO 011 

llo/\/ \/ \OH 

\/^o/V OH 

OH tV 

Equimolecular amounts of gallic acid and 3 : 5- 
dihydroxy benzoic acid are heated to 160° for 
ten minutes with ten times their weight of 
sulphuric acid. The product contains dihydroxy- 
anthragallol, rufigallic acfcl, and anthrachrysono. 
In order to separate them, advantage is taken of 
the fact that only dihydroxyanthragallol penta- 
aeetate is soluble in alcohol. The acetate so 
obtained is hydrolysed with cold sulphuric acid. 

Dihydroxyanthragallol crystallises from al¬ 
cohol in small red needles, which do not melt at 
360°. The substance is similar in tinctorial 

n iertiex to rufigallic acid. 

I?he pcntaacetate melts at 229°. 

Literature .—Noah (Annalen, 241, 275). 

VI. Hexahydroxyanthraquinones. Rufigallol. 
Rufigallic acid, 1 : 2 : 3 : 5 : 8 : 7-Hexahydroxy- 
anthraquinono 

m oh 

\/\OH 


1IO, 

IIO 1 


I 


.OH 


!0 /\/ 0H 


(V°Y> 

w/V 

OH 00 OH 


This valuable eubstanoe is obtained by the 
oxidation of alizarin bordeaux with pyrolusite 
in sulpburio aoid solution. The sulphonio acid 
ether so produced is hydrolysed by boiling with 
dilute aoid This oxidation is entirely analogous 


Rufigallic acid is produced when gallic acid 
is heated with concentrated sulphuric acid at 
140°. It may bo sublimed in yellow needles. 
A violet solution is obtained with alkalis, red 
with sulphuric acid. Baryta produces a blue 
insoluble precipitate. Alizarin is obtained by 
the reduction of rufigallic acid with sodium 
amalgam. The Bubstance is a good example of 
a polygenotio dyestuff^md yields with aluminium, 
iron, and chromium mordants, red, violet, and 
brown respectively. The oolours are, however, 
not pure in tope. 

Anthracene Blue. 1: 2 : 4: 5:6: 8-hela- 

hydroxyanthraquinone 
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Dlnitroanthrachrysonedlsulphonlc acid 

NO, rn OH 

HO/\/ °\/\s°* H 

JOH 



HSO, 

OR . N( 
a prepared by Bulphonation, followed by nitra¬ 
tion of anthrachryaone. 

It is a fast brown wool dye. 

On reduction it yields diaminoanthraohry- 
sonedisulphonic acid, which dyes wool violet 
:rom an acid-bath, or blue on a chromium mor¬ 
dant. 

If, however? the reduction is carried out in 
ilkaline solution with sodium sulphide, then the 
dyestuff Acid Alizarin Green B and G results. 

The constitution of this product is 

SH CQ OH 
H0/\/ \/\S0 s Na 

NaSO,\ A /\/ 0H 

OH SH 

It dyes chromed wool a fast, pure green. 

AoU Alizarin Blue BB and GR 

OH m OH 

HO/\/ x / SO,Na 
NaSO, 


^ .CO ^ 

i/\/ \/ \so a i 


The product is poured mto water and the 
dried precipitate extracted yrith alcohol. This 
extract is evaporated and the residue treated 
with hot benzene. The a- compound passes into 
solution, whilst the /3- remains undissolved. 

o-Hydroxyanthragallol crystallises from 
alcohol in golden yellow micro- needles. It 
forms a green solution in alkalis, whilst that in 
sulphuric acid is violet, and shows two absorp¬ 
tion bands between F and D. With mordants 
it behaves similarly to rufigalhc acid. 

Its tetraacetyl derivative meltB at 207°- 
209°. 

/3- H y droxyanthragallol crystallises from 
alcohol and occurs in red needles. Its brown- 
red solution in sulphuric acid Bhows two absorp¬ 
tion bands between k and h. 

The tetra-acetate crystallises from glacial 
acetic acid in lemon-yellow tables of m.p. 
189°. 

Literature .—Noah (Annalen, 241, 270). 

l : 2 : 3 : 4-Tetrahydroxyanthraquinone is 
obtained by heating anthragallol with sulphuric 
acid in the presence of boric acid at 200°-240°. 
It consists of green needles soluble in both 
ulkalis and sulphuric acid with red colour. 
The tetraacetyl derivative molts at 205°. 

Literature .—Bayer and Co. D. R. P. 80908. 

Alizarin bordeaux (guinalizarin). 1 : 2 : 5 : 8- 
Tetraliydroi/anthraquinone 


Oil 


is obtained by boiling diaminoanthrachrysone 
diBulphonio acid with alkali. A rod shade is 
produoed on wool from an acid-bath, which on 
chroming develops a beautiful blue, exceedingly 
fast to light milling, acids or alkalis. 

8-NItro-4-anilino-l : 3 : 5 : 7-tetrahydroxy- 
anthraqulnone-2:0-disulphonic acid is obtained 
in the forift of its trisodium salt (dark bluish- 
violet crystals with coppery lustre) by heating 
a solution of 4 : 8-dinitro-l : 3 : 6 : 7-tctrahy- 
droxyanthraquinone-2 : 0-disulphonic acid in 
aqueous sodium carbonate with aniline. A 
similar replacement of the nitroxyl by anilino 
occurs with the unsulphonated dinitro- com¬ 
pound (Heller and Skraup, Ber. 40, 2703; 
D. E. P. 71964). 

Ruflopln, 1:2:5: G-Tetrahydroxyanthra- 
quinone. 

This tetrahydroxyanthraquinone is obtained 
by heating opianic or hemipinic acids with 
sulphuric acid at 180°. 

Also by fusing the disulphonic aoid of anthra- 
rufin with potash. 

It forms a reddish-yellow crust from ether, 
and can be sublimed in orange needles. 

It gives a violet-red solution in dilute alkalis 
or in sulphuric aoid. A curious property of 
rufiopin is its stability towards fusion with 
potash. 

* The substance is of no value as a dyestuff, 
since it gives only dull-brown shades with 
mordants. 

Literature.— Liebermann and Chojnacki 

(Anflalen, 162, 323); D. R. P. 103988. 

«- and /3-Hydroxyanthragallols. 

A mixture of these substances is produced 
when equimoleculax preportions of gallic and 
m-bydroxybenzoio aoids are heated at 150°, 
with 10 parts of sulphuric aoid Jor twenty 
hours. 


CO\ 


OH 


/\/ w \/' 


OH 


CO 


OH 


Alizarin bordeaux is by far the most impor¬ 
tant of the tetrahydroxyanthraquinones. 

It hag been obtained by the hydrolysis of its 
dimethyl ether (see below) with a solution of 
hydrochloric acid in acetic acid at 200°. 

It is prepared by heating alizarin (1 pt.) with 
sulphuric acid (10 pts. containing 80 p.c. SO,) 
for four days at 25°-50°. This yields the 
sulphuric aoid ester of alizarin bordeaux, to 
obtain which the reaction product is rendered 
alkaline and then boiled with an excess of 
hydrochloric acid. 

It is found that the oxidation of alizarin 
occurs more readily in presence of boric acid. 

Alizarin bordeaux can be obtained in deep 
red needles with green metallio reflect'on. 

On an aluminium mordant it produoes 
bordeaux shades; violet blue on chromium. 

The tetraaoetate orystalliaea from chloroform- 
alcohol in micro- needles of m.p. 201°. 

Dimethyl ether. . 

This substance is synthesised by heating 
hemipinic acid and quinol with sulphuric acid 

to 130V . , „ , , t . . . 

The brown-red micro leaflets obtained. Dy 
crystallisation from benzene melt at 225°-230°. 

Literature. —Schmidt (J. pr. Chem. [2] 43, 
239); Liebermann and Wense (Annalen, 240, 
299). 

Alizarin Green S (B). 

Alizarin blue can be oxidised by means of 
sulphur trioxide, and the product on treatment 
with sulphuric acid gives a dihydroxyalizam 
blue of the probable constitution 
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salamander, contain bases similar in every 
respeot to the typioalsvegetable alkaloids. The 
exact demarcation ot the group is difficult; 
generally the alkaloids may be said to oontain 
heterocyclic nitrogen, to be soluble in solvents, 
immiscible with water and to have a complicated 
moleoular structure. These characters are, as 
a rule, not possessed by the simpler amines and 
botaines derived from the amino- acids of pro¬ 
teins, nor by choline and other basos of general 
biological importance, which, in contradistinc¬ 
tion to the typical alkaloids, are not limited to 
one, or a few, species of plants or animals. For 
a full account fri. these amines, betaines, choline, 
&c., v. Barger, The Simplor Natural Bases, 
Loncmans, 1914. A list of books dealing with 
alkaloids is given at the end of this article. 

The discovery of the first alkaloid is due to 
the German pharmacist Sertiimer, who, in 1805, 
isolated from opium a substance ‘ morphium,’ 
which he described more fully in 1817 as a basic, 
salt-forming substance having the principal 
physiological action of the drug. The discovery 
of morphine was quickly followed by that of 
other alkaloids, made chiefly by Pelletier and 
Caventou. The first volatile alkaloid, coniine, 
was isolated in 1827 by Giesecke, and nicotine 
in 1828 by Posselt and Riemann. 

Distribution and mode of formation. No 
alkaloids have been obtained from |jilg;c and 
mosses, hardly any from fungi, a few only from 
vasoular cryptogams and gymnosperms, more 
from monocotyledons, but the vast majority 
from diootyledons. Certain large orders, e.g. 
Composite Qraminm , are very poor in alkaloids, 
others suoh as the Ranuncalaceos t Solanacra 
Papaveracece are typically rich. Generally an 
alkaloid is limited to a single genus or order; 
bnrberine, howover, occurs in several orders. 
The total alkaloids of a plant usually consist of 
a mixture of several bases often closely related, 
which may be present in verv different amounts. 

The older view that aikiloids are plastic 
materials capable of further utilisation by plants 
has been disproved by Claulriau (Ann. Soc. 
beige de Mieroso. 1894, 18 ; Ann. Soc. roy. Soi. 
mdd. nat. Bruxelles, 1900, 9), who concludes 
that they are waste products, only of use as a 
means of defence on account of their poisonous 
properties. The amount of alkaloid is generally 
greatest in the mature plant and in the periphery 
(bark) or in hibernating parts (root); it varies 
greatly in different organs. Weight for weight 
young shoots and leaves may contain more 
than older ones. For methods of microscopical 
localisation, sec Errera, Maistriau, and Clautriau 
(Ann. Soc. beige de microsc. 1888, 12 ; Clautriau, 
ibid. 1894, 18). , 

The mode of origin of alkaloids in plants 
is not understood and has given rise to much 
speculation (Czapek, Biochemio der Pflinzen, 
1905, ii. 267 ; Wrindaus and Knoop, Beitr. chem. 
Physiol. Path. 1905, 6, 392; Pictet, Arch. Sci. 
phys. nat. 1905, 243, 329; 1906, 244, 389; 
Tunmann, Arch. Pharm. 1910, 248, 644; 
Winterstein und Trier, Die Alkaloide, 1910,203).; 
The most fruitful contribution is probably that 
of Robinson (Trans. Chem. Soc. 1917, 111, 876), 
who utilises only reactions which can be oarried 
out in the laboratory at the ordinary temperature 
and shows how several of the principal alkaloids 
might be built up from ammonia, formaldehyde, 


ornithine, lysine, and degradation produots of 
carbohydrates, such as oitrio and acetonedi- 
earboxylic acids. These substances are imagined 
to undergo aldol and similar condensations, and 
it is interesting to note that Robinson has 
actually synthesised tropinone in aqueous 
solution at room temperature from sucomdi- 
aldehyde, methylamine, and calcium aoetone- 
dicarboxylate. 

The alkaloids may be classified chemically 
according to the heterocyclic rings in which nitro¬ 
gen occurs, as derivatives of pyrrolidine (e.g. 
hygrine), of pyridine (e.g. arecolme), of piperidine 
(e.g. piperine), of glyoxalme (f.g. pilocarpine), of 
mdole (e.g. physostigmino), of qainoline (e.g. 
quinine), ana of tsoquinolino (e.g. papaverine); 
.mother group contains alkaloids without 
heterocyclic ring, derivatives of aliphatic amines 
(e.g. narceine). Some alkaloids may be classified 
under two of the above or under additional 
groups ; thus atropine and cocaine contain both 
a pyrrolidine and a piperidine ring, oaffeine 
contains a pyrimidine ring in addition to glyoxa- 
linc. No chemical classification can be complete, 
and a large number of alkaloids of insufficiently 
known constitution have perforce to bo arranged 
according to the plants (or animals) from which 
they are derived. 

Method of extraction and isolation. Generally 

speaking, alkaloids, whether occurring in the 
free state or as salts of organic acids, are 
extracted from the finely powdored material 
by means of strong spirit. After distilling off 
the alcohol, the bases are extracted from the 
residuo by diluto acids, liberated by the addition 
of ammonia or sodium carbonate and extracted 
by chloroform, ether, or carbon tetrachloride. 
This gives the total alkaloidal content of the 
plant, except where a • quaternary base is 
prosent, when methods similar to those em¬ 
ployed for the simplor natural bases, e.g. pre¬ 
cipitation with mercuric chloride or phospho* 
tungstie acid, are utilised. Certain stable 
alkaloids may be extracted from a mixture of 
the finely powdered plant with lime or magnesia 
by an organic solvent; Jin other cases (e.g. 
caffoine in tea) extractions with boiling water 
may be employed. 

The ‘ total alkaloids ’ of plants obtained by 
the above methods are mixtures for which no 
general method of separation can bo given. 
In some cases, caustic soda may be used r to 
separate the phenolic from the non-phenolio 
bases; in others, fractional extraction of the 
ether or chloroform solution of the bases with 
acid brings about a separation; or, again, a 
fractionation may be effected by regenerating 
the bases from acid solution by an alkali in the 
proseneg of light petroleum or ether, in which 
only a part of the mixture is soluble. After 
suitable preliminary treatment on these lines, 
alkaloids often crystallise as the free base, but 
if not, it is generally possible to crystallise a 
salt with a strong or weak acid. A convenient 
method is to add to the dry ethereal solution of 
the alkaloid, contained in a tall stoppered 
cylinder, small amounts of an ethereal or con¬ 
centrated alcoholio solution of the acid, until 
no more alkaloidal salt ii precipitated, shaking 
after each addition. If excess of acid is avoided 
the flocculent.preoipitate can be readily washed 
by decantation and is then crystallised from 
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alcohol, with or without ether. The choice of chummylcocaine, an oily liquid decomposed by 
the proper acid is sometimes of great importance, heat. Stryohnine and ortcine yield the corre- 
e.g, for physostigmine the salicylate is the best sponding dihydrides, ancr colohioine gives the 
Balt, and for ergotoxine the phosphate. Acid tetrahydro- derivative. The reduction of these 
oxalates are frequently valuable, whilst auri- alkaloids may also be effected by nascent 
chlorides are useful for Solanaceous alkaloids and hydrogen liberated from formic acid by the 
picrates for simpb bases, but no general rule action of finely divided metals of the platinum 
can be given. For further information con- group (HCOOH=H a -fCO s ). Quinine, morphine, 
cerning the methods of separating and character- codoine, and other opium alkaloids may be 

a alkaloids, see Allen's Commercial Organic converted into dihydro- derivatives (Eng. Pat. 

ysis, vol. vi. 1912, 171-177, and the articles 10204, 1913 ; 14247, 1913 ; D. R. PP. 300939; 
in this dictionary on Cinchona, Ipecacuanha, 230724 ; 260233 ; U.S. Pat. 989604 ; Eng. Pat. 
and Opium alkaloids. 3948, 1912). 

Physical and chemical characters of the General alkaloidal precipitaats. Auric 

alkaloids. Nearly all are solids, and thon mostly chloride AuCl 3 combines with alkaloidal hydro¬ 
crystalline ; a few (coniine, nicotine) are liquids, chlorides to form well-defined aurichlorides of 
and are volatile with steam. In a high vacuum the composition B,HAuCl 4 , generally sparingly 
even complex alkaloids may often be sublimed soluble in water, and obtained as pale-yellow 
or distilled on a small scale, e.g. strychnine, precipitates on mixing the gold and alkaloidal 
Most alkaloids are optically active ; the specific chlorides in aqueous solution. The aurichlorides 
rotation of the free base in a dissociating solvent may be recrystallised from alcohol or water 
may differ considerably from that of the ion of acidulated with hydrochloric aoid, and are most 
a salt in the same solvent, and the two may useful for characterising Solanaceous alkaloids, 
oven .have opposite signs (e.g. nicotine and its Occasionally gold chloride is reduced to metallic 
salts) (c/. Carr and Reynolds, Chcm. Soc. Trans.. gold with formation of a red gold sol. The 
1910, 97, 1328). . aurichlorides may be analysed by simple ignition, 

Tho majority of the typical alkaloids are or by combustion, or by decomposition with 
insoluble, or very sparingly soluble, in water; hydrogen sulphide; in the last oase the alkaloid* 
their best solvent is alcohol. Usually they arc is recovered unchanged by making tho filtrafco 
also dissolved by chloroform, less generally by from the <^old sulpMde alkaline and extracting 
ether, benzene, or amyl alcohol, sometimes by with chloroform. In a few cases, when alcoholic 
light petroleum. Simple amines, betaines, solutions of gold chloride and of the alkaloid 
purine derivatives, and quaternary alkaloids aro mixed, stable crystalline salts (auric chloride 
like columbamine, are often more soluble in compounds) of the composition B,AuCl 3 are 
water than in organic solvents. Tho aqueous obtained (Dunstan and luce, Chem. Soc. Trans, 
solutions of the alkaloids arc often strongly 1891, 69, 271). For other aurichloride corn- 
alkaline to litmus, but a few alkaloids which are pounds of abnormal composition, see Dunstan 
acid amides (colchicine, caffeine, piperine) are and collaborators (Chem. Soc. Trans. 1893, 63. 
so feebly basic that they may be extracted from 201, 445 ; 1900, 77, 57). 

acid solution by chloroform, owing to the Platinic chloride in aqueous solution may 

extensive hydrolysis of their salts. In these precipitate plalinichlorides of the composition 
cases the salts are mostly not obtainable in a B 2 ,H 2 PtCl 6 , which are generally more soluble 
pure crystalline condition. Alkaloidal salts are than the aurichlorides and are analysed in the 
generally more or less readily soluble in water same way. In both eases the estimation of the 
and in alcohol, but as a rule not in chloroform chlorine may be useful. 

or ether. Salts of the more complex alkaloids Picric acid precipitates the solutions of most 
may be very little soluble in excess of tho acid, alkaloidal salts, and the resulting picrates may 
if tlio latter is highly dissociated (mineral acids often be crystallised (from water or alcohol), 
or even oxalic acid). The alkaloid may be recovered by extracting it 

The vast majority of alkaloids are tertiary from alkaline solution by chloroform, or the 
bases. A few (carpaine, cytisine, ephedrine) picric acid may be removed from acid solution ■ 
are secondary bases; the betaines, berborine, by shaking with ether or benzene. The piorio 
oolumbamine, &c., are quaternary. Primary acid is conveniently estimated without the loss 
bases are only found among amines derived of the alkaloid, by nitron (Busch, Ber. 1905, 
from the amino- acids of protein and not among 38, 861). 

true alkaloids ; they seem to be formed only by Picrolonic acid (4-nitro-1 -p-nitrophenyl-8- 
bacteria and fungi. methyl-5-pyrazolone) in alcoholio solution 

Moat of the alkaloids are monacid bases even behaves similarly (e.j. Warren and Weiss, J. 
when they contain several atoms of nitrogen in Biol. Chem. 1907, 3, 327). The picrolonates are 
the molecule. Thus, pilocarpine with two, less soluble than the picrates, and are of most 
physostigmine with three, and ergotoxino with use Mien the base and its picrate are readily 
five nitrogen atoms are monaoid bases. Quinine soluble in water (histidine, arginine), 
is the best known example of a di- acid alkaloid. The above four precipitants may be used for 
Certain alkaloids or their salts can be hydrogen- obtaining crystalline salts for analysis and 
tied in aqueous solution or suspension by means characterisation. Mercuric chloride is occasion- 
of molecular hydrogen in presence of nicke 1 ally used for the same purpose, but more 
suboxide, or a colioida^ metal of the platinum frequently only for preparative purposes (see 
group, at the normal temperature and pressure quaternary bases, above). The following re- 
or at increased pressures. Thus qqjnine hydro- agents are more sensitive, but generally give 
chloride yields hydroquinine, morphine yields only amorphous precipitates, unsuitable for 
mhydromo iphine, and codeine yields dibydro- analysis. 

codeine, whilst cinnamylcocaina gives hydro- Bismuth potassium iodide (DragendorfFs of 
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Kraut’s reagent) has been used for isolating 
simple water soluble liases, which are recovered 
by grinding up the %rick-red precipitate with 
freshly prepared lead hydroxide. After filtra¬ 
tion the last traces of lead are removed by 
hydrogen sulphide. Cadmium potassium iodide 
is also employed as a genoral alkaloidal precipi¬ 
tant. , , . . . 

Iodine dissolved in aqueous potassium 
iodide (Wagner’s or Bouchardat’s reagent) is 
one of the most general. In dilute solutions a 
reddish-brown precipitate is formed, which in 
strong solution aggregates at once to a greenish- 
black mass, and consists of periodides of variable 
composition. Many periodides crystallise from 
alcohol, the crystals being green by reflected, 
and red by transmitted light (cf. herapathite, 
under Quinine). The recovery of the alkaloid 
from a periodide may be offected bv decolourising 
with sodium thiosulphate or sulphur dioxide, 
and shaking out from alkaline solution, or, if 
this is impossible, grinding up the periodide with 
1 moleoular ’ copper, when only the iodide of 
the base remains in aqueous solution. 

Potassium mercuric iodide (Mayer’s ' or 
Tanret’s reagent) prepared by adding potassium 
iodide to mercuric chloride until the mercuric 
iodide at first precipitated, is re-dissolved, is the 
best general reagent for detecting alkaloids, 
and may afford an extremely delicate tost. | 
Some alkaloids are most completely precipitated 
in neutral, others in faintly acid, a few in more 
strongly acid solution. In very dilute solution 
only an opalescence is produced, in more con¬ 
centrated solution a yellowish-white flocculent 
precipitate occurs, from which the alkaloid may 
be recovered by suspension in water and passing 
hydrogen sulphide. In spite of its variable 
composition, the precipitate may be used to 
some extent for quantitative purposes (see next 
section). 

Tannic acid is merely a colloidal precipitant 
for oomplex substances, and precipitates alka¬ 
loids, along with some glucosiaes, peptones, &c. 

For a lull discussion of the above and other 
alkaloidal Teagents, see Allen’s Commercial 
Organic Analysis, 1912, vol. vi, 185-197. 

Quantitative estimation of alkaloids. As a 
rule only the ‘ total alkaloid ’ oan be determined, 
although in a few cases of technical importance 
(e.g. omchona and strychnos alkaloids, g.v.) 
individual alkaloids may be estimated in a 
mixture. The estimation of the total alkaloid 
is based on the same principles as the isolation. 
Keller (Schweiz, Wochenschr. f. Chem. u. Pharm. 
1894, 32, 44) mixed the finely powdered drug 
with magnesium oxide, or moistened it with 
ammonia, and extracted it with ether, or a 
mixture of ether and chloroform. An aliquot 
portion of the extract is shaken with dilute acid, 
the aqueous solution is rendered alkaline and 
again shaken several times with ether or chloro¬ 
form. The alkaloid left on evaporation of the 
solvent may be weighed, but in most cases it is 
more satisfactory to titrate it in aqueous or 
dilute alooholio solution. Of the various 
indicators suggested methyl orange and methyl 
red are theoretically and practically the best in 
most oases; the latter indicator is said to be 

? tuts satisfac tory for all the official alkaloids, 
n speoial oases haematoxylin is used, and some¬ 
times iodeoein (su Allen’s Commercial Organic 


Analysis, vol. vi. 178-183; and von Korczynski, 
Die Methoden der exakten quantitativen 
Bestimmungen der Alkaloide, Berlin, 1913). The 
last-named compilation giveB, i.a., all the methods 
of the German Pharmacopoeia; the U. 8. P. 
may also be consulted. A different principle 
is involved in the use of Mayer’s reagent, which, 
as a rule, givos much less accurate results. As 
a titration method this is probably best em¬ 
ployed in the form given it by Heikel (Chera. 
Zeit. 1908, 32, 1149, 1102, 1180. 1212). Potas¬ 
sium mercuric iodide is chiefly useful for quan¬ 
tities too small to be titrated with acid, and 
should then be used in a nephelometric compari¬ 
son with alkaloidal solutions of kmwn strength 
(cf. Ramsden and Lipkin, Ann. trop. Med. 
Parasitol. 1918, 11, 443, who thus estimate 
quinine in blood ami urine with considerable 
accuracy ; minute quantities of other alkaloids 
can doubtless be estimated in the same way). 

Toxicological detection of alkaloids. The 
principles are similar to thoso involved in 
extracting alkaloids from plants, but owing to 
the minuteness of quantities present and the 
possible presence of putrefactive and other bases, 
great care is required. For details of the methods 
of Stas-Otto, Dragendorft, &c., sec Wynter 
Blyth, Poisons,'their Effects and Detection, 
1909; Kippenberger, Zeit. anal. Chem. 1895, 
34, 294; Schmidt, Pharmazeutisohe Chemie, 
i. 1911, 1550-58. Colour reactions are of little 
me for identifying an unknown alkaloid, 


especially if impure (v. Allen’s Commercial 
Organic Analysis, 1912, vol. vi. 197-201). 
Pharmacological tests are much more useful. 

Bibliography of alkaloids (arranged chrono¬ 
logically). , _ I1 .. 

I. Guareschi. Einfiihrung in das Studium 
der Alkaloide, transl. frdkn the Italian by H. 
Kunz-Krause. Berlin, 1890. (Includes many 
bases, natural and synthetic, not generally 
regarded as alkaloids.) 

J. W. Briihl. Roscoe-Schorlemmer s Lehrbuch 

der Chemie, vol. viii. 1901. (A complete 
account, especially theoretical, with full 
literature references ; unfortunately now some¬ 
what out of date.) , 

A. Pictet. The Vegetable Alkaloids, transl. 
by H. C. Biddle- New York, 1904. (Deals 
with questions of constitution and synthesis.) 

E. Wintcrstcin und G. Trier. Die Alkaloide, 
1910. (Less detailed than the above or following ; 
speculations on the mode of formation of alka¬ 
loids in plants ; physiological action; includes 
the simpler amines, betaines, &c.) 

J. Schmidt, in Abdorhalden’s Biochemisches 
Handlexicon, vol. v. pp. 1-452. Berlin, 1911. 

(Chiefly for literature references.) 

E. Schmidt, Pharmazeutisohe Chemie, 1911, 
vol. ii. pp. 1541-1855. (Very complete; men¬ 
tions many little-known alkaloids; unfortu¬ 
nately no literature references ; deals most fully 

with official alkaloids.) 

Allen’s Commercial Organic Analysis, 1912, 
vol. vi. pp. 197-726, and 1913, vol. vii. pp. 1-94. 
(Full analytical and technical accounts of the 
better-known alkaloids.) , 

T A. Henry. The Plant Alkaloids. London, 
1913, pp. V.-466. (The most complete general 
account in English.) ^ 

For questions of constitution and syntne®, 
the following .monographs are usefuh— 
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J. Schmidt. Ueber die Erforschung dor 
Konstitution und die Versuche zur Synthese 
wiohtiger Pfianzenalkaloide. Stuttgart, 1900; 
and tne triennial supplements, Die Alkaloid- 
ohemie in den Jahren, 1900-1904, 1904-1907, 
1907-1911. G. B. and F. L. P. 

ALKANET. The Arabic name Al-hennye, 
modified to alkanna or al-kenna, was originally 
applied to the lythraceous shrub Lawsoma alba 
(Lam.), the root of which was described as Radix 
Alkannce vera, in contradistinction to the root 
of our alkanna, which is Anchusa tmetoria (Lara.), 
and which beoame known as Radix Alkannce , 
spuria tinctoria. The latter, or False, alkanct, 
is also known as Orcanelle , Fr.; Orkand, Ger. ; | 
Languedoc bugloss or dyers’ buglosR, Radix 
Alkannce spvria. A rough plant with downy 
spear-shaped leaves, and clusters of purplish or 
reddish dowers; belongs to fcJio Buragivacct r. 
Found in Asia Minor, Greece, Hungary, &c. 
The roots, which have an astringent taste, occur 
in commerce, varying from the thickness of a 
quill to that of a linger. 

Alkanet is one of the more ancient dye¬ 
stuffs, having been employed by the Romans, 
but, on the other hand, it docs not appear at 
any time to have attained such importance 
as madder, indigo, or evon turmeric. The 
colouring matter of alkanet, known as an¬ 
chusin or alkannin, has been examined by 
several chemists, but it is doubtful whether this 
compound has as yet been obtained in a che¬ 
mically pure condition. Its composition is 
variously given as Ci 7 H 10 O 4 (Pelletier, Annalon, 
8, 27), d„H a „O h (Bolley and Wydlers, Annalen, 
02, 41), C 16 II U () 4 (Carnelutti and Nasini, Bcr. 
13, 1514), and C l6 H, 4 0 4 or C 1& H 12 0 4 (Liebor- 
mann and Roraer, Bor. 20, 2428). 

Alkannin forms a dark-red amorphous powder 
possessing a beetlo-green iridescence, is readily 
soluble in most of the usual solvents, and its 
alkaline solution is deop-bluo coloured. On dis¬ 
tillation with zinc-dust it gives, according to 
Liebermann and Roraer, both mothylanthracone 
and anthracene. 

Diacetylalkannin 0| 6 H 12 0 4 (0 2 H 8 ()) 2 forms a 
dull yellow micro-crystalline powder (C. and N.). 

According to Eriksson (Ber. Deut. pharm. 
Ges. 1910, 20, 202), alkannin consists of two red 
pigments, the one being ooloured green and the 
other blue by the action of alkalis. Red crystals 
Save been observed by Tschireh in spaces in the 
oortex of old specimens of alkanet root. As 
alkannin is insoluble in water, in dyeing with 
alkanet an alcoholic extract is usually employed; 
and with aluminium and iron mordanted fabrics, 
violet and grey shades are respectively produced. 
These cdlours, however, are not fast to light, 
and are somewhat readily affected fyy weak 
alkalis or aoids. 

Haussmann of Mulhouse introduced alkanet 
^into calico-printing, and for a Short time it 
appears to nave played a quite important part, 
but it is now little if at all employed in Europe 
for ordinary dyeing purposes. It is still used 
ttit colouring artificial wines, pomades, hair-oils, 
sheets, &c., -and for these purposes it is well 
adapted on aooount of \ts ready solubility and 
harmless nature. * » 

Bbttger (J. pr. Chem. 107, 146) and Eng 
^ffahres. 70, 935) recommend the use of papers 
stained by alkanet as indioators in alkalimetry. 


According to Jolin (Chem. Schriften iiber 
Alkanna, iv. 84), Thoms|n (Pharm. J. [3] 16, 
860), and Eriksson ( l.c .), alkanet root contains 
from 5 to 0 p.c. of anchusin. A. G. P. 

ALKANNA or AL-KENNA. The powdered 
root and leaves of the Lau'sonia alba (Lam.), 
used in the East for dyeing the nails, teeth, 
hair, and garmonts. Used in Persia mixed with 
lime for dyeing the tails of horses. 

ALKANNIN (ANCHUSIN) v. Alkanet. 

ALKASAL v . Synthetic drugs. 

ALLANITE (v. Orthitl). This is variously 
regarded as a synonym or as a variety of 
orthito. The original allanite^was discovered 
at Kakarsuatsiak in east Greenland by C. L. 
Giesecko in 1806. described by T. Allen in 
1808, and named by T. Thomson in 1810. 
Similar material lias been found at numerous 
other localities in Greenland (O. B. Boggild, 
Mineralogia Groenlandica, Kjobenhavn, 1905). 

L. J. S. 

ALLANTOIN. Ghjoxyldiureide C 4 H 0 O 2 N 4 
, NH CH NH CO NH 2 
C°< j 

NIMH-OC 

/NH C: N*CO-NH a 

or CO<; I , 

Nnhchoh 

^NH a CO-NRf ^ ^/NH-C(OH) NH 
or CO r | XJOgCO >00 

^NH CHNH \NHCH-NH 

(Titherley, Chem. Soc. Trans. 1913, 103, 1336; 
Biltz, Ber. 1913, 46, 3410; Mendel and Dakin, 
Chem. Soc. Trans. 1915, 107, 4341 was found 
originally in the allantoic liquid of cows (Vau- 
quelin and Buniva, Ann. Chim. 23, 269; 
Lassaigne, Ann. Chim. Phys. [2] 17, 301) 
and in the urine of newly-born oalves (Wohler, 
Annalen, 70, 229); it occurs in the blood of 
tho pig and ox (Hunter, J. Biol. Chem. 1917, 
28, 369-374); in beetroot (Smokenski, Zeitsch. 
Ver Dtsch. Zuckeruid, 1910, 1251); in root of 
phascolus multijlorus (Power and Salway, Pharm. 
J. 1913, [4] 30, 552); in Anabasis aretioides and 
other plants (Stieger, Zeitsch. physiol. Chem. 
1913, 86, 269 ; Johnson, J. Amer. Chem. Soc. 
1914,36, 1,339); also in the young leaves, buds, 
and stem of the plane tree ( Platanus orientalis) ; 
sycamore (Acer pseudoplatanus) ; in the bark 
of tho horse-chestnut (Jtfsculus hippocastanum); 
in comfrey root (Titherley and Coppin, Pharm. 
J. 1912, 34, 92); and in rice polishings (Funk, 
J. of Physiol. 45, 75). Under normal conditions 
of growth 0'25 gram allantoi'n may be isolated 
from 440 grams of fresh young leaves of the 
plane, but when the branches are cut in bud 
and the buds allowed to open in water, the 
amount of allantoln increases to 0’5 or 1 p.c. of 
the dried leaves (Schulze and Barbieri, Ber. 1881, 
14, lb02; J. pr. Chem. [2] 25, 145; Schulze 
and Bosshead, Zeitsch. physiol. Chem. 1884, 
9, 420). It has been found in the nitrogenous 
constituents of wheat-germs (Richardson and 
Crampton, Ber. 1880, 19, 1180); in tobacco 
seeds (Scurti and Peroiabosoo, Gazz. chim. ital. 
1900, 36, ii. 626); and in crude beet juice (v. 
Lippman, Ber. 1896, 29, 2052). Allantoln is a 
normal constituent of the urine of mammals; 
the amount varies in different species, being 
reatest in the dog and least in man (Frericho, 
fc&delar, J. 1854, 7, 714 ; Wieohowski, Biochem, 
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Zeitsch. 1909, 19, 368; Schittenhelm, Zeitsch. 
physiol. Chem. 190a, 63, 248, 209, 283, 289). 
The whole quantity m allantoin excreted by man 
on a milk and vegetable diet may be derived 
directly from the food (Ackroyd, Bio-Chem. J. 
1911, 6, 400). In the case of the dog the 
amount of allantoin in the urine is increased 
after a diet of animal food (Salkowski, Ber. 
1878, 11, 500), of calf’s thymus (Cohn. Zeitsch. 
physiol. Chem. 1898, 25, 507 ; Mendel, Amer. J. 
Physiol. 6, xiv.-xv.; M‘Lachlan, I'roc. Roy. 
Soc. Edin. 1900, 26, 95; and on increasing the 
ingestion of water per day from 900 to 3450 c.c. 
there is an increaso of 20 p.c. in output (Fairhall 
and Hawk, J. Amur. Chem. Soc. 1912, 34, 546). 
There is about 30 p.c. increase in elimination of 
allantoin if adrenaline is introduced (b’alta, 
Zeitsch. exp. Path. Ther. 15, 356). It is also 
increased aftor the administration of uric acid 
(Salkowski, Ber. 1870, 9, 719 ; Swam, Amor. J. 
Physiol. 1910, 6, 38 ; Wiechowski, Beitr. Chem. 
Physiol. Path. 1908, 11, 109 ; Biochem. Zeitsch. 
1910, 25, 431), or of nucleic acid (Mendel, lx. ; 
Schittenhelm, Zeitsch. physiol, (-hem. 1910, 
66, 53; Wiechowski, l.c.). Allantoin is there¬ 
fore to be regarded as an end-product of uric 
acid metabolism in tho case of such animals as 
dogs and rabbits (Wiochowski, l.c.; Schitton- 
kelm, l.c.). For the importance of allantoin as 
end-product in purine mestibolism in monkeys, 
see Hunter and uiveus, Pro. Amer. Physiol. Soc. 

1910, xv.-xvi.; Amer. J. Physiol. 27, 1910- 

1911, xv. Allantoin is of therapeutic valuo 
(Funk, J. of Physiol. 45, 489-492), and is used 
to induoe c$il proliferation m cases of burns, &c. 
(Titherley and Coppin, Pharm. J. 1912 [iv.l 34, 
92-94). Allantoin injected increases the blood 
pressure (Backmann, Zentral. blatt f. Physiol. 
26, 166). 

The method of preparation of allantoin by 
oxidising uric acid with lead peroxide in presence 
of water is due to Liebig and Wohler (Annalen, 
1838, 26, 245); it has been modified by Mulder 
(Annalen, 1871, 159, 349), who effects the 
oxidation in dilute acetic acid solution and in 
bright daylight; by this method 100 grams 
of uric acid yield 30-32 grams of allantoin. 
A quantitative yield of allantom is obtained 
when urio acid is oxidised by an alkaline solu¬ 
tion of potassium permanganate, and the 
intermediate compound 

/NH *C0 *C( OH) *NH\ 

CO/ I >CO 

\NH-C(OH)-NH / 


decomposed by acetic acid (Sundvik, Zeitsch. 
physiol. Chem. 1904, 41, 343; Behrend, 
Annalen, 1904, 333, 141 : and 1915, 410, 340- 
341). Allantoin is also obtained by the action 
of nitrous acid on dialuric acid (Gibbs, Annalen 
Suppl. 1870, 7, 337). The synthesis of all#ntoin 
has Been effected (1) by Grimaux (Cornpt. rend. 
1876, 83, 62) by heating a mixture of glyoxylic 
acid (1 part) and carbamide (2 parts) at 100° 
for 8-10 hours; (2) by Miohael (Amer. Chem. 
J. 1883, 0, 198) by heating a mixture of mesoxalio 
acid and oarbamide in equal proportions at 
110°; (3) by Simon and Chavanne (Compt. 
rend. 1906, 143, 51) by the aotion of ammonia 
or alkali hydroxides on ethyl allantoate CH(NH* 
GO*NHJ,CO,Et, obtained by the condensation 
of ethyl glyoxylate with carbamide; (4) by 


Behrend and Zieger (Annalen, 1915, 410, 337- 
373) by oondensing urio acid and alloxanio aoid 
in boiling acetic anhydride ; (5) by Biltz and 
Giesler (Ber. 1913, 46, 3424) by the action of 
potassium cyanate on 5-amino hydantoin 
hydrochloride; and (6) by Biltz and Heyn 
(Annalen, 1916, 413, 39) by tie action of barium 
hydroxide solution on spiro-5,5,-dihydantoin. 

Allantoin is readily soluble in boiling water, 
sparingly so in cold (1 : 131 ‘5 at 21*8°) (Grimaux, 
Ann. Cnim. Phys. 1877, [v.j^ll, 389); it is 
optically inactive (Mendel and J Dakin, J. Biol. 
CJiem. 1910, 7, 153 ); crystallises in glassy 
monoclone prisms (Dauber,'Annalen, 1849, 71, 
511; Hunter, Biochem. J. 28, 3>9) ; its heat 
of combustion at constant pressure is -f-413‘8 
Cal. (cf. Emery, Benedict, Amer. J. Physiol. 
28, 1911, 303), and Beat of formation 4-170*4 
Cal. (Matignon, Ann. CJiim. Phys. 1893, 
[vi.l 28, 106). It melts at 227° (Titherley 
and Coppm), 235° with decomposition (Watt, 
Pharm. J. 1917, 45, 283), 235°-236° (decomp.) 
(Bill-/, and Hoyn, ibid. 40) ; 232° (Hunter, l.c.). 

Allantoin forms a silver salt CJIsOgN^Ag 
(Liebig and Wohler, l.c.) and a potassium 
salt C 4 H b 0 3 N 4 K (Mulder, l.c.); it also com¬ 
bines with certain metallic oxides to form spar¬ 
ingly soluble compounds ; the mercury, copper, 
zinc, lead, and cadmium derivatives are de¬ 
scribed by Lirnpricht (Annalen, 1853, 88, 94). 
(For tho method of estimating allantoin based on 
tho sparing solubility of tho silver and mercury 
derivatives, see Loewi, Zeitsch. anal. Chem. 1900, 
39, 266 ; Podusclika, ibid. 267). Allantoin from 
even 0*1 p.c. solution can be nearly quantita¬ 
tively precipitated with mercuric chloride and 
sodium hydroxide or carbonate (Hunter, J. Biol. 
Chem. 1916, 28, 270). For titrimetric estimation 
in urino, see Handovsky (Zeitsch. physiol. Chem. 
90, 211-220); for estimation in urin* and in 
presence of sugar, Plimmer and Skelten (Biochem. 
J. 1914, 8, 70-73, and 641-648); Giveus (J. 
Biol. Chem. 1914, 18, 417-424). 

Allantoin is oxidised by potassium ferricya- 
nide in the presence of potassium hydroxide to 
potassium allantoxanate ., 

,NHCO 

CO< I 

X NH*C: N’COjK 

(van Embden, Annalen, 1873, 167, 39); the free 
acid does not exist, but breaks down, when 
liberated from its salts, into carbon dioxide and 
allantoxaldin 


CO 


/NH-CO 
\nH-C : NH 


(Ponomareff, Ber. 1878, 11, 2156). For oxida¬ 
tion of with bromine liquors (see Cordier, 
Monatsft. 33, 759-796). Methylallantoln and 
iaomerides (Fischer and Ach, Ber. 1899, 32, 
2745; Biltz and Heyn, Annalen, 1916, 413, 
83-86, and 97); \-methylallant6in (a-methyl- 
allantoln) obtained from 9-methyl urio aoid, 
has m.p. 250°-252 B (deoomp.), Fisoher and 
Ach, m.p. 255°-259° (corr.) deoomp.; 3-methyl 
allantoin (j8 - methylallantoin) crystallises m 
prisms with one molecule of water, m.p. 
226°-227°, decomp., F^eher and Aoh, m.p. 
225°-227° (Airr.) decomp.; 3, 8 -dimethylallantoin 
is obtained from-3, 7-dimethylspiro-dihvdantoI% fc 
m.p. 222°, yellow (deoomp.); 1, 6- 

i" ” • 
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dimethylaUantoin, obtained from 1 , 9 -dime- 
fchylspirodihydanfcom, m.p. 226°-227° (K. Th.) 
(deoomp.). M. A. W. 

ALLEMONITE. A native alloy of arsenic 
and antimony, SbAs 3 , found at Allemont in the 
Dauphind, Przibram in Bohemia ; and Andreas- 
berg in the Hartz. 

ALLMATEIN. Trade name for a condensa¬ 
tion product of ha'matoxylin and formaldehyde. 

ALLOSAN. Trade name for santalyl allo- 
phanate. 

ALLOXAN. * Mesoxalylcarbamide 

co <nIco >C(OH) *’ 3Hs0 

found by Ifcebig (Annalen, 121, 81) and by 
Lang (Zeitsch. anal. Chem. 6 , 294) in certain 
pathological excretions, is one of the oxidation 
products of uric acid, and«was first prepared by 
Brugnatelli (Ann. Chim. Phys. 1817, 8 , 201; 
from Giornale di Fisica, decade eecondo i. 117), 
under the name of erythric acid, by oxidising 
uric acid by means of nitric acid, chlorine or 
iodine. Liebig and Wohler (Annalen, 1838, 26, 
266), who systematically studied the oxidation 
of uric acid, gave to this product the name of 
alloxan, regarding it as bearing the same relation 
to allanto'in and oxalic acid that oxaluric acid 
does to oxalic acid and urea. According to 
Liebig and Wohler (l.c.) and to Gregory (Mem. 
Chem. Soc. 1848, iii. 44), alloxan can be obtained 
most readily and with a yield of 90 p.c. by | 
careful oxidation of uric acid by means of nitric 
acid, sp.gr. 1*412. 

According to Schlieper (Annalen, 1845, 65, 
261), the oxidation of uric acid to alloxan is 
more conveniently effected with hydrochlorio 
acid and potassium chlorate ; 4 parts of uric acid 
are mixed with 8 parts of hydrochloric acid, 
and 1 part of finely powdered potassium chlorate 
added in successive small quantities, avoiding 
the liberation of chlorine; after two or three 
hours the dissolved aU^an is reduced by means 
of sulphuretted hyt^^pn to the sparingly 
soluble alloxantin. iSris separated from the 
sulphur by crystallisation from hot water, and 
oxidised to alloxan by the action of diluted 
nitric acid. Biltz (Annalen, 1916, 413, 60) 
prepares alloxan from urio acid in ono operation 
by oxidation with chlorine. 

Alloxan crystallises from warm saturated 
aqueouB solution in large triclinic prisms con¬ 
taining 4H a O ; on exposure to the air or on 
heating at 100° it loses 3H 2 0, and the dried 
compound has the composition expressed by 
the formula 

CO< NH-CO >C(OH> * 


(Lang, Grailich, J. 18S8, 308; Hartley, Chem. 
Soe. Trans. 190B, 87, 1802); it is also-obtained 
in oblique rhombic prisms, belonging to the 
’ monoclinio system on evaporating an aqueous 
solution at 85°-70°. The remaining moleoule of 
water is lost at 160°. By heating under reduced 

r ssure it is possible to dehydrate alloxan and 
mono- and dimethyl derivaties, all of which 
sublime unchanged in vacuum. 

Alloxan anhydride 0 1 H l 0 1 N0 1 , yellow rhom- 
bio crystals, has m.p. 256° (decomp.). 

They are deposited from alcohols containing 
40 a little hydrochloric acid in the form of alco- 
hoiates; these when heated Eliminate the 


molecule of alcohol and leave a residue with 
the melting-point of the anhydride (Biltz, Ber. 
1912,45,3659-3676). * „ , 

Alloxan anhydride 0 4 H 9 0 4 N a , yellow rhom¬ 
bic crystals, has m.p. 256° (decomp.). 

When crystals of alloxan are kept for some 
years in closed vessels they sometimes undergo 
spontaneous decomposition, forming alloxantin, 
parabanic acid, and carbon dioxide. According 
to Gregory (Annalen, 1853, 87, 126), this is due 
to the presence of traces of nitric acid contained 
in the water of crystallisation. Similar pheno¬ 
mena were observed by Baumert (Pogg. Ann. 
1860, 110, 93), by Heintz (Pogg. Ann. 1860, 111, 
436), and by Otto (Annalen Sup^l. 1865, 4, 266). 
Cases of spontaneous explosive decomposi¬ 
tion of alloxan are recorded by Wheeler and by 
Bogcrfc (J. Amer. Chem. Soc. 1910, 32, 809); 
the products of decomposition being carbon 
dioxide, carbamide, oxalic acid, and alloxantin 
(Gortnor, J. Amer. Chem. Soc. 1911, 33, 85). 

The molecular beat of combustion of alloxan 
is 276*5 Cal. (Matignon, Ann. Chem. Phys. 1893, 
[vi.l 28, 300); the dissociation constant is 
2-32 xl0 ~ 7 (Wood, Chem. Soc. Trans. 1906, 89, 
1835). The dissociation constant K (in diazo- 
acetic ester solution) =0-03542, Ch= 0'000920, 
and the sp. conductivity at 25° (not deducting , 
that of water, 11 x 10-*= 1*27 X 10~* (Caloagin, 
Atti R. Accad. de^ Lincei, [5] 25, i. 643-648). 

Tn commdii with the other Bimple ureides, alloxan 
shows no absorption bands in its spectrum 
(Hartley, Chem. Soc. Trans. 1905, 87, 1815). 

Alloxan is readily soluble in alcohol or water ; 
the solution is acia to litmus, stains the skin 
purple, and imparts to it a curious and un¬ 
pleasant odour. In its physiological action 
alloxan affects the central nervous system, pro- 
ducing first stimulation, then paralysis. When 
taken internally it is excreted in the urine as 
alloxantin and parabanic acid (Lusini, Chem. 
Zentr. 1895, ii. 311, 727, 838; Koehne, Chem. 
Zentr. 1894, ii. 296). 

Alloxan is readily oxidised by warm dilute 
nitric acid, forming carbon dioxide and 'para¬ 
banic acid ( oxalylcarvamide ) (q.v.) ; is reduced by 
sulphuretted hydrogen, Btannous chloride, zinc, 
and hydrochloric acid, or by boiling with excess 
of sulphurous acid to alloxantin (q.v.); and is 
readily hydrolysed by alkali carbonates or by the 
hydroxides or chlorides of the alk ali n e earths, 
forming the corresponding salt of aHoxanic acid. 
The barium and calcium salts are insoluble. 


/NHCOv 
00 > 
\NH-C(K 


C0+H,0= 


^/CONH-CO*NH 

\C00H 


t 


If, however, excess of alkali is employed or the 
solutions are heated,«the hydrolysis is carried 
to completion with the formation of mesoxalic 
acid .and carbamide (Schlieper, Annalen, 1846, 
55, 263; 50, 1; Biltz, Annalen, 1916, 413, 
70). Alloxan gives a deep-blue colour with 
ferrous salts, but no preoipitate is formed unless 
an alkali is present. According to Agrestini 
(Boll. Chim. Farm. .1902, 41, 6-7; Chem. 
Zentr. 1902, i. 031), the formation of blue colour 
is dependent on the presence of a trace of 
ammonia or caustic alkali, and the same dew- 
blue colour is also given by pure ferric salts 
under conditions, Fo* similarity in the 

behaviour of triketohydrindene hydrate and 
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aHoxan, g«e Ruhemann (Chem. Boo. Trans. 
10H, 99, 793); Tranbe (Ber. 1011, 44, 3146); 
Betinger (J. Amer. Obem. Soo. 1917, 39, 1069). 
Alloxan gives the muroxide reaction, and 
Angrestini (i.c.) finds that the ammonia in 
the reaction can be replaced by certain aoid 
amides, amino acids, or substituted amines; 
Rosenheim’s alloxan test for choline (J. Physiol. 
1906, 33, 220), namely, the fopnation of a 
deep red-violet oolour when a drop of a 1 p.o. 
notation of oholine hydrochloride is ovaporated 
on the water-bath with a few drops of a 
saturated solution of alloxan, is probably a 
reaction of the same order. 




Other tests 4or alloxan are (1) the formation the mesoxalyl radical 
c* a deep violet-blue oolour when a solution of 
alloxan is boiled for a few minutes with a drop 
of pyrrole. The colour changes to red on cooling, 
becoming green and then intensely blue on the 
addition of alkali. (2) The blue-green solution 
obtained on mixing concentrated sulphuric acid 
solutions of alloxan (or alloxantin) and pyro- 
eatechol, the colour changes to an intonse 
green on dilution (Agrestmi, l.c.). Hartley 
(Chem. Soc. Trans. 1905, 87, 1810) finds that 
hydrated alloxan, when powdered along with 
pure oaloite, acquires a yellowish-pink tinge. 

After half an hour the colour is decided and it 
is permanent; on adding water a red solution 
is obtained. When alloxa^, dried ^t 100°, is 
similarly treated, there is no colour developed 
until water has been added. Alloxanic acid 
gives no such colour reaction. Alloxan yields 
alcoholates, phenolates, and sulphites (Biltz, 

Ber. 1912, 4^5, 3007-3670), also a compound with 
hydrogen peroxide (0 4 H 2 0 4 N a )inH.,() 2 (Stolzcn- 
berg, Ber. 1910, 49, 1545). 

For other derivatives of alloxan, see Behrend 
and Zieger (Annalen, 1915, 410, 337-373). 

Potassium, alloxan C 4 H 3 0 5 N 2 K, pale red 
needles, decomposes about 235°. 

Carbamide alloxanate C 4 H 4 0 5 N 2 ,C0(NH 2 ) 2 , 
crystallises in four-sided prisms, decomposes 
lo6°-156°. 

Urea and alloxan also form a compound 
C 6 H 8 0 6 N 4 , decomposes 117° or 133°-134°, is 
probably a salt-like compound. It gives uric 
* acid and glycol when heated ; boiled with acetic 
anhydride it yields an anhydride CsHgOgN*, 
microscopic needles, m.p. 185°-180°. 

Methyl alloxanate C B H fl O s N t , prisms, decom¬ 
poses 175°-176°. 

The following hornologues of alloxan have 
been described*.— MeihylaUoxan 
^NMeCO- 


1894, 27, 8088), low* 1H,0 when tW« 
sulphuric acid, decomposes at 100 °; the an* 
hydrous compound is a palo yellow powder 
soluble in alcohol and nas m.p. 252 -25a* 8 
(decomp.) (Biltz, Ber. 1912, 45, 3659). Diethyl- 
aUoxan C 8 H 10 O 4 Nj, prepared by oxidising Is3* 
diethylbarbituric aoid with nitric acid, contain¬ 
ing a little nitrous acid (Sembritzki, Ber. 1897, 
30, 1820). Mcthylethylalloxan , from ethyltheo* 
l bromine by oxidation (Pommerehne, Apoth. 
Zeit. 1897, 12, 5). Some derivatives of 1 : 3- 
' diplienylalloxan have been described by Whiteley 
! ((Them. Soc. Trans. 1907, 91,^1344). 

Inasmuch as the alloxan* molecule contains 


° c <™' 


it forms a wide series of condensation products 
through the medium of the : C(OH) a or :CO group 
yielding derivatives of the type 

RUIOH) NH >CO or 

^CO-NlT \conh^ 

respectively. These compounds will be described 
under the following eight headings. 

1. Condensation of Alloxan with Bisulphites. 
—Alloxan forms condensation products of the 
type C 4 H 2 N 2 0 4 ,NaHS0 3 ,UH 2 0 with alkali 
bisulphites (Limpricht and YVuth, Annalen, 1858, 
108,41), and with the sulphites of certain organio 
bases (Pellizzari, Annalen, 1888, 248, 146). 
Alloxan ethylamine sulphite C 2 H 7 N*S0 3 H 2 ’ 
C 4 H 2 N 2 0 4 , H 2 0 ; A lloxan aniline sulphite C,H 7 N* 
s6 8 H 2 ,0 4 H 2 N«0 4 ,2H,0 ; Alloxan methylaniline 
^^t7eC 7 H 8 N-S0 3 H 2 ,C 4 H 2 N 2 0 A -2H i 0; AUoxan 
dmcf/iyZam'imwMfp^eOgHjjN-SOjHj.C.HjNjO^ 
4H 2 0, are described and* the crystallographio 
constants are given. The benzidine compound 
contains 1 H 2 0 ; toluidine, aminobenzoic acid, and 
aspartic acid yield similar compounds. Alloxan 
pyridine sulphite is triclinic, and anhydrous 
crystalline derivatives are afforded by quino.iu*, 
picoline, morphine , and cinchonine ; the strychnine 
compound has 1H 2 0, and the brucine compound 
HH a O. 

2. Condensation of Alloxan with Hydroxyl- 
amine. —Alloxan condenses with hydroxylamine 
hydrochloride (Ceresole, Ber. 1883, 16, 1133) to 
form the oxime , violuric acid 


C 0 <NH. 


.CO 


>co 


CO<Sh:cO> ;N ’ OH 


(q.v.). 


prepared from methyl uric acid (Hill, Ber. 1876 
9 , 1092); from £-urio aefti (Fischer, Ber. 1899, 
32, 2731); from theobromine (Maly, Andreasch, 
Monatsh. 1882, 3,108 ; Fischer and Clemim Ber. 
189,7, 30, 3090). It crystallises from water in 
brilliant colourless prisms, becomes anhydrous 
at 60° in a vaouum, and decomposes at 156°. 
Dimtthylalloxan 

«k!moS> c < oh >*- h « o 

prepared by oxidising caffeine (Fischer, Annalen, 
1882, 216,267 ; Maly, Andreasoh, Monatsh. 1882. 
9, 06), by boiling dioblorodimethylbarbituric 
aoid with water or silver oxide (Tcchow, Ber. 
Vou l.— T. 


3. Condensation of Alloxan with Hydrazine*. 

—Hydrazones of alloxan and its hornologues can 
bo prepared by the condensation of (a) the 
alloxan with the hydrazine 

co <Ih-co> co + H ^ NHPh 

(l) the dibromo- derivative of the corresponding 
barbituric aoid with the hydrazine 

co <NH-CO> CBr * + H.N’NHPh 

= c 9<NH-CO> C:NNHPh + 2HBr - 
(c) the corresponding barbituric acid with tl)g 
diazonium chloride . 

.L 
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carbimido- eroopi take part, and the product 
is au azine ; dUoxazim 


CO<NIKJO> C:N - NHPh ' 
And the following hydrazones have been pre¬ 
pared by ono or mois of these methods:— A Uoxan- 
phenylhydrazone 

co<J”:co>C :NNHPh 

pale-yellow crystals, molts and decomposes at 
298°-300* ; 1: 3- Dimethylalloxanphenylhydrazone 

CO^^;:S>C : N.NHP h 

slender yellow crystals, m.p. 2(il° the o- and p- 
nitro derivatives are yellow crystalline substances 
and decompose at 310° and 300° respectively 
(Ktihling, Her. 1891, 24, 41*40 ; 1898, 31, 1972); 
oUoxanphenylmfithylhydrazont 

CO<N£cO> C;N - NMePh 

brick-red hexagonal plates, decomposes at 189°- 
191°(Whiteley,Chem. Soc. Proc. 1906, 22, 201);! 
alloxandiphenylhydrazone j 

CO<OTPCO> C:NNPh -' 

bright-yellow powder, melts abovo 270° (Arm¬ 
strong and Robertson, Chern. Soc. Trans. 1905, 
87, 1291); 1: 3-diphenylalloxanphenylhydrazone 

CO<^Ph.CO> C:NNHPh 
bright-yollow needles that deoompose at 265°, the 
p-nitro derivative forms yellow prisms with a 
purple reflex and melt and decompose at 274°; 

1 : 3-diphenylalloxanphenylniethylhydrazone 

co<Sptoo>« :N - NMePh 

decomposes at 175° and crystallises in orange 
red prisms or bright-yollow needles; 1:3- 

diphenylalloxandiphenylhydrazone 

CO<Jp^o>° :NNPb > 

melts and decomposes at 254°-255°, and forms 
yellow crystals yielding an orange-red powder on 
trituration ; 1 : S-diphenylalloxanphcnyWenzylhy- 
drazone 

CO< dph-CO>° : NNPhCHjPh 
melts and decomposes at 130°, crystallises from 
benzene in bright-yellow needles, and from 
methyl alcohol in bright-red prisms; from 
toluene a mixture of the red prisms and yellow 
needles is obtained (Whiteley, Chem. Soo. 
Trans. 1907, 91, 1344); alloxancyanophenyl- 
kydrazone 

from alloxan and aminophenyloyanamide, straw- 
yellow compound, m.p. 286° (Rolla, Gazz. ohim. 
real. 1907, 37, i. 623). 

4, Condensation of Alloxan with Semicarba- 

zlde. —This reaction has been studied by Brom¬ 
berg (Ber. 1897, 30, 131). He describes the 
oomponnds dUoxanttmicarbazidt C,H,0,N 5 and 
ddmeihyfottoxanaemiwrba'iide C,H,,0 4 N 4 , but was 
no# successful in determining their constitution. 

5. Condensation ot Alloxan with Diamines.— 

jjji the condensation of alloxan «ijh o-diamines 

ie ietonio carbonyl and one of "the adjacent 


/NiC-NH-CO 
'N: d'CO'NH 


obtained from o-phenylenediamine, forms yellow 
microscopic crystals that decompose above 300° ; 
similar derivatives were obtained from 3:4- 
diaminotoluono and a-j3-diaminonaphthalene 
(Kuhling, Ber. 1891, 24, 2363) ; for the effect of 
oxidising and reducing agents on these com¬ 
pounds, comparo Kuhling, Ber. 1895, 28, 1968; 
1899,32,1650). • 

The condensation of alloxan with mono- 
substituted o-diamines results in the formation 
of two compounds according as one or more 
alloxan molecules take part in the reaction. 
Thus alloxan condenses with orthamivoditolyl- 
amine at the ordinary temperature to form 
alloxanylorlhaminoditolylamine 

C,H,-NH-C,TI,-N: C<™™>CO 

glittering yellow prisms, that melt and decompose 
at 2?>2 0 , and dissolve m concentrated sulphuric 
acid with a deep red colour; if, however, the 
condensation is effected in the presence of fuming 
hydrochloric acid a$d the mixture is boiled, 
dudloxanylo > lhaminodifolylamine 

C(OH)-N(C 7 n 7 )-C,H # -N:C 
o(/ X ( N o oc^ bo 


If N NH 


I1N NH 


t 


is formed. It is crystalline, and blackens at 
300°, dissolves readily in alkali carbonates, and 
gives a deop-blue solution in concentrated 
sulphuric acid. Dimethylalloxan gives similar 
derivatives (Kuhling, Ber. 1893, 26, 540), and 
similar condensation produots are obtained 
from alloxan and phenyl-o-phenylenediamine, 
o-aminodi-p-tolylamine, and N-methyl-o-phenv- 
lenediamino (Kiihling and Kaselitz, Ber. 1900; 
39, 1314); and from tetramethyl-m-phenylene- 
diamine (Sachs and Appenzeller, Ber. 1908, 41, 
91). 

6. Condensation of Alloxan with Aromatic 
amines. —Alloxan condenses readily with pri¬ 
mary aromatic amines (Pellizzari, Gazz. chim. 
ital. 1895, 17, 419) to form aminoaryl sub¬ 
stituted dialuric acids, yielding on hydrolysis 
with alkali, the corresponding tartronio acid 
(gM>.). Thus aniline and alloxan give p-amino- 
phenyldialurio acid, and this on hydrolysis 
yields p-aminophenyltartronic acid 

C0 <J7H : C0> C > 0H )» + O.H.-NH, 

= CO< nh . co >C(OH).C.H 4 , NH j . 

C0 <NH <;0>C(0 H ijO.H.-NH, + 4K0H 

= NH ! -C ! H 4 -C{0H)(C0 3 K) s +2NH,+K ! C0 8 . 

In view of the importance of these compounds 
as sources of tartronio acids, their preparation 
forms the subject of a patent, D. R. P. 112174 
(Frdl. 1900-1902. 158-159), in whioh the amino- 
aryl- dialurio ana tartronio acids obtained from 
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the following bases are described: ethylaniline, I 
diethylaniline, benzylaniline, methylbenzylani- 
line, efchylbenzylaninne, diphenylamine, o-tolu- 
idine, o-ethyltoluidine, o-anisjdino, methyl-o- 
anisidine, o-phenetidine, wi-chloraniline, tn-chlor- 
dimethylaniline, and m-ohlordiethylaniline. 

By careful oxidation with potassium perman¬ 
ganate of the alkali salts of the tartronio acids, 
or by oxidising the corresponding dialuric acid 
with mercurio oxide in presence of potassium 
hydroxide, the corresponding glyoxylio acid 
can be obtained 
NH 2 € 8 H 4 C(0H)(C0 2 H) 2 +0 

= NH 2 -C 8 H 4 -COCO. a H + C0 2 + H 2 0 
and the preparation by these methods of an 
important series of glyoxylio acids forms the 
subject of patents D. R. P. 117021, 20/11, 

1900: and 117168, 3/12, 1900. 

Alloxan condensos also with pyrazolone bases 
to form derivatives of dialuric acid (tartronyl- 
carbamide), and these on hydrolysis with cold 

SSSSt-STSSS: ! r - «*r. . »• 

Ca7 \TT>u no ; decomposes at 227°, and yields an acetyl aeriva- 

NPh CO \ ^CO NH\ ro 0 | tire, m.p. 207°. 

xr _ pm / ' \CO-NH ^ ’* 2 For condensation products of alloxan and sub- 

forms' long yellow needles that decompose at stituted rhodamic acids (s« Bntscher Monateh, 
170°-178°, and yield ph^lmethylpytazolonelur j t^feompt rend. 1911, W, 

1077). M. A. W, 


described by Kiihling (Ber. 1908, 38, 3003). 
Klihling and Schneider (Ber. 1909, 42, 1288): 
phenaajUialurk acid 

/co-m 

COPlrCIlj-nOH) \(JO,H,0 

\conh; 

m.p. 212°, with decomposition; the bromo- 
derivative decomposes at 217°; p-ethoxyphen- 
acyldialuric acid C, 4 H 14 0 8 N 2 , m.p. 214®; the 
bromo- derivative, decomposes at 201°; ay-di- 
phenylacs tony Id mluric acid 

/OO-NH 

CH 2 Ph-CO-CHPh*d(OlT) */CO 

SkOO-NH 

m.p. 233° with decomposition; p-methylphen- 
acyldialunc acid • 

/CO -NH 

C 8 H 4 Me4JO-CH 2 -C(OH) '/CO 
\C0-NH 


tronimide 

NPhCO 


\cH-C(OH)<^£>NH 
N = CMe/ 

on hydrolysis; phenyldunelhylpyrazolonetar- 
tronylcarbamide 
NPh ■ COv 

t >-C( 0 H)<CONH> c ° 

NMe-CMe^ 0 ^ ^ 

melts and decomposes at 201°, and yields 
phenyldimdhjlpyrazolovetartronimidc. 

NPh-CO ■ 

decomposing at 245°-250°. 

7. Condensation ol Alloxan with Phenols.— 

Alloxan oondensos in the presence of hydrogen 
chloride, sulphuric acid, or zinc chloride with 
mono- or polyhydroxy- phenols to form 
derivatives of diaiurio acid (tartronylearbamidc), 
that promise to be of value for pharmaceutical 
purposes, and are readily oonverted by hydrolysis 
into the corresponding tartronic acid : 

OH'C,H 5 + (OH),C</co:™>0 
/CO-NH v 

-» OHO,H,.d(OH) )GO 

•\C0-NH , 

-> 0H-C,H 4 C(0H)(C0 2 H) 2 . | by passing sulphuretted hydrogen through a hot 
A description of the compounds drained aqueous solution of dibromobarbituno acid 
from alloxan and the phenolio compounds, phenol, I (Compt. rend. 1879, 88, 86). Koech (Annalen, 
wi-oresol, p-cresol, guaiacol, pyrocateohol, resor i 1901, 316, 246) describes the conversion of iso- 
oinol, hydroquinono, pyrogallol, a-naphthol, is dialuric acid into alloxantin by heating it with 

t iven in D. R. P. 107720, 25/8, 1898; 113722, 1 guanidine and acetic acid; the change seems 
/7, 1900; 114904, 17/9,1900; and the tartronio to be due to the transformation of the wodialurio 
acids derived from them are described in D. R. P. ! acid into dialuric acid Jjy the action of the base, 
116817, 8/10, 1900. 1 and the subsequent oxidation of the diaiurio 

8. Condensation ol Alloxan with Ketones.— , acid to alloxantin, sinoe, if the reaction is con- 
ABoxan condenses with acetophenone and certain ducted in tin atmosphere of carbon dioxide, 
of its homologues to form phenacyldialuric acid ! diaiurio acid only is obtained. An aqueous 
or it# derivatives of which the following are | suspension of alloxantin possesses considerable 


ALLOXAN1C ACID v. Alloxan ; and Biltz, 
Heyn, Bergius (Annalen, 1916, 413, 368) ; 
Bohrend and Zieger (Annalen, 1916, 410, 
337). 

ALLOXANTIN C 8 H fl 0 8 N 4 ,2H 2 0 (Ritthausen, 
Ber. 1866, 29, 892) exists in small quantities in 
crude beet-juice (Lippmarai, Ber. 1896, 29,2646), 
and forms 34 to 36 p.c. of the produots when con- 
vicin from sow-beans ( Vida fdba minor) or from 
vetches (Pt'ct'a saliva) is hydrolysed by dilute 
mineral acids (Ritthausen, l.c.; J. pr. Ohem. 
1899, [ii.] 69, 487). Johnson (J. Amer. Chem. 
Soo. 1914, 36, 337- 343) discusses its origin in 
plants. Alloxantin was jjrst prepared by Liebig 
and Wohler (Annalen, 1838, 26, 262) by oxidising 
uric acid with dilute nitric acid; or by the 
direct union of alloxan and diaiurio acid, or by 
reducing a cold aqueous solution of alloxan witn 
sulphuretted hydrogen or stannous chloride. 
According to Vitali (Chem. Zentr. 1898, i. 666, 
from Boll. Chim. Farm. 37, 65), the reduction 
can also be effected by means of hydriodio acid. 
Alloxantin was synthesised by Grimaux (Compt. 
rend. 1878, 87, 762) by heating malonic acid, 
carbamide and phosphoryl chloride at 160°, 
and passing sulpnuretted hydrogen through a 
nitric acid solution of the crude product; or 
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oxygen consuming power (Thunberg, Stand. 
Arch. Physiol. 1916, 33, 217). 

Alloxantih crystallises from aqueous solutions 
in small sharp rhombic prisms, containing 2 mola. 

H. O ; it becomes anhydrous after heating for 
1-U hours at 150°, or for 5 hours at 107°-110° ; 
it decomposes at* 170° into hydurilio acid, 
ammonia, carbon monoxide, carbon dioxide, and 
oxalic acid; turns yellow at 225°, and decom¬ 
poses at 253°-255° (Biltz, Ber. 1912, 45, 3675). 
It is decomposed into barbituric acid and 
parabanic acid when heated with concentrated 
sulphuric acid At )20°, or into allituric acid 
C fl H 6 0 4 N 4 when boiled with excess of hydro¬ 
chloric acid (Ochliepor, Annalen, 1845, 56, 20). 
Alloxantin is sparingly soluble in cold water 
(0*2885 gram per 100 c.c. at 25°, of which about 
22 p.c. is undissociated, Brlman and Bcntzon, 
Ber. 1918, 51, 522), yielding an acid solution 
that reduces solutions of silver salts, and gives 
a characteristic violet-blue precipitate with 
baryta water, changing on warming into the 
colourless barium alloxanate which undergoes 
further decomposition into barium mesoxalate 
and barium carbonate (Liebig and Wohler, 
Annalen, 1838, 26, 312). Alloxantin has a 
molecular heat of combustion = 584*7 Cals. 
(Matignon, Ann. Ohim. Phys. 1893, fC] 28, 323), 
and a freshly prepared aqueous solution shows 
a remarkable absorption band in the ultra¬ 
violet, which disappears upon keeping the 
solution, owing to the decomposition of the 
alloxantin into alloxan and dialuric acid (Hartley, 
Ohem. Soc. Trans. 1905, 87, 1814). For this 
reason Hartley expresses the constitution of 
alloxantin by the formula 

. /NHOOs. /CCPNH, 

co( hcAc-o c; h >C 0 

NnH’CCK \CO-NIF 

(ibid. 1819 ; see also Biilmann and Bentzon, Ber. 
1918, 61, 622 j Slimmer and Stieglitz, Amer. 
Chem. J. 1904, 31, 66)1). Piloty and Finekh 
(Annalen, 1900, 333, 22) found that alloxantin 
was resolved into alloxan and dimcthylamine 
dialurate, by boiling with dimethylamine acetate, 
and suggest the constitutional formula 

iatwhich the relationship between alloxantin and 
alloxan is the same as that existing between 
quinhy drone and quinone. In diazo acetic ester 
the dissociation constant is 0*0000331, con¬ 
centration of H ions 0*00001644, and sp. con¬ 
ductivity at 25° (not deducting that, of water 

I, 1 x 10- 6 ) 1,13 X 10 (Calcagni, Atti. R. Accad. 
dei Lincei. [5] 25, i. 643 ; see also Richter, Ber. 
1911, 44, 2155; Johnson, J. Amer. Chem. Soc. 
1914, 30, 337). 

Alloxantin is readily converted into murexide 
i(q.v.) by the action of ammonia, into alloxan 
by mild oxidising agents, and into dialuric 
acid by reducing agents. In its physiological 
action* alloxantin resembles alloxan, but is 
especially poisonous to cold-blooded animals, 
the blocia showing strong reducing properties; 
wtoen taken internally iPappears in the urine as 
parabanic acid, and in smaller quantities as 
dialuric acid, murexide, and alloxantin itself (Ko- 
^alWewaki^Cbem. Zentr. 1887, 1296 ; Susini, Ann. 
. 43him. Farm. 1895, 21, 241 ; 1896, 22, 341, 385). 


AcdylaUoxantin C lo H 8 OoN 4 ,H|0, obtained 
by the interaction of acetyl dialuric acid and 
alloxan, crystallises in thm leaflets, becomes 
anhydrous when kept in a vacuum over sulphuric 
acid, melts and decomposes at 263°-265 fc , and 
is slowly' hydrolysed by h6t water with the 
formation of alloxantin. 

Benzoylalloxantin C J6 H 10 O ft N 4 ,H 2 O, simi¬ 
larly formed from benzoyl dialuric acid and 
alloxan, crystallises in colourless six-sided plates, 
and melts at 253°-255° (Behrend and Friedrich, 
Annalen, 1906, 344, 1). 

Alloxantin is decomposed when boiled in an 
aqueous solution of the hydrochloride of a 
primary amine, yielding alloxan, together with 
the corresponding dibarbiturylalkylamine. These 
are colourless crystalline dibasic acids, hydrolysed 
by boiling with aqueous alkali hydroxides into 
dialuric acid and the amine. Dtbarbiturylme- 
thylamine 

m< .NH*CO sr ,/NMe. f1<: .CO*NH. ro 
bU< “NH*CO >0<; H H >t< ^CO*NH ;>i/U 
decomposes at 280°, dibarbituryleihylamine de¬ 
composes at 235°, dibarbiturylphe.nylamine be¬ 
comes blue at 240°, dibarbituryl-a-naphthylamine 
becomes black at 260°, the corresponding /3- 
compound decomposes at 200°, and ddmrbituryl- 
rarbamide C0(NH*C 4 H 8 0 8 N 2 ) 2 decomposes above 
300°. r *. 

The following homologues of alloxantin have 
been prepared: mctliylalloxantin C fl H 8 0 8 N 4 , 
3H 2 0 from mcthylalloxan and dialuric acid 
(Andreasch, Monatsh. 1882, 3, 431); sym- 
dimethylaUoxaniin C i0 H 10 O h N 4 ,4H 2 O from 
methylalloxan (Maly, Andreasch, Monatsh. 1882, 
3, 109), unsym -dimdhylalloxantin C, 0 H 10 O 8 N 4 , 
H a O from dimethyldialuric acid and alloxan 
(Andreasch, Monatsh. 1882, 3, 428). Teira- 
mdhylalloxantin C ]2 H, 4 0 8 N 4 amalic acid (from 
a /xa\6s — soft, so called on account of its 
feebly acid reaction), prepared (1) by oxidising 
caffeine with chlorine or nitrio acid (Rochleder, 
Annalen, 71, 1); (2) by reducing dimethyl- 
alloxan with sulphuretted hydrogen (Fischer, 
Ber. 1881, 14, 1912) or with stannous chloride 
(Andreasch, Monatsh. 1895, 16, 19); (3) from 
dimethyldialuric acid and diipethylalloxan 
(Maly and Andreasch, Monatsh. 1882, 3, 105) ; 
(4) by the electrolysis of caffeine in sulphuric 
acid solution (Pommerehne, Arch. Fharm. 235, 
,365). See Biltz (Ber. 1912, 45, 3673) for the 
preparation of dimethyl and IdramelhylaUoxantin 
from theobromine and caffeine respectively. 
Tetraethylalloxantin C, 8 H 22 O s N 4 , obtained by 
reducing diethylalloxan, melts and decomposes 
at 162° (Sembritzki, Ber. 1897, 30, 1821). 

f M. A. W. 

ALLOXAZINE v. Alloxan. 

ALLOYS v. Metallography. 

ALLY^. A univalent radicle C e H 6 — » or 
CH a : CH*CH a —, isomeric with propenyl CH,’ 
CH: CH C 

Allyl acetate CH 8 *C0 8 C 8 H 8 boils at 103°- 
104°/733*9 mm. (Bruhl), and has sp.gr. 0*9376 at 
0° (Schiff). It is only slightly soluble in water, 
and has a rather sharp smell. It is prepared 
by the action of allyl iodide on silver acetate 
(Zinin, Annalen, 96,361 ; Cahours and Hofmann, 
Annalen, 102, 295; Bruhl, Annalen, 200, 179 j 
♦Schiff, Annalen, 220, 109). 

Allyl acetie acid CjHg-CHj-COjH boils at 
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187 °-189°, and has sp.gr. 0-98416 at 16° (Perkin). 
It is slightly soluble in water and its smell 
resembles that of valerianic acid. It is unafiectcd 
by reduction with sodium amalgam, but readily 
unites tfith two atoms of bromine. It is prepared 
by hydrolysing allyl acetoacetic acid ethyl ester 
with dry sodium ethoxide, or by heating allyl 
malonio acid (Zeidler, Annalen, 187, 39 ; Conrad 
and Bischoff, Annalen, 204, 170 ; Henry, Chem. 
Zontr. 1898, ii. 663). 

The chloride C 3 H 6 , CH 2 'C0C1 is a thick, 
pungent-smelling Byrup, boiling at 1287765 mm., 
and of sp.gr. P0739 at 16° (Henry, lx.). 

Allylacetone OH 3 ‘COCH a C 3 H 5 boils at 
128°-130°, ana has sp.gr. 0'834 at 27°. It is 
an unpleasant-smelling liquid. It forms an 
amorphous compound with sodium bisulphite, 
and is reduced by sodium amalgam to hexenyl 
alcohol. It is prepared by hydrolysing allyl 
acetoacetic acid etnyl ester (70 grams) with 
crystallized baryta (216 grams) and water 
(1650 c.c.) (Zeidler, Annalen, 187, 35 ; Mcrling, 
Annalen, 264, 323). Treated with hydl’oxyl- 
amine it yields allylacetoximc ('H 3 *C(: NOH )*(’H a - 
C 3 H 6 , which is a liquid boiling at 188° (corr.), 
soluble in alcohol, benzene, ether, acids and 
alkalis 

Allyl alcohol C 3 H B -OH, •>. CH a :CH CH 2 ()H 
occurs in raw wood spirit, but only to the extent 
of about 0*2 p.c. (Aronh^lm, Ber. *874, 1381 ; 
Hrodzki and Kramer, tbid. 1492). It is a 
pungent liquid with a burning taste, and mixes 
readily with alcohol, water, or ether. It boils 
at 96'6° (corr.), and has sp.gr. 0 , 87063 at 0° and 
0 8573 at 16715° (Thorpe, Chem. Soc. Trans. 
1880, 208), Do 0-86929, and b.p. 96-95 0 (Wallace 
and Atkins, Chem. Soc. Trans. 1912, 1183). 

It is prepared by slowly distilling glycerol 
(400 parts) with crystallised oxalic acid (100 
parts) and a little ammonium chloride (1 part) 
to convert any potassium oxalate into chloride. 
The receiver is changed at 190° and distillation 
continued up to 260 . It is usually stated that 
the allyl alcohol is produced by the decomposi¬ 
tion of monoformin, but according to Chattaway, 
the chief source is the normal oxalic cstor 

CH 2 -ch-ch 2 oh, 

dioxalin I J which on 

o-co-coo 

heating is resolved into carbon dioxide and 
allyl alcohol (Chattaway, Chem. Soc. Trans. 
1914, 105, 151; ibid. 1915, 107, 407). The 

distillate, containing aqueous allyl alcohol, allyl 
formate, acrolein, and glycerol, is rectified and 
dried, first with potassium carbonate, then over 
solid potash and distilled. When the last traces 
of water are removed by quicklime it boils at 
96*6°. The yield is ona-Bixth of the weight of 
oxalio acid taken-(Tollens and Henninger, Bull. 
Soo. ohim. [2] 9, 394; Briihl, Annalen, 200, 
174; Linnomann, Ber. 1874, 854). further 
purification may be effected by prolonged 
heating with sodium bisulphite and, after 
removal of the bisulphite, redistilling several 
times from quicklime (Thorpe), 

According to Koehler (Bull. Soc. chim. 1913, 
fiv,] IS, 1103) the yield of allyl alcohol may be 
increased from 20 to 32 p.o. by replacing the 
oxalic acid by formic acid. 100 grams of 
alyoerol are heated with 80 grams of formic acid 
lor an hour on a water-bath and the product 
iractionally distilled and collected in three 


fractions: (1) up to 200°; (2) 200°-260°; (3) 
residue. The saponification index of fraction 
(2) is determined, and it is then poured on to 
twice the calculated amount of solid potassium 
hydroxide. The whole is boiled for an hour, 
allowed to cool, and tko top layer decanted and 
dried over anhydrous potassium carbonate. 
The intermediate product is monoformin. 

According also to Hoff (K. Dansko Videnskab. 
Selskab. Forhand. 1915, 199) the most satis¬ 
factory method of preparing allyl alcohol con¬ 
sists in the direct reduction of glycerol with 
formic acid. 825 grams of J97 p.c. glycerol and 
84*2 graniH of 95 p.c. formic acid (mol. props. 
5:1) are heated together in 3? retort; the 
receiver is changed at 200°, and the distillate 
collected between 200° and 250°. After cooling a 
furtjier quantity of* 165 grams of glycerol and 
84-2 grams of formic acid is added, and tho 
distillation carried out as before. This process 
is repeated ten times. From the distillate 
between 200° and 250°, which weighs about 
1470 grams, allyl alcohol is obtained after 
treatment with potassium carbonate, the yield 
being about 54 p.c., calculated either witli 
respect to tho glycerol or the formic acid (Chem. 
Soc. Abstr. 1916, i. 6). 

Allyl alcohol is oxidised by chromio acid 
solution to acrolein and formic acid ; and by 
dilute mtrio acid to formic and oxalic acids; 
whilst potassium permanganate produces acrolein, 
glycerol, and formic acid. It combines directly 
with chlorine,bromine, iodine chloride, and cyano¬ 
gen, producing additive products. It is partially 
reduced by boiling for some hours with zinc and 
dilute sulphuric acid to 7?-propyl alcohol. 
Potassium displaces the hydroxylio hydrogen 
atom and forms gelatinous potassium ally late. 

Dcniges (Bull. Soc. # chim. 1909, 5, 878) 
describes the following colour reactions for the 
detection of allyl alcohol, depending on the 
formation of (1) glyceraldehyde and (2) di- 
liydroxyacetono and the condensation of these 
products with various reagents. Bromine 
water (0*6 c.c. in 100 c.c. water) is added to 
0‘1 c.c. of allyl alcohol*till a slight permanent 
colouration is produced, and the liquid is 
then boiled, cooled, and divided into portions 
of 0‘4 c.c. To each of these 0 - l o.c. of a 5 p.c. 
solution of codeine, resorcinol, thymol, or $• 
naphthol is added, followed by 2 c.c. of sulphuric 
acid (sp.gr. 1*84) and the mixture warmod 
during 3 or 4 minutes at 100°. Codeine and 
thymol give reddish-violet colourations, resor¬ 
cinol wine-red, and ^-naphthol yellpw with 
greenish fluorescence. The second series of 
colour reactions is obtained by adding to tho 
brominated liquid above described 5 c.c. of 
bromide water (0‘6 c.c. in 100 c.c. water), 
heating during 20 minutes at 100°, then boiling 
to remove excess of bromine and cooling. This 
liquid contains dihydroxyacetone, and in the 
presence of concentrated sulphuric acid gives a 
deep-blue colour with codeine, orange-red with 
resorcinol, blood-red with thymol, or green with 
green fluorescence with j3-naphthol (Denigfes, 
Compt. rend. 148, 172, and 282). 

Bromine is quantiiat ively absorbed by allyl 
alcohol, whether the former is in excess or not, 
and the reaction is suitable for the exact 
quantitative estimation of the alcohol, whMt 
may be effected either by direct titration with 
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bromine water until a permanent yellow coloura¬ 
tion is obtained, or Dy treating the acidified 
aqueous solution of the alcohol with an excess 
of bromide-bromate solution, followed by 
addition of potassium iodide and titration ol 
the liberated iodine with sodium thiosulphate 
(Stritar, Monatsh/1918, 39, 017). 

Allylamines. 

Monodllylamine C t H.*NH 2 is a liquid boiling 
at 63*3° ana of sp.gr. 0-7799 at 4° and 0 7688 at 
15° (Perkin, Chora. Soo. Trans. 1889, 697); b.p. 
58° and sp.gr. 0-864 at 16° (Rinne, Annalen, 
168, 262); b.p. 56°-r66-67766-2mm. (Schiif, Ber. 
1886, 665). It is prepared from allyl isocyanate 
and potash, <!fr from allyl iodide and ajnmonia, 
or by reduction of allyl mustard oil with zinc 
and hydrochloric acid (Oeser, Annalen, 134, 8). It 
possesses a penetrating smell, which excites tears 
and produces snoozing. It is miscible with water 
in all proportions, and is a strong base, forming 
a crystalline platmichloride (O 3 iI # *NH 2 ) 2 Pt(Jl 0 , 
and sulphate (C s H 6 a NH t ) a H s SO t . The hydro¬ 
chloride melts at 105 o -110° (I)el6pino, Bull. 
Soo. ohim. [3] 17, 294) and the picrate at 
140°-141° after sintering (Gabriel and Eschen- 
bach, Ber. 1897, 1125). 

Diallylamine (C 3 H 8 ) 2 NH boils at 111 0 and 
is prepared from ally famine and allyl bromide 
(Ladonburg, Ber. 1881, 1879 ; Liebermann and 
Hagen, Ber. 1883, 1641). 

TriaUylamine (C 3 11 8 ).,N is a very unpleasant- 
smelling liquid, boiling at 150°-151° (Pinner, Ber. 
1879, 2054); 155°-166°, sp.gr. 0-8094 at 14-3° 
(Zander, Annalen, 214, 151). It is prepared by 
distilling totrallylammomum bromide with large 
excess of recently fused potash (Grosheintz, 
Bull. Soc. chim. [2| 31,391) or from allyl chloride 
and alcoholic potassium cyanide in the cold 
(Pinner, lx.); or from allyl chloride and am¬ 
monia (Malbot, Bull. Soo. chim. [2) 50,90). It is 
displaced from its aqueous solution by potash, 
ana forms a crystalline platinichlorido and 
hydrochloride. 

Tetrallylammonium bromide (C,H 6 ) 4 NBr is a 
crystalline solid, soluble in alcohol and water, 
but only slightly so in ether. It is prepared by 
leading a stream of ammonia into an alcoholic 
solution of allyl bromide. The product is puri 
lied by recrystallisation from alcohol containing 
a little ether (Grosheintz, Bull. Soc. chim. |2| 31, 
*890). Treated with moist silver oxide it yields 
tetrallylammonium hydroxide. 

Telrallylammonium iodide (C 3 H # ) 4 NI is the 
main product of tho reaction of allyl iodide on 
ammonia at the ordinary temperature (Cahours 
and Hofmann, Annalen, 102, 305; Malbot, Ann.. 
Chim. Phys. [6] 13, 488). It is a crystalline; 
solid, insoluble in strong potash solution. 

Allylaniline C„H 6 \NHC a H. is a yellow oil 
produoed by the action of allyl iodide on aniline. 
It boils at 208°-209° and has sp.gr. 0-982 at 25° 

■* (Sehiff, Annalen Suppl. 3, 364). 

Diallylaniline C f H 8 *N(C 3 H 8 ) 2 is prepared by 
adding allyl bromide (1 mol.) to aniline (1 mol.), 
ip a flask fitted with reflux condenser, separating 
.the allyl aniline by the addition of potash, and 
converting it into diallyl aniline by repeating 

« t process with more hllyl bromide (1 mol.), 
boils at 243-5*-245°,*and has sp.gr. 0-9538 at 
8° (Zander, Annalen, 214, 149). 

Aflyl benzene C a H,*CH 2 *CH:CIJj is obtained 
by heating together benzene, allyl iodide and 


zinc-dust to 100° (Chojnacki, J. 1873, 659; 
Fittig, Annalen, 172, 312]. It boils at 165°. 
The isomeric propenyl benzene (and phenyl 

propylene—€„H b‘OH : CH*CH.) is sometimes 

incorrectly referred to as allyl benzene. 

Allyl bromide, monobrompropylene CH a :CH* 
CH 2 Br, boils at 70°-71°, and has sp.gr. 14336 
at 17° (Zander, Annalen, 214, 144); b.p. 70*5° 
(corr.) (Thorpe). It is formed by the action 
of phosphorus tribromido on allyl alcohol, and 
is prepared by dropping allyl alcohol into a hot 
solution of potassium bromide in sulphuric acid 
(1 vol. acid to 1 vol. H 2 0) according to Gros- 
heintz (Bull. Soc. chim. (2] 30, 78); or by 
saturating allyl alcohol with hyefrogon bromide 
at 0° and subsequently heating to boiling for 
several hours (Jacobi and Merling, Annalen, 278, 
11 ). 

Allyl bromide absorbs hydrogen bromide in 
bright light forming trimethyleno bromide; in 
the dark propylene bromide is also produced 
(Holleman and Matthes, Proc. K. Akad. Wei. 
Amstcr. 1918, 21, 90). 

Allyl chloride CH 2 -.CH CH 2 C1 boils at 46°, 
and lias sp.gr. 0*9547 at 0° (Tollons, Annalen. 
156,154); 0*9371 at 19*3° (Zander, Annalen, 214, 
142); b.p. 45*29° (corr.) (Thorpo). It is pre¬ 
pared by the action of mercuric chloride on ally? 
iodide, or from allyl oxalate calcium chloride 
and alcohcT at 100° \Oppenheim, Annalen, 140, 
205); or, best, by heating allyl alcohol and 
concentrated hydrochloric acid to 100° for some 
hours (Kltekow). It combines with hydrogen 
chloride to form propylene chloride C 8 H 8 C1 2 , 
and with fuming hydrobromic acid yielding 
1 -chloro-3 - bromopropane CII 2 C1 *Clf 2 *CH 2 Br. 

Allyl cyanamlde, sinamine, C 3 H 8 -NH-CN, is 
produced by warming allyl thiocarbamide with 
lead hydroxide on the water-bath (Will, Annalen, 
52, 15). On standing for some months crystals 
separate from the resulting product. It is pre¬ 
pared by shaking an aqueous solution of allyl 
thiocarbamide with mercuric oxide until the 
solution no longer blackens ammoniacal silver 
nitrate (Andreaseh, Monatah. 2, 780). It is 
alkaline in reaction, precipitating motallic oxides 
and replacing ammonia in its salts. The crystals 
contain |H a O and melt at 100°, giving up their 
water. It forms a difficultly crystallisable salt 
with oxalic acid, but not with other acids, and 
double compounds with mercuric and platinic 
chlorides. 

Allyl cyanide, crotononitrile. C 3 H 8 -CN, boils at 
119° (corr.), and has sp.gr. 0*8491 at 0° and 
0*8351 at 15°. It is obtained by the action of allyl 
iodide on potassium cyanide, and, together with 
other products, by allowing allyl mustard oil to 
remain m contact with water for some weeks, 
and also by the aotion of acetic anhydride on 
crotonaldoxime. It has been prepared by Henry 
(Ghenk Zentr. 1898, ii, 662) by the action of 
phosphorus pentoxide on a- or j8-hydroxy-bu- 
tyronitrile. It is a liquid with an unpleasant, 
onion-like smell. On warming to 50°-60° with 
fuming hydrochlorio aoid for two hours, chloro- 
butyrio acid is produoed. Chromic acid oxidises 
it to acetic acid, nitrio acid to oxalio acid. 

Allylenes. Two allylenes are possible and 
known: symmetrical allylene CH 2 .*C:CH 2 , 
and unsymmetrioal allylene CH 8 *C-CH. 

Symmetrical &Uy\tne,propadicne, CH.: 0 :CH* 

is a gas whioh bums with a sooty luminous 
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flame. It is prepared by dropping a-bromoailyl 
bromide (10 trams) into a mixture of 20 grams 
zinc-dust and 25 grams alcohol (70p.o.) (Gus- 
tavson and Demjanow, J. pr. Chem. [2] 38, 202). 
It, does not precipitate ammoniacal^ solutions of 
silver nitrate or cuprous chloride. It is readily 
absorbed by strong sulphuric acid, and acetone 
is produced on dilution. When dissolved in 
absolute ether and heated with sodium to 100°, 
it changes into the isomerio methyl acetylene 
It readily forms a tetrabromide C 3 H 4 Br 4 by 
addition of bromino. 

Unsymmetrical allylene, methyl acetylene 
CH 3 CjCH, results from propylene bromide, 
monobromopi*>pylene, or monoohloropropylcno 
by withdrawal of HOI or JIBr by means of 
alcoholic potash, and from symmetrical allylene 
( v. supra). It is an unpleasant-smelling gas, 
which is liquefied under a prossuio of 3-4 
atmospheres. It burns with a bright sooty 
flame. It dissolves readily in ether (30 vols. in I 
of ether at 10°). Potassium permanganate m 
the cold oxidises it to formic, oxalic, and malonie 
acids. Explosive compounds are produced by 
leading it into ammoniacal solutions of silver 
nitrate or cuprous chloride. Concentrated sul¬ 
phuric acid readily absorbs it, forming on dilution 
and distillation acetone mesityleno and allylene 
sulphoiiic acid C 3 H 3 S0 3 II (Schrobo, Per. 1875, 18 
ana 367). The barium sal^oi the latter is crystal¬ 
line, easily soluble, and not decomposed on boil¬ 
ing with water. ('/. Acetylene : homologi e-1 f 

Ally! other C 3 H 6 *0*C 3 H B boils at 5)4‘3° and 
lias sp.gr. 0*8046 at 18°. it is prepared from 
allyl iodide and sodium allyl alcoliolatc, or from 
allyl iodide and mercuric oxide (Cahours and 
Hofmann, Annalen, 102, 200; Berthelot and 
Luca, Ann. Chim. Phys. [3] 48, 201). 

Allyl ethyl ether 0 3 If B *()(! 2 n5 bods at 66°- 
67°/742 , 0 mm. (Briihl, Annalen, 200, 178). Pro- 
pared from allyl iodide and sodium ethoxidc. 

Allyl iodide C 3 H 6 1 boils at 102*79° (corr.) 
(Thorpo and Rodger), and has sp.gr. I 8696 
0°/0°. Bertholot and Luca (Ann. Cliim. Phys. 

[ 3] 43, 257) obtained it by the action of PI t on 
glycerol. It may be prepared by leaving 
together for 24 hours red phosphorus (20 grains), 
allyl alcohol (160 grams), and iodine (254 grams) 
(Tollens and Henmnger, Annalen, 156, 156); 
or by the following process: 100 grams of 
iodine and 1500 grams of carefully dehydrated 
glycerol are brought together in a large vessel, ' 
the air displaced by a current of carbon dioxide, 
and 300 grams of ordinary phosphorus gradually 
added. The allyl iodide is distilled off in a 
stream of carbon dioxide, and then contains 
as impurity some isopropyl iodide. According 
to Rasik Lai Datta (J. Amer. Chem. Soc. 1914, 
36, 1005) the use of* carbon dioxido is un¬ 
necessary. To purify it, it is dissolved in 
alcohol and shaken with mercury, when the 
compound HgC a H B I is precipitated. # This is 
recrystallised from water and decomposed, 
regenerating allyl iodide, by distillation with 
water and the theoretical quantity of iodine 
(Linnemann, Annalen Suppl. 3, 263). Jj, com¬ 
bines with bromine to form tribromhydrin, and 
with hydriodio acid to give diiodopropylene. 
By long heating with about 20 parts of water it 
is converted into allyl alcohol and hydriodio acid. 

Allyl mercaptan C f H 6 SH boils at 90°. 
With mercurio chloride it yields C # H,SHgCl, 


which crystallises from alcohol in plates (Hof- 
mann and Cahours, Annalen, 102, 292; Gerlich, 
Annalen, 178, 88). 

Allylmethylal isothiocyanate is the name 
given to the compound C 8 H 6 0*SCH 2 CN, pre¬ 
pared by passing a current of formaldehyde gas 
through glycerol (1 kilo) and allyl isothiocyanate 
(5 grams) heated to 190° until the weight of the 
whole is 1400 grams. When cool the product 
is filtered and the resulting methylal isothiocya- 
nate used as an antiseptio (Piot, Fr. Pat. 330988, 
1903). 

Allyl mustard oil v . Mustard oil and Essen- 
tial oils. • 

Allyl nitrite C 3 If g NO a is obtajped by adding 
glycerol tnnitrite to ice-cold allyl alcohol ana 
cautiously distilling off the allyl ester (Bertoni, 
Gazz. chim. ital. 15, 364). It boils at 43-5°- 
44-5°, and has sp g?. 0-9546 at 0°. It is readily 
decomposed by shaking with water, and yields 
ethyl nitrite on treatment with ethyl alcohol. 

Allyl-phenyl-thiourea ' may be 

prepared from aniline and mustard oil (Zinin, 
Annalen, 84, 348); or from allylamine and phenyl 
mustard oil (Wcith, Ber. 8, 1529). It forms 
monoelinic crystals, melting at 98°, and ia 
readily soluble m oilier, but not in water. 

Allyl pyrrol C 4 If 4 NC 3 II 5 is readily obtained 
by lb(‘. action of allyl bromide on potassium 
pyrrol in ether (Ciamician and Dennstedt, Bor. 
1882, 2581). It is a light-yellow oil, turning 
btown on exposure to air. It boils at 106°/48 mm. 
It is insoluble in water, but dissolves m HCl, 
producing a red colour. 

Allyl sulphate C 3 1I 6 \HS0 4 ia prepared by 
adding allyl alcohol (1 vol.) to sulphurio acid 
diluted with its own vojume of water (1 vol.), 
and leaving at ordinary temperatures for five 
days. Subsequently tho mixture ia‘heated to 
70® for 12 hours, diluted with water (10 vols.), 
and saturated with barium carbonate (Szyman- 
ski, Annalen, 230, 44; v. also Cahours and 
Hofmann, Annalen, 102, 293). It forms cha¬ 
racteristic salts, a number of which are described 
by Szymanski (lx.). * 

Allyl sulphide, oil of garlic, (Ger. Kiioblau- 
chtil) (C 3 H 6 ) 2 S, occurs in garlic ( Allium sativum) 
and other plants. It is prepared from mustard 
oil and potassium sulphide at 100° (Wertheim, 
Annalen, 55, 297); or from allyl iodide and 
potassium sulphide (Hofmann and Cahours, 
Annalen, 102, 291). It is a liquid boiling at 138-6°, 
and has sp.gr. 0-88765 at 26-8°/4°. It has a very 
strong odour of garlic and is only slightly 
solublo in water. 

Allyl thlocarbamide, aUyl thiourea, thiosina- 


minetfKhodallin' ^C S H # “ produced 


by the prolonged action of aqueous ammonia 
on mustard oil (Dumas and Pelouze, Annalen, 
10, 326). It forms clear six-sided tables, which 
melt at 78-4°, after sintering at 71°. It ia 
insoluble in benzene, sparingly soluble in 
water, and readily so in alcohol and ether. It 
combines directly yith halogens, cyanogen, 
ethyl iodide, acids, &c. Deprived of its sulphur 
by mercurio oxide, or lead oxide, it yields s%na~ 
mine (allyl cyanamide) C 3 H g 'NH*CN. It has been 
used in susgery for the removal of soar tisflfe 
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being' injectecTas a 10 or 15 p.c. solution in 
dilute, glyoerol. 

AHyi trlbromide, * Tribromhydrin * C.H B Br„ 
was obtained by Wurtz by treating ally! iodide 
with bromine, and by Berthelot and Luca by 

* the action of phosphorus tri- and penta bro¬ 
mides on glycerol. It is a slightly yellow liquid 
of sp.gr. 2-430 at 15-5°, and boils at 217°. It 

a strong sedative and anodyno. 

Ally! urea OOs^jJg!^ crystallizes in 

needles, melting 1 at 85* (Cahours and Hofmann, 
Annalen, 102, 299 ; Andreasch, Monatsh. 5, 3G). 

r J. A. P. 

ALMASCA. A soft grey resin soluble in 
chloroform, ether, and absolute alcohol. Pro¬ 
bably derived from the burseraceous Proliant 
heptaphyllum (March.) [Icicq heplaphylla (Aubl.)| 
(Symes, Pharm. J. [31 13, 213). 

ALMATEIN. Trade name for a condensa¬ 
tion product of hematoxylin and formaldehyde. 
Used as an antiseptic. 

ALM1RAO. Indian name for Launcea pinna - 
tifida, (Cass.) Microrhynchus sarmentosus (DO) 
which belongs to tho family Composite and is 
used at Goa as a substitute for taraxacum 
(Dymock, Pharm. J. [3] 0, 730). 

ALMOND. The kernel of the fruit of Prunus 
amygdalus or Amygdalus communis. 

Two principal varieties exist—tho sweet and 
tho bitter almond. Both contain amygdalm, 
but the latter is much richer in this substance 
(2 to 3 p.c.), and con tarns an enzyme, emulsiji, 
which, in the presence of water, decomposes the 
amvgdftlin. yielding glucose, benzaldehyde, and 
hydrocyanic acid 
C m H I7 N0 11 +2H,0 

=C 6 H 5 CH0+HCN+2C 6 H J8 0, 

In addition, almonds ---ontain about 50 p.c. of 
their weight of a lixed oil (mainly oloin, and 
liable to become rancid) and smaller quantities 
of proteins, sugar, starch, gum, fibre, and ash. 

Analyses oi almonds mado at various stages 
of growth and ripening, show the percentage of 
amyloses, glucose, and saccharose to steadih 
diminish, whilst the proportion of oil increases 
(Du Sablon, Compt. rend. 1896, 123, 1084). 

According to Vallee (Compt. rend. 1903, 130, 
[2] 114), reducing sugars in the immature almond 
decrease as the fatty oil increases; sucrose 
mcreases until oil - formation begins, then 
decreases during oil-production, and towards the 
end again increases. Ripe almonds contain 
about 3 p.c. of sucrose. According to Osborne 
and Campbell (J. Amer. Chem. Soc. 1896, 18, 
609), the protein in almonds is amandin and not 
conglutin or vitellin. H. I. 

ALMOND OIL is obtained from the seeds 
of Prunus amygdalas (Stokes) \ Amygdalus 
communis (Linn.)]. The almond tree appears to 
have been indigenous to Turkestan and Middle 

* Asia, and has been transplanted from there to 
Greece, Italy, Spain, France, and to Northern 
Africa. The mean percentage composition of 

» almond is given by Konig as follows 

.41 00 p. c. 

W*t«r.27 72 „ 

proteins . . . * . . 16-50 „ 

f Extracted matter, free from nitrogen 10*20 „ 
Crude fibre , / . . *2-81 „ 

.. 1-77 ;; 

. ‘loo-oo 


The commercial oil is ohiefly expressed from 
bitter almonds, the seeds of Prunus amygdalus, 
var. amara. Bitter almofids oontain, besides 
the oil, amygdalin and emulsin, which give 
rise to the formation of benzaldehyde, dextrose, 
and hydrocyanio acid. Hence the press-cakes 
from almonds find a profitable outlet in the 
manufacture of genuine ‘ ethereal bitter almond 
oil,’ which is prepared by triturating the meal 
with water. 

Sweet almonds (from Prunus amygdalus, 
var. dulcis ) are but rarely used, alone for the 
preparation of almond oil. Mogador bitter 
almonds, which are chiefly used in this country 
for the manufacture of almond t»il, are always 
more or less mixed with sweet almonds. Sweet 
almonds yield from 44 to 55 p.c. of oil, bitter 
almonds yield less and may contain as low a 
proportion of oil as 20 p.c. On an average, 
however, bitter almonds yiold from 38 to 45 p.c. 
of oil. 

The oil is pale yellow ; it has a very pleasant, 
mild taste, and is almost free from odour, Tho 
specific gravity of the oil varies from 0-915 to 
0"9195 at 15°. The oil becomes turbid at —J0°, 
and solidifies at —20°, has the saponification 
value of the majority of oils which are free from 
volatile acids, and an iodine value of OS-lOO.* 
Farnsteiner (Zeitsch. Nahr. Genussm. 1899, 
2, 1) separated linok.o totrabromido in a pro¬ 
portion corresponding with5-97 p.c. of linolio aoid, 
and it is probable that other specimens may 
contain up to about 10 p.c. of that acid. The 
other fatty acids consist mainly of oleic acid, 
with, at most, traces of saturated fatty acids. 

Almond oil is chiefly used in pharmaceutical 
practice. Owing to its high price it is largely 
adulterated with other oils of the Prunus 
family, chiefly with apricot kernel oil, from 
Prunus armeniaca (Linn.), and with peach kernel 
oil, from Prunus perstca (Sieb. et Zucc.). These 
two oils are very similar to almond oil, but have 
a less pleasant taste. They are used to such 
an extent as adulterants that frequently they 
completely take the place of almond oil; indeed 
‘ foreign ’ almond oil, or ‘ oil of sweet almonds, 
French ’ (Oleum amygdalarum gallicum), is 
nothing else than a mixture of aprieot kernel 
oil ana peach kernel oil. Genuine almond oil 
is sold in commerce under the name ‘ almond oil, 
English.’ 

The close relationship in which apricot and 
peach kernel oils stand to almond oil, renders 
their detection in almond oil a difficult problem. 
They differ from almond oil in sometimes 
having a higher iodine value (96-108), and a 
higher critical temperature of solution (e.g. 
almond oil, 32°-33-5 0 ; apricot kernel oil, 
46°-47°; and peach-kernel oil, 41°). Of various 
colour reactions that of Bieber (Zeitsoh. anal. 
Chem. ,1878, 17, 264) is the best known. It 
depends on the different colourations given by 
the three oils when shaken with a mixture of 
strong sulphurio and nitric acids and water. 
■The chromogenic substance in apricot kernel oil 
is not volatile with steam, and the test is capable 
of detecting 5 p.c. of that oil in almond oil 
(Ross and Race, Analyst, 1911, 36, 263). 

ALMONDS, BITTER, Essential oilof (v. Bshs* 

ALDEHYDE ; also 0lL8, E8SENTIAL). 

ALOE. A genus ot succulent jiants, having 
stiff, pointed, fleshy leaves, belonging to the 
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Liliaoes. (Plants figured, and atruoture of 
leaveB described, Pennetier, 560, 579.) Of the 
S5 epeoies 60 are natives of Cape Colony, and tho 
other species are mainly sub-tropical African, 
though a few occur in the tropios ; a number of 
speoies have been, however, introduced into the 
West and East Indies. (For a list of the species 
and their distribution, v. Pharm. J. [3] 11, 
746.) 

The fibre is used for rope, &c.; experiments 
made in Paris have Bhown it to be five times as 
strong as hemp. The fibre has also been uBed 
for paper-making (Nat. 20, 484). 

ALOE-EMODIN v. Rhubarb. 

ALOE RESINS v. Aloes oh Bitter aloes. 
ALOES or BITTER ALOES. {Aloes, Fr.; 
Aloe, Ger.; Aloe, B.P.; U.S.P.). The inspis¬ 
sated juice or extract of the aloe. Slow con¬ 
centration induces crystallisation and gives an 
e product ‘aloe kepatica.’ More com- 

E and rapid evaporation yields glassy ‘ aloe 
which shows no crystals under the 
microscope. The principal varieties found in tho 
market are:— 

1. Curasao ( Barbados) Aloes (from A. chi- 
nensis, Baker, A.vera, L.), formerly produced in 
Barbados, but now almost exclusively in 
Curasao and other Dutch West Indian islands. 
It is usually opaque (‘ livery ’) and from orange 
to nearly black in colour.* « 

2. Cape Aloes (from A. ferox, Miller, and 
other South African species) is vitreous, breaking 
readily into transparent glassy, reddish, or pale- 
brown fragments. It is tho chief variety used 
in Germany and adjoining countries; in Britain 
mostly for veterinary purposes. 

3. Socotrine. Aloes (from A. Pcrryi, Baker). 
It is generally imported in a moist pasty con¬ 
dition, and is of a dark reddish-brown colour. 
A variety of Socotrine Aloes from Zanzibar often 
closely resembles that from Curasao. Of these, 
Curasao Aloes is tho only ono containing 
appreciable quantities of t.sobarbaloin, and hence 
gives Klunge’s reaction characteristic for this 
substance {see below). With concentrated nitric 
acid Curacao aloes become at once deep red ; 
Socotrine becomes reddish- or yellowish-brown ; 
Cape aloes gradually green. The aqueous 
solution (1 p.c.) of all varieties shows a green 
fluorescence on adding 5 p.c. borax solution. 
Natal aloes is no longer an article of commerce ; 
Uganda aloes (imported from Mossel Bay) is a 
variety of Cape aloes produced by careful 
evaporation. 

Alolns. By extracting aloes with water the 
urgative principles, aloins, can be obtained, 
henstone (Pharm. J. [3] 13, 401; (Jhem. Soc. 
Trans. 44, 480) divider them into two classes : 
1. Naialoins, which only yield picric and oxalic 
acids with nitric acid, and which are not 
reddened by it, even on heating (FHickiger, 
Arch. Pharm. [2] 149, 11; Tilden, Chem. Soc. 
Trans. 25, 153). 2. Barbaloms , which yield 
aloetic acid C 14 H 4 (N0,) 4 0„ chrysammio acid 
CuH,(NOfc) 4 ( OH) 8 0 a , picric and oxalic acids, 
ana are reddened by nitric acid, a-Barbaloms, 
from Barbados aloes reddened in the cold by 
strong nitric acid (Tilden, Pharm. J. [3] 2, 845 ; 
Chem. Soc. Trans. 25,488). B-Barbaloins, from 
Socotrine, Zanzibar, and Jafferabad aloes, 
coloured only on heating with ordinary, and in 
the cold with fuming, nitric acid (Fliickiger, l.c.; 


Tilden, Chem. Soo. Trans. 28, 1270; Pharm. 
J. [3] 4, 208). 

Aloin, official in the B.P. and U.S.P., 
and obtained ohiefly from Curasao aloes, is a 
yellow crystalline powder consisting of a mixture 
of barbaloin and xsdbarbaloin, which substances, 1 
according to L6ger (Comp*, rend. 1911, 153, 
114), are isomeric, having an arabinose group 
in positions 1 and 8 respectively. I/ger (J. 
Pharm. Chim. 1907, [vi.] 25, 476, 513) further 
considers that all the above-mentioned varieties 
of aloes yield barbaloin with’the exception of 
the Natal variety, which ^ives a separate sub¬ 
stance, nataloln. The amount oi aloin in 
Cura 9 ao aloes has been variously estimated as 
from 10 to 30 p.c. In addition, there is present 
an amorphous aloin {$-barbaloin ), which is 
apparently storooisomerie with crystalline 
barbaloin, and is formed from tho latter by 
heating for three hours to 160°-165°, and partly 
by acetylation (Leger, Compt. rend. 1914, 158, 
1903). Capo aloes contain 5-6 p.c. of crystalline 
barbaloin and about three times the amount of 
3-barbaloin (Linger, Compt. rend. 1907, 145, 
1179). 

Tschirch and Pedersen (Arch. Pharm. 236, 
200) found m-Barbados aloes 12’25 p.c. barbaloin, 
12-65 p.c. resin, 1*75 p.c. ash, 10’5 p.c. amoimhous 
constituents soluble m water, and 0T5 p.c. 
aloe emodin (which is allusion product of barba- 
loin, see below; its constitution and properties 
are given under Rhubarb). The resin is the 
cinnamate of aloeresinotannol C 22 H, 4 0 4 (0H) a (?). 
According to Tutin and Naunton (Pharm. J. 
1914, [iv.J 37, 836) the proportion of aloe emodin 
is much larger. 

Barbaloin may be readily prepared by 
extracting aloes with two parts of water at 
90°-95°; the crystals? which separate on 
standing for some days, are recrystaMised from 
water, and finally from alcohol. It forma 
small yellow prismatic needles containing water 
of crystallisation, and when anhydrous, melting 
at about 147°. 

Barbaloin has formed the subjeot of numerous 
investigations. For a 4ong time its formula was 
considered to be C, 8 H, h 0 7 (Tilden, Trans. 
1872, 25, 204; 1875, 28, 1270; Schmidt, 

Bcr. 1875, 8, 1275), or C l8 H 18 0 7 (Groenewold, 
Arch. Pharm. 1890, 228, 115; Leger, Compt. 
rend. 1897, 125, 185) Aschan (Arch. Pharm. 
1903, 241, 341) and Jowett and Potter (Chem. 
Soc. Trans. 1905, 87, 878) confirmed one or 
other of these formula* by molecular weight 
determinations, as well as by analysis. Against 
this mass of evidence we must, however, place 
Leger’s observation (Compt. rend. 1002, 134, 
1111, 1584), that by the action of sodium 
peroxide on barbaloin, there are formed formio 
acid, aloe-emodin Ci 5 H, 0 O 5 {see Rhubarb), 
nnd an aldopentose C s H 10 O{;. He accordingly 
changed the formula to C 2 iH ao O # . Later he 
showed (Compt. rend. 1910, 150, 983, 1095; 
1912, 155, 172) that alcoholic hydrogen ohloride 
also produces aloe-emodin and the BUgar, whieh 
was confirmed by Oesterle and Riat (Schweiz. 
Woch. Chem. Pharm. 1909, 717). Finally, 
L6ger identified the*sugar with certainty as 
d-arabinose; he considers that in barbalom it 
is attaohea to the aloe-emodin in position 1 , and 
in Mobarbqloin in position 8 of the anting 
quinone; the sugar is, moreover, attached by 
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one of its hydroxyl groups and not by the 
aldehyde group as in other glucosides. 

Seel and Kelber (Ber. 1916, 49, 2364) have 
confirmed Lager’s formula by molecular weight' 
determinations (c/. also Seel, Kelber, and Scharf, 
Ber. 1917, 50, 759). 

The only way of reconciling Leger’s results 
with the Oi# formula would be to regard barba¬ 
loin as a reduced anthraquinono derivative, 
which breaks down by two simultaneous but 
independent reactions to aloo omodin and d- . 
arabinose; but it is preferable to attribute, the | 
earlier analytical results to the difficulty of I 
purifying the substance. 

Barbalomp after several crystallisations from 
alcohol, does not show a sharp melting-point 
(145°-150°), [alu—10*4° m ethylaccfate (Leger), 
—8'3° in 90 p.c. alcohol (Jowctt and Potter). 

Aloe-emodin C 16 H 1( ,O r) , in.p. 224", is an , 
alcohol, a hydroxymethyl dihydroxyanthra- 
quinone (for constitution and relationships, -set' 
under Riiubaiiji). On oxidation with chromic 
acid barbaloin gives a mixture of aloe-emodin 
and the corresponding acid, rliein (Oosterle and 
Babel, Schweiz. Woch. Chein. Pliarm. 1904, 42, 
320), which mixture was named by Tilden 
(Chem. Soo. Trans. 1879, 32, 2G4,1)03) aloexan- 
thin. 

Isobarbalom occurs, according to Leger, in 
Barbados aloes to the extent of 0‘5 p.c. ; it 
gives the same hydrolytic products as barbaloin, 
and the two are theieforo regarded by Leger as 
stereoisomerio (Compt. rend. 1910, 150, 1695) 
It gives Klunge’s reaction (see above), and is 
not present in Socotrine and Cape aloes. 

Nitric acid (1) 1*2 at 100°) oxidises both 
barbaloin and isobarbalom to tetramtroaloe- 
emodin C 1 |H 0 O 6 (NO 2 ) 1 (Leger, Compt. rend. 
1910, 151, 1128; ltftl, 153, 114), which by 
boiling nitric acid (L 1*32) is converted into 
chrysammic acid C I4 H 3 () 2 (0lI) 2 (N0 4 ) 2 . In the 
mother-liquor of the tetramtroaloo-emodin Legei 
found 2:4: G-trinitro-3 hydroxy benzoic acid, 
which by loss of carbon dioxide yields pietio 
acid. In addition to picric and chrysammic acids 
the older observers obtained aloetie acid by 
iho action of nitric acid on aloin; Ocsterle and 
Riat (Schweiz. Woch. Clioin. Pharm. 1900, 44, 
509) consider aloetie acid to be trinitroaloo- 
imodin. 

Natal aloes contains about 14 p.c. of nataloui, 
n.p. 203°, crystallised from boiling ethyl or 
nethyl alcohol. Among the various formula' 
issigned to this substance probably the best 
established is that of Leger («T. Pharm. Clnm. 
1903, [vii.] 17, 13), C 28 H 26 O 10 , who regards it as 
the methyl ether of homonataloin ^22*^23^9‘t)IL 
silso present in the drug. The latter, and 
probably also the former, of these aloins, like 
barbaloin, yield rf-arabinose on hydrolysis 
|Lcger, Compt. rend. 1912, 155, 172), which is 
apparently less stably attached than in barba- 
ioin to a £rihy droxy methy lanthraq umone, 
nataloemodin, orange-red needles, m.p. 220°, and 
its methyl ether. 

Natawemodin methyldher, pale orange-yellow 
needles, m.p. 238°, is formed by the oxidation ot 
nataloln with sodium pertixide (Leger, J. Pharm. 
Shim. 1903, [vii.] 17, 13, 52). Nat^loin difers 
from barbaloin in its resistance to alkalis, and 
| II not yielding ohrysammio acid or aloexanthin 
on oxidation with nitrio acid, byt only piorio 


and oxalic acids (Shenstone, Chem. Soo. Trans. 
44, 480); further, in not giving Klunge’s and 
Borntraeger’s reactions (seeHielow). Both nata* 
loin and its lower homologue give a green 
colouration with concentrated sulphuric acid and 
manganese dioxide or potassium dichromate, 
and a violot colouration in sodium hydroxide 
solution with ammonium persulphate (Leger). 
For a general review of the more recent work 
on the chemistry of tho aloins, see Leger, Ann. 
Clnm. 1916, Fix.] 6, 318-381. 

The ream from Natal aloes yields on hydro¬ 
lysis p-coumaric acid and nataiorosinotannoi 
C 22 H ls 0 4 (0H) 2 (?). 

khcalom is a crystalline subst&nce from aloes 
of Aloe vulgaris, uativo in Sicily. Condb- 
Vissicchio has given it the formula C l5 H 20 O 7 , 
and finds it to contain one methoxy group; it 
docs not fluoresce with borax, and does not 
give Bomtracgcr’s reaction (below). 

The aloins from Curasao, Cape Socotra, 
Uganda, and Jailcrabad aloes are probably 
identical with barbaloin. Zaualom from Zanzi¬ 
bar aloes appears to be different (Leger, J. 
Pharm. 25, [vi.] 513 ; Tachirch and Hottbauor, 
Arch. Pharm. 243, 399). Tho latter chemists 
show that Barbados aloes contain but little 
tsoaloin, Jailerabad none, whilst that ironr 
Curasao contains a considerable proportion. 

Uses . —^hiefly iik medicine and as a hop- 
substitute. In doses of 0‘1-03 gram aloin 
causes purgation in 8-20 hours, given by the 
mouth or hypodermically. In tho latter case, 
it is excreted in the largo intestine, where it 
piobably is first oxidised to an active substance. 
The oxidation is hastenod by iron salts, whence 
the use of Piltila A tors el Ferri. Aloes is the 
basis of most ‘ patent ’ pills. 

Various proposals have been made for con¬ 
verting aloin into (insoluble and) tasteless com¬ 
pounds, c g. by condensation witli formaldehyde 
in dilute sulphuric acid solution (‘ formaloin ’ of 
E. Merck), with carbonyl chloride or ethyl 
ehlorocarbonate in pyridine solution (Gcr. Pat. 
229191), or with a mixture of formic and acetic 
acids by means of zinc chloride (Ger. Pat. 
233326), 

Properties and Reactions. —Pure aloes is 
soluble in ether and almost completely soluble 
in water, the solution being coloured dark-brown 
by alkalis, black by ferric chloride, and grey by 
lead acetate (Fliickiger). By adding a solution 
of copper sulphate or chloride to a solution of 
aloes, an intense yellow-coloured solution is 
obtained, which, warmed with potassium 
bromide or chloride, turns to a deep-red and 
reddish-violet tint (Klunge, Ber. 16, 691; Arch. 
Pharm. 1883, 363). Tjjjis reaction is due to iso- 
barbaloin, fot barbaloin, rocrystallised several 
times from methyl alcohol, does not give the 
test (Leger, Compt. rend. 131, 55). Borntraeger 
(Zoitsch. anal. Chem. 19, 165; Ber. 13, 1040) 
extracts with twice the volume of benzene, and 
adds to the clear extract a drop of ammonia, 
when, on warming and shaking, the solution 
becomes violet-red; to test for aloes in elixirs, 
liqueurs, &c., the alcohol is first evaporated. 
This is a general reaction for hydroxymethyl 
anthraquinones. Lenz (Zeitsch. anal. Chem. 21, 
220) extraots with amyl aloohol, evaporates 
the extract, treats with nitrio acid, and then 
with potassium cyanide and hydroxide, when a 
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blood-red colouration is obtained. Cripps and 
Dymond (Pharm. £ [3] 15, 633) test for alom 
by dissolving 1 gram in 16 drops of strong sul¬ 
phuric acid, thou adding 4 drops of nitric acid 
(1 -42) and 1 ounce of water, when a doep orango 
or crimson colour is produced, deepened by 
ammonia ; substances containing chrysophanic 
acid behave in a similar manner, but their 
aqueous solution turns pink upon the addition 
of ammonia. Aselmn (Arch, Pharm. 241, 340) 
gives in tabular form a comparison of the 
reactions of the chief varieties of .does. The 
behaviour towards nitric acid and fluorescence 
with borax are mentioned above. 

Curasao aloes should bo almost entiioly 
soluble in 60 p.c. alcohol, and contain not more 
than 3 p.c. of ash, 12 p.c. of moisture, and 
30 p.c. of substances insoluble m cold water 
Cape aloes should dissolve almost completely 
in 12 parts of boiling water, and completely in 
5 parts of warm 00 p.c. alcohol. The moisture 
should not exceed 5 p.c., the ash 1*5 p.c. At 
least 60 p.c. is soluble in cold water. According 
to the U.S.P. the ash of aloes docs not exceed 
4 p.c. 

A process for the estimation of alum in 
aloes has been described by Schaefer (J. Pharm. 
[vi.] 6, 206), and loi the uon-resinous consti¬ 
tuents by Tschirch and Hofl bauer (Arch. 
Pharm. 1905, 243, 390). •The latte# piocess has 
been modified and used by van Itallio (Pharm 
Weekblad, 1905,42, 553) for the evaluation of 
aloes, but in the nature of things these processes 
are not very accurate. G. B. 

ALOES, ESSENTIAL OIL OF. A pale-yellow 
mobile liquid to which tho odour of aloes is due. 
Sp.gr. 0'863, boils at 266°-271°. It exists in 
small quantities in aloes, and when puio has tho 
taste and odour of peppermint (Pharm. J. 
[3] 10, 613). 

ALOES WOOD. A name applied to the wood 
of Aquillana Agallvclia (Roxb.), a leguminous 
tree of Cochin China, and to that of A. malac- 
censis (Lam.) of tropical Asia. Both are highly 
fragrant and aromatic; used in fumigations 
and pastilles, and occasionally by cabinet¬ 
makers and inlayers. 

The same name is applied to tho resin. Of 
all perfumes this is said to be the most esteemed 
by Orientals. 

ALOIN v. Glucosides. 

ALOO BOKHARA, ALPOGADA, PAZHAM. 
The Bokhara plum (Primus xnsitxtia (Linn.) \P. 
bokharienais], largely imported into Bombay. 
Used as a laxative. Tho root is astringent; the 
gum is used as a substitute for gum arabic under 
the name of Persian gum (Dymock, Pharm. J. 
[3] 9, 145). • 

ALOUCHI RESIN v. Aluchi resin, art. Resin. 

ALPHOGEN (Alphozone). Trade names for 

Buccinylperoxide. • 

ALPHOL v, Synthetic drugs. 

ALPINIA OFFICINARUM v. Galanua HOOT. 

ALPINIA OIL. An essential oil obtained 
from the leaves of Alpinia malaccensis; sp.gr. 
1*02 at 26°, lot. power +6-5°. Consists mainly 
of methyl cinnamate, together with d-pinene 
(Van Romburgh, Proc. K. Acad. Wetensch. 
Amsterdam, 1900, 3, 451). 

ALPININ v. Galanga root. 

ALPOGADA v . Aloo Bokhara. 

ALQUIFON. Black lead ore or Potters* ore. 
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A native lead sulphide, used by potters to glaze 
coarse ware. 

ALSOL v. Synthetic drugs. 

ALSTONIA BARK. The dried bark of 

Alalonia scholaris (R. Br) and A. conslrxcla 
(Jj\ Muell.), an apocynaceous tree growing in 
Australia. It has a bitter taste, slightly 
eamphorous odour, contains a neutral bitter 

principle (similar toctt»Zcedr*ttand/ti/ MCWf»*»), 

a volatile oil smelling like camphor, an iron- 
groenmg tannin, resin, fat, wax, a protein-like 
substance, oxalic and citric acids (Palm, J. 
1863, 615). 

Muller and Hummel (Ctiem. Soc. Trans. 35, 
31) obtained a yellow substance*to which they 
gavo the name aUlonine. Oborlin and Schlag- 
denhaulTen (Pharm. J. [3] 10, 1059; Chem. 
Soc. Abstr. 38, 137) showed that this body 
consisted of two compounds, ulstonine and 
alstonicine, the former being soluble in acids 
with fluorescence, tho latter without. 

Hesse subsequently (Ber. 14, 264 ; Annalen, 
205, 360) isolated: 

Alslonmc (chlorogenine) C 80 H al N 3 O 4 , a brown 
a niorphous mass, a strong base, soluble in chloro¬ 
form, alcohol, and sparingly soluble in ether, 
and melting .when anhydrous at 195° (uncorr.). 

Porpltyrina U sl U aB N 3 O a , a white powder 
melting at 97° (uncorr.), soluble in alcohol, chlo¬ 
roform, ether, and acids, with blue fluorescence. 

Porphtyrosine, soluble in acetic acid, forming 
a pink solution. 

Alstoiudine,, colourless needles, molting at 
181° (uncorr.), soluble in chloroform, ether, 
alcohol, and acetone. 

Hesse, however, could not find a trace of 
quinine (Ber. 11, 1546, 1753). 

ALSTONIA SPECTABILIS. PoeUbark. Con¬ 
tains alslonamxne (Hcsdb, Ber. 11, 1548), and 
tho alkaloids of dita bark. It contains six 
times as much eekitammonium hydroxide as 
dita bark (Hesse, Annalen, 203, 144). 

Its physiological action is like that of curare. 

ALSTONINE. One of a series of ill-defined 
alkaloids occurring in Alstonia spp. (Iiesse, 
Annalen, 1880, 203, W7; 205, 360), including 
alstonavtine, alstomdine, ditaine, ditamine, &c. 

ALSTONITE. A rare mineral consisting oi 
barium and calcium carbonate (Ba,Ca)G0 3 , 
crystallising in the orthorhozubio system. Tht. 
smali crystals have tho form of acute six-sided 
pyramids, and consist of complex twin inter- 
growths. Found, associated with withorite, in 
1834 in a lead- and zinc-mine near Alston in 
Cumberland, and at Fallowfieid in Northumber¬ 
land ; and in 1909 in a coal-mine near Durham. 
This species is often, but inoorreetly, oallet; 
bromide (cf. Bakytocaloith). L. J. S- 

AATHEIN. See Anthocyanins. The tern 

Altlian is used also as syn. for Asparagin. 

ALTI. Indian name for a root used at Goi 
as a substitute for Althaa (Dymock, Pharm. J 

raj 8, ioi>. , . . 

ALUDEL. The aludels of tho earlier chemist 
were pear-shaped pots generally made of earthen 
ware, b t sometimes of glass, open at both ends 
Each aludel had a short neck at the top ant 
bottom, so that a sefies of them could bo fitta 
together by means of.the necks. Tho earthen 
ware pear-shaped vessels in which the mercurh 
vapours a$p condensed at Alm&den in Spam^f 
also known. as aludels. 
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ALUM v. Aluminium . 

ALUMINATES v. Aluminium. 

ALUMINIUM. Sym. Al. At. wt. 271. 

Occurrence. —Aluminium is the moat widely 
distributed element in nature with the exception 
of oxygen and silicon. It is not found in the 
metallic state. 0 

As oxido, A1 2 0 3 , aluminium is found in co¬ 
rundum, or, coloured by metallic oxides, in 
sapphire, ruby, emery , &c. The hydrated 
oxide A1 2 0 3 ,H 8 0 occurs as diaspore, and, to¬ 
gether with ferric oxide, silica, &c., as the 
important mineral bauxite. 

Aluminium occurs in combination with 
oxygen and \netals as aluminales, in spinel 
Al 2 0 8 , Mg0, chrysobcryl Al 2 0 3 Be0, gahnile 
Al a 0 3 *ZnO. As hydrated sulphate it, is found in 
aluminite or webstcritc Al 2 6' 3 S0 3 ,t)H 2 0, and as 
alunogen A1 2 0 3 (N() 3 ) 3 ,18H 8 0; as the double 
sulphate of aluminium, potassium, and sodium 
in alumstonc or alunite ; and, as an efflorescence 
on aluminous minerals in the form of the alums 
of potassium, sodium, ammonium, &c. 

Aluminium occurs principally, however, as 
silicate in the various clays ; as silicate contain¬ 
ing silicon fluoride in the topaz ; and, as double 
silicate, with iron, magnesia, lirno, &c., in j 
garnets ; with potassium, sodium, magnesium, j 
and calcium in immense quantities in the 
varieties of fehpar. 

As doublo fluoride of aluminium and sodium 
it is found in cryolite Al 2 F 6 *6NaF; as hydrated 
phosphate in tho turquoise and in waveliite, and 
as borate in a crystalline mineral occurring in 
Siberia. 

Although present in such quantities in the 
soil, aluminium is not usually considered 
constituent of the ash of plants except of cryp¬ 
togams ; Yoshida, hotfever (Chem. Soc. Trans. 
1887, 748has found it in a number of phanero¬ 
gams in Japan. 

History. —The name of this metal is derived 
from alumen, a term applied by the Homans to 
all bodies of an astringent taste. Pott, in 174<i, 
stated that the basis of alum is an argillaceous 
earth ; and in 1754 Marggraf pointed out tho 
distinction betwoen alumina and lime, and its 
presence in combination witli silica in clay. 

Davy, in 1807, having isolated the alkali 
metals by electricity, endeavoured, unsuccess¬ 
fully, to reduce alumina in the same manner. 

Oersted, in 1824, prepared aluminium chloride 
by passing chlorine over a mixture of alumina 
and carbon heated to redness. He appears to 
have reduced the chloride to the metallio condi¬ 
tion by heating with potassium amalgan 
(Berzelius, Jahresb. 1827,[6] 118). Tho amalgam 
produced oxidised rapidly in the air, and left, on 
volatilising the potassium, a tin-white metal. 

Wohler, in 1827 (Annalen, 1828, 3^ 66), 
having failed to procure the metal by Oersted’s 
Inethod, obtained it by the decomposition of the 
anhydrous chloride with potassium, as a grey 
powder, which beoame brilliant under the 
burnisher. 

* Bunsen and Deville, in 1854, independently, I 
obtained the metal by eleotrolysis of the fused 
chloride. Deville, in the Same year, much sim- 
pulted the manufacture by substituting sodium 
lor the more expensive potassium. In 1854 
h|»Vf»6 installed in the manufactory of Javel 
by the Emperor Napoleon III., and supplied 


with the necessary apparatus for experiments 
on the large scale. Afterwards his prooess was 
removed to Nanterre and finally to Salindres. 
A description of his method is givon in Ann. 
Chem. Phys. [3] 43, 5-36, and specimens of the 
metal produced wore shown at the Paris Exhibi¬ 
tion of 1855. 

Shortly after the publication of these results, 
Messrs. Dick and Smith, under tho direction of 
Dr. Percy, prepared aluminium by the action of 
sodium on tho then newly discovered mineral 
cryolite, some of tho product being shown by 
Faraday at the Royal Institution in March, 1855 
(PhU. Mag. 10, 365). 

About six months subsequently, Rose, inde¬ 
pendently, prepared it in the same manner, and 
published his results in an extended article in 
P. 96, 152 (Phil. Mag. 10, 233). 

Deville af once turned his attention to this 
process (Ann. Chim. Pliys. [3] 46, 451); but on 
account of tho impurity of the motal produced, 
he preferred the double chloride of aluminium 
and sodium, using cryolite as a flux only. 

The first manufactory in England wa3 started 
at Battersea, London, in 1859, by F. W. Gerhard. 
Some of his metal was shown at the Society of 
Arts Exhibition in I860. Messrs. Bell, of New-, 
castle, also prepared aluminium and aluminium 
bronze in 1803, using Netto’s process. A mixture 
of 200 lbs.Mif cryolitb and an equal weight of 
common salt was brought to fusion, and 40 lbs. 
of sodium gradually added. The charge thus 
contained only 5 p.c. of aluminium, but less than 
half of this was obtained in the yield. 

The manufacture ceased in 1874. In 
Grabau’s process (J. Soc. Chem. Iml. 1891, 
433) aluminium fluoride was subjected to tho 
action of metallic sodium. Other modifica¬ 
tions were proposed from time to time, but 
the production of aluminium made no notable 
advance. Weldon, in 1883, summed up the 
position of the industry in tho statement that 
‘ tho only method known for the manufacture 
of aluminium is Devillc’s. M. Pechiney has 
improved and cheapened the modes of working, 
ana tho appliances for carrying that method into 
effect, but this is all the progress which has been 
made in the manufacture of aluminium during 
the last five and twenty years.’ 

When the great stability of the available 
compounds containing aluminium is considered, 
it is not to be wondered at that the many attempts 
that have been made to prepare the metal by the 
action of the usual reducing agents, suoh as 
carbon, hydrogen, or hydrooarbons, have met 
with so little success. The heat of formation 
of these compounds is an index to their stability, 
and may be taken as a» measure of the energy 
requisite for the isolation of the aluminium. 
The operation is not likely to succeed unless 
the elements which become separated from the 
aluminium ontcr into new combinations of still 
greater stability. The nature of the ohanges 
that might be expected to take place may be 
expressed in the following equations 
2A1 2 0 3 + 3C *= 4A1 + 3CO. 

or A1 2 0 3 -j- 30 « 2A1 + 3CO 

A1 2 0 8 + 6H » 2A1 + 3H 2 0 

A1 2 0 3 + 6Na =» 2A1 + 3Na s O 

AljCl, + 6H a 2A1 + 6HC1 

Al 2 Cl 8 + 6Na * 2AlH-6Nad 
AljF, + 6Na « 2A1 -f 6N&F. 
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In order that there may be a likelihood of 
these reactions occurring, the heat arising from 
the formation of thl compounds on the right 
hand should exceed the heat conoernod in the 
decomposition of the aluminium compounds on 
the left. The following table will show how far 
this is the case:— 



Calories 


For amount 
equivalent 
to 2A1 

Al.O, 

391,600 

• 

ICO, 

300 

3H,0 

3Na,0 

145,500 

80,400 

174,000 

302,700 

AljCI, 

323,000 

BHC1 

ONaCl 

132,000 

587,400 

A1 2 F, 

558,000 

CNaP 

604,200 

% 


It will be seen that only the last two reactions 
will be at all likely to take place, and these heat 
values indicate that sodium is a much more 
favourable reagent than carbon or hydrogen, 
and that the highest excess of heat evolved over 
that absorbed occurs in the case of the aluminium 
chloride in presence of sodium. 

The following analyses, taken from Hoff¬ 
mann’s Ber. Entwiek. Chem. Ind. (1) 603, show 
the composition of commercial aluminium as 
produoed under Deville’s^irocess 


Moisaan has shown (Corapt. rend. 121, 861) 
that it contained also from 0'1 to 0*6 p.c. of 
sodium; 0 3 to 0*4 p.c. of carbon ana other 
impurities. These impurities would have a very 
considerable effect on tho properties of the metal, 
and statements based on observations with 
such metal, or even metal *now being made, 
must be accepted with due regard to these 
impurities. 

The production even in 1885 was small and 
did not exceed 21 tons at Salindres and 2£ cwt. 
in the United States. 

According to Mallet, pure aluminium may 
be prepared by tho metncftl adopted by him 
in ins determination of tho atoqjio weight of 
that element (Phil. Trans. 171,1018). Ordinary 
commercial aluminium is converted into bromide 
by the direct actioq of bromine. On aocount 
of the violence of tho action, the metal should 
bo immersed only for a short time, at intervals, 
until dissolved, or should be added in very 
small pieces. The bromide so produced is freed 
from bromine by distillation and fractionally 
distilled, that portion boiling uniformly at 
263-3° being reserved. This portion is oolour- 
less, entirely solublo in water, and consists of 
the pure bromide. 

It is heated with sodium (which has been 
carefully freed from oil and well scraped) in a 
crucible made of a mixture of pure alumina and 
sodium aluminate. The amount of sodium 



1 

2 

8 

4 

6 

8 

7 

8 

8 

10 

Locality 

Paris 

Paris 

Berlin 

Paris 

Paris 

Paris 

Bonn 

Nanterre (Morin) j 

Analyst 

Salv6tat 

Salv6tat 

Mullet 

- 

Dumas 

Dumas 

1 

W 

Kraut 

Kraut 

Sauerwein 

Aluminium . 

88-35 

92-97 

90-25 

92-00 

92-5 

90-10 

94-7 

_ 

_ 

97-2 

Silicon . 

2-87 

2-15 

0-45 

0-45 

0-7 

0-47 

3-7 

*0-04 

012 

0-25 

iron 

2-40 

4-88 

3-29 

7-55 

0-8 

3-37 

1*6 

1-02 

2-20*1 

2-40 

SET: : 

6-38 

trace 

— 

— 

— 

z 

_ 




traoo 

Sodium . 

— 

trace 

trace 
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used should not be sufficient to reduce the 
whole of the bromide, or the aluminium is 
liable to contain sodium. The globules of 
metal are fused together before tho blowpipe 
on a bed of alumina, immersed for a short time 
in hydrochloric acid, washed and dried. Pure 
aluminium might also be produced by the elec¬ 
trolysis of the pure bromide or chloride. 

The purification from metallic impurities on 
the large soalc involves many difficulties. The 
only method of obtaining satisfactory metal is 
to ensure as high a state of purity as possible 
in the first instance by # making use of selected 
materials and avoiding contamination in the 
process of manufacture. 

By the establishment of Ueville’s process 
the price of aluminium had been brought down 
from 181. per lb. to II., at which it stood till 
1887. 

The double ohloride of sodium and aluminium 
used oontained only 14 p.c. of aluminium, and 
the working of large charges with a small yield 
together with the high cost of sodium and fuel 
stood in the way of any prospect of reduction 
in the price of the metal. 

The introduction of Castner’s process, by 
which Bodium could be produced muoh more 


cheaply, led to the establishment of the Alu¬ 
minium Company’s works at Oldbury, and 
effected some reduction in the price of alu¬ 
minium. Meanwhile Messrs. Cowles (Patents 
Aug. 18, 1885, and Jan. 26, 1886) brought 
eleotrical heating into operation, and, though 
their prooess was not adapted to the production 
of aluminium, it was capable of furnishing alloys 
of aluminium with copper and other metals. 
These could be made at one-tenth the price 
which had ruled for aluminium, and the valuable 
properties of aluminium bronze, Hercules metal, 
ana other alloys were soon recognised. More¬ 
over, the discovery of the effect of the addition 
of minute amounts of aluminium to iron and 
steel gave a further stimulus to the production 
of aluminium. C. W. Siemens had already 
described an electric furnace (1881) capable of 
giving very high temperatures, and the typo of 
furnace patented by Messrs Cowles Bros, was 
based on similar lines. 

The furnace is a rectangular box, one foot 
wide, five feet long, aid fifteen inches deep, all 
inside measures. Two carbon electrodes pass 
tlirough pif>os in the ends; they are three inches 
in diameter and thirty inches long; this size 
could not 6b exceeded, as larger carbons dlS* 
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integrated under the intense heat. For a non- 
conducting furnace lining, fine particles of 
charcoal are washed in lime-water, exposed to 
the air and dried. They thus become coated 
with lime and are of good insulating power. 
At the high temperature produced, ordinary 
charcoal becomes converted into graphite and 
forms a good conductor. The two electrodes 
being within a few inches of one another, the 
charge of twenty-five parts of corundum, twelve 
parts of carbon, and fifty parts of granulated 
copper is placed around and between them, 
covered with small lumps of charcoal, and the 
whole covered with fcn iron top lined with fire¬ 
brick. The current from a powerful dynamo is 
then passed, and the electrodes moved if 
necessary to produce the requisite resistance. 
In about ton minutes, the copper having melted 
between the electrodes, the distance between 
them is increased while the current is raised to 
300 amperes of fifty volts E.M.F. and the 
yield 1 lb. per E.P.H. hour. As the resistance is 
increased, the temperature rises, the alumina 1 
is reduced to the metallic condition and 
alloys with the copper, while its oxygen forms 
carbon monoxide and burns at the openings 
in the cover with a white llamA After 

about five hours the operation is completed 
The alloy produced is brittle, consisting of 
copper and 15 p.c. or upwards of aluminium. 
When boron or silicon oxides have been added, 
the bronzes produced contain these elements. 
It is melted, cast into ingots, the percentage of 
aluminium determined, and sufficient copper 
added to produce * aluminium bronze,* or the 
required alloy. 

When other metals, such as iron, nickel, 
silver, &c., are substituted for copper, corre¬ 
sponding alloys are produced. 

The slag produced is hard and compact, but 
soon falls to a fine alkaline powder; it contains 
alumina, calcium aluminate, with traces of 
copper, silicon, &c. j 

Pure aluminium cannot be produced satis- I 
factorily by this method, as it remains, to a great ; 
extent, mingled with the carbon. 

See further, W. P. Thompson (J. Soc. Chcm. j 
Ind. 1886, 206); Mabery (Amer. <J. Sci. 308, ! 
and Amer. Chem. «T. 1887, 11). 

The Electrical Process .—A new principle was, 
however, introduced into metallurgy, and the 
application of electricity for purposes of heating 
ana reduction of metals has made rapid pro¬ 
wess in recent years. Its full development 
hM^not, however, been reached in the pro¬ 
cess just described. It had been shown that, 
though the fusion of a substance like alumina 
could not 'be economically effected owing to its 
high resistance, the addition of copper and other 
metals enabled the furnace charge to conduct 
the ourront. If a suitable solvent could be , 
found for alumina then the electrolytio action 
of the current could be brought into play. , 
When this was accomplished " the chemical 
method of decomposition would give place to I 
the electrolytic method, and the isolation of 
aluminium become a question of a sufficient 
current at the necessary vwltage. This voltage 
can yeadily be calculated from the heat of forma- 
tion of the compound in question b/ dividing 
the number of calories per equivalent by 23,250. 
Wo thus obtain for alumina 2-81* volts, for 


aluminium chloride 2*32 volte, for aluminium 
fluoride 4’00 volts, for aluminium sulphide 0*8 
volt. r 

A suitable solvent is found in native cryolite 
3NaF*AlF s , which may be brought to fusion 
below 1000°, and will dissolve 15 to 20 p.c. of 
its weight of alumina, and in this condition, 
also owing to high temperature, the voltage is 
lower—in the case of alumina about 2*3 volts. 

In the year 1886 the Heroult process was 
patented and soon came into use at Neuhausen. 
and at the Socidte' Electrom^tallurgique at 
Froges, near Grenoble. In this process the 
anodes consisted of carbon and the cathode 
was the carbon lining of the fumaeo, the distance 
between the anode and cathode being capable 
of adjustment by raising or lowering the anode. 
The cryolite was first melted in the bath by 
utilising thejieat generated by the resistance 
to the electric current, and then alumina was 
added, and the additions continued from time 
to time as the bath became exhausted. The 
metallic aluminium settled at the bottom of the 
bath in tho neighbourhood of the cathode, and 
was tapped every 24 hours. 

The purity of the metal at first was 97-90 
p.c. There were at disposal 360 kilowatts at 
Froges, and just over 1000 kilowatts at Neu¬ 
hausen (J. Soc. Chcm. Ind. 1892, 910); the 
yield usual^v obtained was about 1£ lbs. of 
aluminium per kilowatt-day, an efficiency of less 
than 25 p.c. To-day 35 p.c. efficiency is 
reached. 

The Hall process, brought out in the United 
States about the same time, only differed from 
HerouJt’s in matters of detail, the anodes being 
rods of carbon 3 inches in diameter, or of larger 
dimensions in sections banded together, the 
electrolyte being alumina dissolved in mixed 
fluorides of calcium and aluminium or AlF a *NaF. 

Minot (Compt. rend. 112, 231) used a bath 
composed of 62-5 p.c. of common salt and 37-5 
p.c. of cryolite, but his metal seems to have 
contained 2 to 3 p.c. of impurity, which was 
chiefly silicon, owing largely to the impurity of 
the alumina used by him. Aluminium so pre¬ 
pared was liable to contain sodium, owing to 
tho fact that the voltage necessary for the 
decomposition of aluminium fluoride differed so 
little from that required to decompose sodium 
fluoride—viz. 4-7 as against 4. 

There was added to the bath as the operation 
proceeded, a mixture of hydrated alumina, cry¬ 
olite, and alumina dissolved in cryolito. 

Kleiner invented a furnace for the decomposi¬ 
tion of cryolite, and carried on the production 
of aluminium at Tyldesley in Lancashire ; a 
plant was also operated on the lines of the 
Heroult system at Patrftroft near Manchester. 

In this case the dynamos were run by steam 
power, $nd it soon became manifest that this 
could not compete with advantageous supplies 
of water power which began to do oallea into 
requisition wherever such power was available. 

Mention should also be made of the method of 
Bueherer, D. R. P. 63995 (1892), who prepared 
aluminium by electrolysing the double sulphide 
of aluminium and an alkali ‘or alkaline earth, 
the chief obstacle to sucoess being the expense 
and difficulty attending the production or the 
sulphide. 

It soon became evident that the Hall and 
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H6roult process must hold the field, and that I 
coal ooula not oompete with cheap water power 1 
in this industry, and rapid expansions of the; 
industry were made. The price had by 1891 1 
been brought down to one-fifth of that which 
had ruled under Deville’s process, and the I 
production had increased to over 300 tons per, 
annum. The accompanying statement is the 
cost of production at this period, as given by | 
A. E. Hunt (Eng. and Mining Joum. 1891, 280). 
For 1 lb. of aluminium there was requisite 
2 lbs. alumina costing G cents 

1 lb. carbon electrode „ 2 „ 

Chemicals, pots, &c. „ 1 „ 

22 E.TT.P »ne hour „ 5 „ 

Labour, interest, repairs „ 5 „ 

making 19 cents in all. 

The following firms were at this period 
manufacturing either aluminium orjits alloys 
In England— 

Cowles Syndicate (Cowles process). 

Reduction Syndicate (Hall process). 

In the United States— 

Pittsburg Reduction Company. 

Cowles Electric Smelting Company. 

United States Aluminium Metal Co. 

On the Continent— 

Soci6t6 Electrometallurgique at Froges. 

* Aluminium Industrie Actien-Gesellschaft 
at Neuhausen. # 

Further progress was mainly in tfle direction 
of increasing the yield and bringing down the 
cost of production whilst perfecting the various 
details of the process so that a purer product 
could be made. j 

Weshallnowdescribethofurtherdevelopment j 
of the industry and the manufacture as it stands ; 
to-day after over 20 years of experience ; and in : 
doing so it will be well to consider in greater 
detail (a) the production of alumina, ( b) the 
making of the carbon electrodes, (c) the nature 
and arrangement of plant, including the reduc¬ 
tion furnaces. i 

Development of the. Aluminium Imh'ihi; - 
The first factory established on electrical lines J 
was that started in 1888, at New Kensington, 
by the Pittsburg Company, which is now known 
as the Aluminium Company of America, and 
oonduots operations at the Niagara Falls, the 
Shawinigan Falls, and at Massena. 

Amongst the pioneers of the industry wore 
also (1) Aluminium Industrie Aktien-Gosellschaft, 
who control works at Neuhausen, Rheinfelden, 
and I .end Gastein; (2) the British Aluminium 
Company, with reduction works operating in 
1890 at Foyers and now at Kinlochleven (Argyll¬ 
shire), and branch works at Lame, Burntisland, 
Warrington and Milton (Staffordshire),—this 
company is also associated with reduction works 
at Stangfiord and Vigelands Brug (Norway), 
and projected works at Orsicres (Switzerland); 
(3) Sooi6t£ Electrometallurgique Franqaise at 
Froges, La Praz, and St. Michael, and the 
Cie. des Produits Chimiques d’Alais et de la 
Carmargue. 

There were formerly works on a smaller 
scale under the Aluminium Corporation at 
Wallsend, now in operation at Dolgarrog (N. 
Wales), and developments in Italy at Bussi. 
The cost of production of the metal to-day is 
said to be 6if. per ton as a minimum, though at 
most works it would reach 801. (Mining World, 


June 26, 1909). For the past five years oosts 
have been muoh higher. 

The market price of aluminium ingots in 
1902-4 was 120/. per ton, but it roso to 2001. in 
1906, and has since then fallen to 651. (1909), 
though it is now again advancing. Since 1902 
no trustworthy record haa been made of the 
world’s output of aluminium. It remained, 
however, fairly stationary in the neighbourhood 
of 8000 tons from 1900 to 1905 inclusive, and 
since then has grown steadily, and may be 
estimated for 1909 at 30,000 tons. In the 
United States Geological Survey publications 
(Metallic Products) for 1908 there may be found 
the estimated consumption of metal in the United 
States, from which it appears that in 1907 this 
amounted to nearly 7700 Ions, and in 1908 to 
nearly 6000 tons. # 

The following is a statement of the produc¬ 
tion of aluminium in metric tons from 1889 to 
1913, (a) in the United States and Canada, (6) 
total output:— 


1889 

1890 

1891 

1892 

1893 

1894 

1895 
189G 

1897 

1898 

1899 

1910 

1911 

1912 

1913 


a 

22 . 
28 . 
08 . 
118 . 
154 . 
250 . 
417 . 
591 . 
1814 . 
2359 
2948 
17400 
20500 
29200 
32300 


h 

93 

193 

302 

605 

870 

1491 

1835 

2250 

5220 

G8G0 

8950 

43800 

45000 

63000 

G8000 


During the period of the war, 1914 to 1918, 
the data available, are incomplete and hardly to 
be depended upon. Considerably increased 
outputs arc, however, recorded. In 1917 there 
appear to have been about 79,500 tons manu* 
tactured in the United States and Canada with 
168,000 tons as total output. France in that 
year produced about 20,500 tons; Germany, who 
in 1913 produced only 800 tons, put down 
during the war large instalments of plant 
snflicing for 40,000 tons; the British production 
was 13,000 tons and that of the other European 
countries 15,000 tons. Switzerland is stated to 
have exported nearly 10,000 tons per annum 
into Germany. Norway made large extensions 
m reduction works which did not become 
effective owing to lack of raw materials. In 
other directions her efforts in electrochemical 
developments have been such as to command 
125,000 kilowatts in 1917 as compared with 
9000 kilowatts in 1904. 

The Production of Alumina—The raw 
material from which the alumina is usually 
made is bauxite, deposits of which occur at 
Beaux and in the Var (S. France), at Feistritz 
(Austria), Wochein (Styria), Irish Hill (Ireland), 
Georgia, Arkansas, Alabama, Tennessee (United 
States), British Guiana, and in New South 
Wales. The physical condition of the bauxite 
varies considerably, so that some kinds are 
more readMy acted upon for the production of 
alumina than others. Jn the aluminium industnr 
a low content of iron and silica iB desireefc* 
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especially the latter; it is therefore usually j manufacture of sulphate of alumina. The 
found advantageous to employ the red bauxites, following table gives the composition of typical 
the white bauxites being used preferably in the I samples :— • 


Locality . 

Beaux 

Var 

Wochein 

Feistritx 

Irish 

Georgia 



*4 

Red 

White 

Dark 

coloured 

Light 

coloured 

ReddiBh 

brown 

Yellow 

White 

Raw 


A1,0 S . 

60 

75 

50-62 

65-74 

6316 

72-87 

44-4 

54-1 

64-6 

35-0 

60-5 

Fe.O, . 

25 

12 

24-28 

0-3-3 

23-55 

13-49 

30-3 

10-4 

2-0 

38-0 

1-9 

SiO, . 

S 

i 

1-7 

12-18 

4-15 

4-25 

15-0 

120 

7-5 

3-5 

3-3 

h,o . 

12 


12-13 

14 

8-34 

8-50 

9-7 

21-9 

24-7 

21-5 

321 

TiO, . 

— 


01-4 

— 

trace 

trace 

— 

— 

— 

.2-0 

2-2 


The following analyses by Loop. Mayer ami 0. Wagner (Dingl. poly. J. 248, 213) show that 
the appearance of bauxite cannot be relied on as a criterion of its value. The origin of the 
samples is not given :— * 



Appearance 

Hygroscopic 

moisture 

Combined 

water 


FtzOj 

SiO-j 

Mu0 2 

CaO 

MgO 

P,0 6 

1 

Pure white 

2-33 

13-86 

29-80 

3-67 

44-70 


2-75 

0-84 

1-47 

2 

Yellow . 

103 

27-85 

43-22 

14-39 

10-43 

— 

1*61 

— 

1-13 

3 


1-30 

27-70 

50-38 

11-68 

8-34 

trace 

trace 

trace 

0-61 

4 

Red 

1 34 

23-12 

33-80 

25-69 

12-41 

2-42 

trace 

— 

0-53 

5 


1-31 

23-81 

46-18 

22-05 

4-82 

— 

0-89 

— 

0-66 

6 


0-95 

20-83 

62-10 

fill 

5-06 

201 

3-20 

trace 

trace 

7 

*» • • 

1-17 

4-75 

21-80 

3-76 

60-10 

-»■ 

6-06 

2-49 

trace 


The amount of bauxite mined in 1907 was 1 
200,000 tons, three-fifths of which was produced 
in France. In 1913 the production was 533,000 
tons distributed os follows: United States 210,000, 
France 309,000, (Ireat Britain 6000, other 
countries 8000. During the period 1914-1918 
no reliable returns are Available, but it is certain 
that the emtput was much larger. That for the 
United States alone was 569,400 tons in 1917, 
and British production 15,000 tons. Now de¬ 
posits were opened up in Dalmatia and Hungary, 
the latter country contributing 69,000 tons in 
1915. Increased production of aluminium and 
aluminium salts account for 457,000 tons. The 
more recent applications of bauxite to the pro¬ 
duction of alundum, abrasives and refractory 
materials for bricks and furnace linings took up 
112,400 tong. 

* For tho manufacture of the purest form of 
alumina the bauxite is first roughly powdered 
and calcined to get rid of water and any organic 
matters. It is then more finely ground and 
introduced gradually with agitation into kiers 
containing caustic soda solution of 1’45 sp.gr. 
The kiers. are now closed and the charge heated 
for some hours under high-pressure steam— 
about 70-80 lbs. The contents of the kiers 
are then transferred to the filter preset, and 
the filtrate further cleared through wood pulp 
in lead-lined vats. The liquor contain? sodium 
aluminate NaA10 a , which may be decomposed 
by passing carbon dioxide into it, but it is now 
more usual to adopt the Bayer method of pre¬ 
cipitating the alumina. This method depends 
on the fact that the addition of alumina effects 
the decomposition of the^aluminate and throws 
doyn some 70 p.c. of the alumina.^ The dis¬ 
solved liquor now contains alumina and soda 
jjp the proportion Al a 0 8 : Na,0 1: 0. The 


precipitated hydrate of alumina is allowed to 
settle, and Ihe liquor with its undecomposed 
portion is run off into weak-liquor tankB. The 
hydrate is filter-pressed, sufficent being left in 
the vat to serve as precipitant for the next 
charge. The weak liquor may, after concentra¬ 
tion, be used over again for reacting upon a 
further amount of bauxite. 

The press cake containing the impurities 
removed m the treatment of bauxite con¬ 
stitutes usually over 30 p.c. of the bauxite, 
whether the wet process of extraction or the 
dry fusion process with sodium carbonate be 
used. In the latter case, the residue has been 
successfully applied in tho removal of sul¬ 
phuretted hydrogen from coal—or from exit 
gases of other products. The residue from the 
wet process is, however, inactive in this respect, 
but may bo transformed into a condition in 
which it is very effective. 

The hydrate of alumina so obtained ought to 
contain less than 0’5 p.c. of mineral impurity, 
iron and silicon being the more objectionable 
impurities. To bring it into a suitable physical 
condition for use in the reduction furnaces it 
must be calcined at 1100°-1200°, so that it 
shows no tendency to give up moisture when 
used in the furnaoe or to absorb moisture when 
exposet to air. 

The alumina of to-day is superior to that of 
twenty years ago, and the cost of production 
j less than one-half. It constitutes, however, 
about one-fifth of the whole cost of manufacture 
of aluminium, and many processes have been 
j brought forward with a view to improve or 
cheapen the product. Of these may be men¬ 
tioned tho patents of Peniakoff {Eng. Pat. 
Nov. 19, 1895, Mar. 18 and May 13, 1896, Ac.). 
Endeavours have been made to obtain alumina 
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of sufficient purity from bauxite, clay, felspar, 
or kaolin by electrically heating them with iron 
(or its oxide), carbon and cryolite, thus sepa¬ 
rating ferrosilicon from alumina ; Moldenhauer 
(J. Soo. Chem. Ind. 1909, 148), binding-Larsen 
(ibid. 1908, 409), Tone (Elecfcrochem. and 
Metallurg. Ind. 1909, 35), Hall (J. Soc. Chem. 
Ind. 1902, 49). Recently Sorpek has proposed 
to prepare alumina by forming the carbide and 
aoting upon this with producer gas consisting 
of 77 p.c. nitrogen, 23 p.c. carbon monoxide, 
and a little carbon dioxide. He claims that a 
tolerably pure nitride of aluminium is formed, 
and this decomposed by steam yields alumina 
and ammonia (Journal du Four Elcctriquo, 
315, 1; J. Soc. Chem. Ind. 1911, 26; Fr. rat. 
405712 and 418059). Many other patents have 
been taken out with tho object of producing 
alumina or nitride with the use of clay or other 
crude materials in place of tho purified alumina, 
or as means of procuring alumina. Amongst 
these may be mentioned Cowles’ process (Journal 
du Four Electriquc, 1913, 176), Child’s process 
(Met. and Chem. Eng. 1913, 231), Peacock’s 
proposal to uso felspar (l.c.), the Badische 
patent (Chem. Trade Journ. April, 1911), as 
well as methods of extraction from alumto with 
the recover}' of alkaline salts (Waggaman and 
Cullen, J. Soc. Chem. fnd. 1916, 1217), and 
Hershmann (U.S. Pat. 1915 and 1916).* Serpek’s 
process has also undeigone considerable develop¬ 
ments in operations on the large scalo at St. 
Jean de Maurienne. See also J. Hoc. Chem. Ind. 
1913, 509 ; Met. and Chem. Eng. 1913, 137. 

The Making of Carton Electrodes. —Bitumi¬ 
nous coal, anthracite, retort carbon, natural or 
artificial graphites, soot and oil-coko aro all 
materials which have from time to time been 
used in the production of carbon electrodes. In 
deciding which of these materials Should be 
used, account must be taken of: (a) Supply 
and cost of raw material; (b) ash content; 

(c) amount of volatile matter and sulphur; 

(d) conductivity for electricity and heat. It 
must also be understood that electrodes used 
for the production of aluminium differ in 
character from those used for lighting or for 
the production of calcium carbide and many 
other purposes where graphitiaation of the 
carlion is an advantage and the presence of 
mineral matter is quite permissible and oven 
necessary. The graphitisation of amorphous 
carbon, which must contain mineral impurities, 
is indeed effected by exposing it to a high 
temperature under electrical heating. 

ft is said that at the temperature employed 
the iron volatilises. Be this as it may, the ash 
of such carbon contains tf considerable amount 
of oxide of iron. Aluminium, boron, silicon, 
and other elements which form carbides c%n be 
used as graphitising agents, as also to some 
extent the oxides of these elements. 

Graphite or graphitiSed electrodes have at 
1000° C. about 6 times the electrical con¬ 
ductivity of coke blocks and 8 to 10 times the 
thermal conductivity, but it is now recognised 
that these properties, advantageous in some 
respects, are not, however, favourable to the 
effieient working of reduction furnaces. 

It may be taken that, so far as it is capable 
of reduction in the aluminium furnace, the 
mineral ash contained in the carbon alloys 
Vo l . L—T. 


itself with the aluminium, as also the foreign 
matter present in the alumina. The amount of 
alumina used should be about double that of 
the aluminium resulting therefrom, and the 
electrode consumption about one-half of the 
aluminium, so that an esfcto^te may be made 
of the impurity as silicon contained in the 
metal. Assuming the silica in the alumina and 
in the electrode together as 0'4 p.o., in each 
caso, tho amount of silicon in tho metal will be 
very nearly 02 p.o. 

Similar considerations ayply to the iron con¬ 
tent of the metal, though t It is may, by reason 
of operations, much exceed the amount of iron 
contributed by the alumina and electrodes. 

The electrical resistance is in microhms per 
cubic inch of . 

0 ° 1000 “ 

Amorphous carbon (pressed) 1*63 145 
Graphite carbon . . 0 42 0 25 

Electrodes for aluminium . 3 00 2*60 

The resistance per cubic centimetre would be 
254 tunes these valuos. (For further detail, Tho 
Electric Furnace, Stanslield, or the pamphlet 
issued by the Achoson Graphite Co., may be 
consulted ; also Met. and ('hem. Eng. 1915, 23.) 
In addition to low resistance to the electrical 
current, it is desirable that electrodes should be 
of low conductivity for heat, that they should 
bo sufficiently hard and resistant to superficial 
oxidation, of low porosity and of as even 
character as possible throughout their whole 
mass. 

To produce electrodes having these qualities 
tho material (oil coke, pitch coke, and anthracite, 
used separately or mixed) must be carefully 
selected, ground, calcined* and subjected to 
high pressure with the admixture o{» tar or 
other material to act as binder. The blocks 
are baked at a temperature of about 1200° to 
1300 in a kiln, m principle resembling a pottery 
kiln, the surface of the blocks being protected 
from oxidation by being embedded in carbon. 
The permissible current-dfwsity for good elec¬ 
trodes of this type is in the neighbourhood of 
8 amperes per square inch of transverse section. 
For further details and description of Mendheim 
and other kilns suitable for baking the blooku, 
reference may be made to Die Kiinstliohen 
Kohlon, by Julius Zellner. Also to Chem. and 
Met. Engineering, vol. xix. 179, where an 
illustration of a more modern type of kiln 
known as the Meiser Kiln is shown. Various 
types of tunnel furnaces are also in use for this 
purpose (and for baking pottery and brioks). 
The connection of the carbon blocks with the 
anode beam carrying the current may be effected 
by meai* of an iron claw let into the block or a 
copper hanger fitted into it by a screw contact 
or by other devices. 

The Reduction Furnaces .—These consist 
essentially of an iron casing lined with carbon, 
the general character and arrangement of whioh 
is shown in transverse section below. The 
electrodes vary in size and form in different 
works, and are not necessarily arranged in two 
rows as indicated in the figure. Their totaJ 
sectional ais, however, always adapted ta 
the current to bo Used and good electrode# will 
act satisfactory under a current-density of 
about 8 ampereS to the square inch. Jhe lowei 

m 
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part of the carbon body serves as the oathode, 
or a speoial form of cathode is let into the 
oarbon at the base of the furnace. In starting 
a furnace it is usual to introduce first the cryolite, 
which is brought to a state of fusion by electrical, 
beating. Alumin§ m then fed in gradually at the 
surface of tho cryolite, and as it dissolves the 
resistance gradually falls to about 5 or 6 volts, 
and the temperature of the bath will be 
generally 1000°. The electrolytic action brings 
about a flecomposition, which has been usually 
taken to result in the formation of carbon 
monoxide, according to the equation 
A1 2 O s + 3U « 2A1 + 300 
but there is little doubt that primarily carbon 
dioxide is formed, and tho change should be 
expressed as * 

2Al g O, + 30 ^ 4A1 -f 300, 

In the former case the carbon used would 
be two-thirds of the weight of the aluminium 
produced, whilst m the latter it would be one- 
third. In practice the ratio of carbon to alumi 
nium lies between these extremes. 



Thei production of aluminium is discon¬ 
tinuous, for about 2 hours alter the proper j 
oharge of alumina has been added tl^ voltage i 
of the furnace rises rapidly and affords an 
indication that more alumina must be added. 
The aluminium collects at the bottom of tho 
bath of electrolyte, and is tapped off at stated 
periods, either every day or at longer intervals. 
The reduction of alumina by electrolytic methods 
on a laboratory scale is beset with difficulties , I 
an Aooounfc of experiences in this direction is j 
given in papers by Neumann and Olsen (Met. 
and Chem. Engineering, 1910, 185), and Tucker 
(&*(£» 1909, 315). The metal is subsequently 
re-melted and cast into notch bawslabs or blooka. 
The blocks are broken down in* heavy rolls and 


further brought down into sheet. Metal which 
has been subject to mucl^cold work in rolling 
is in a stressed condition. To render it homo¬ 
geneous it is exposed to an annealing process 
at about 400°. The resulting sheet is ultimately 
obtained according to details of treatment in 
soft, medium, or hard condition. Tho metal 
may also be drawn into wire or extruded in large 
masses either in solid sections or in tube. 

Physical Pi o per ties .—Commercial aluminium 
is a metal with the whiteness of tin. It has 
been obtained m crystals resembling octahcdia, 
and is very slightly magnetic. 

Its specific heat is, at 9 


1(H) 3 

0*18fft 

300° 

0-2434 

0° 

0*2098 

500° 

0-2730 

100“ 

0*2230 

050° 

0-3200 


(Schmitz, Proc. Roy. Soc. 72, 177). 

The total heat required to bring a kilogrammo 
of aluminium from 0° to 025° is 239,400 cals., 
and its latent heat of fusion is usually taken 
as SO calorics per gram. Lasehtschenko (J. 
(■hem. Soc. 1913, Abst. 427) found for metal 
of 99 p<\ purity the value 71. It melts at 
(554*5° (Heycock and Neville), 057*3° (Holborn 
and Day), the melting-point being dependent 
(as nr*' other physical properties) on its purity. 
Small amounts of silicon and iron, which are 
always jiftesent, ha^e a considerable effect on 
its behaviour, both physically and in contact 
with reagents. Lorenz found its conductivity 
for heat at O ' 0*3435, at 100° 0*3019; whilst 
Jaegoi and Dres^elhorst for metal containing 
0*5 p.c. iron and 0 4 p.c. copper, found 0*4923 
at 100°. Similarly the electrical conductivity 
of aluminium, taking copper as 100, is as 
follows: 98*5 p.c. purity, 55; 99 p.c., 59; 
99 5 p.c., 01; specific resistance, 2*7-2*8 microhms 
increasing to 3 0 at 100°. 

Its elasticity modulus (».#>. load in kilogrammes 
per square millimetre, divided by its alteration 
in length) is 7402 as compared with 11,350 for 
copper, and the torsion moduli of these metals 
arc 3350 and 4450 respectively. 

The specific gravity of the molten, metal 
is 2 54, and of the cast metal is about 2*00; 
this may be increased by rolling. Its thermal 
expansion is given by the formula. h=l Q \ 1 +22*91 
d 0*009/ a )10-° | (-Jaeger and Srheel). It expands 
on fusion to the extent of 4*8 p.c. (Toepler), 
Tim metal expands in volume from 0°C. to 
melting point 0*1 p.c., after fusion re aches 10*9 
p.c., and at 800° U. 12*4 p.c. In hafdness it 
resembles silver, and the pure metal is softer 
than tho impure. It becomes more elastio and 
also harder by hammering and rolling, and is 
capable of being drawn down to a wire of 
inch in thickness, or rolled into plate or beaten 
into foil to inch thick. It can also be 
! linefy granulated, or prepared in the form of 
powder (Guiliet, .J. Soc. Chem. Ind. 1912, 339), 
| winch is largely employed as ‘ thermite,’ or as 
| aluminium paint. The tensile strength of 
aluminium is 12 to 13 tqps on the square inch, 
but this varies with the temper of the metal 
between (5$ and 15$ tons on the square inch, 
the elongation varying in the inverse manner 
| from 23 p.c. to 1| p.c. 6-mm. wires have a 
| tensile strength of 13 kg./mm.* and 3-mm. wires 
a strength of 17 kg, /mm. 2 . Aluminium has been 
largely" used for overhead electrical transmission 
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And it possesses many advantages (or such 
.purposes owing to ks lightness. Its specific 
gravity being only X of that of copper, and 
conductivity over 60 p.o., it follows that an 
aluminium cable has double the efficiency of a 
copper cable of the same weight as a means of 
conveying current. The tensile strength of 
aluminium is affected, of course, by its form, 
method of casting and mechanical treatment. 
Its ultimate strength in tons per square inch is 
in castings 5 tons, in sheet 8 to 9 tons, and in 
wire from 13 to 29 tons. On annealing its 
strength is reduced about 50 p.c. and its duc¬ 
tility muoh merged, the elongation being 4 to 
8 times greater tiian when it is in the hard-rolled 
form. 

Although corroded in the atmosphere of 
some large towns, it is not more so than other 
metals used for cables, and under ordinary 
circumstances it merely becomes eoated with a 
thin film o! oxide which acts protectively 
(Kershaw, J. Soc. Chem. Ind. 1901, 133 ; E. 
Wilson, J. Soc. Chem. Ind. 1902, 1283; 1903, 
1093). A protective coating for insolation 
purposes can also be produced (Mott-, J. Soc. 
Chem. Ind. 1904, 509; Skinner and Chubb, 
J. Soc. Chem. Ind. 1915, 360; also Eng. Cat. 
9941, April 24, 1911). 

There has been groat difficulty in finding a 
wholly satisfactory solder fof the raetafr, and one 
that shall resist corrosion. Dagger (J. Chem. 
Soc. Ind. 1891, 436) quotes as useful for heavy 
soldering A1 J 2 pts. Cu 8 pts. Zn 80 pts., and for 
light soldering A1 6 pts. Cu 4 pts. Zn 90 pts. 
A satisfactory flux for soldering consists of 
NaCl 30 grams, KC1 45 grams, LiCl 15 grams, 
KF 7 grains, NaHSO, 3 grams (J. du Four 
Fdeotrique, 1914, 868). Joints can, however, be 
made by autogenous welding with an oxyhy- 
drogen or acetylene flame or electrically. Butt 
and other joints may be effected by various 
mechanioal devices with the aid of fusion at 
the surfaces or by a casting of metal around the 
junctions. 

Application* of Aluminium in the Industries. 
—Castings or extrusions of the metal or its 
alloys are used in the construction of railroad 
cars, motor-cars, air-ships, and aeroplanes ; for 
collector bows, field coils, and other details in 
electrical traction, also for various mechanical 
appliances, such as pulleys, &c. Sheet is largely 
employed for spinning, pressing, or stamping 
into forms suitable for cooking vessels, trays, 
drawers, leakers, and similar articles of domestic 
use, or in works operations. Wire and extruded 
metal is employed in the distribution of electrical 
current either by means of solid or stranded 
cable, fof feeder connections or bus-bars. In 
America, on the Continent, and in Canada and 
other Colonies aluminium is used for overhead 
high-tension currents running to over 10(7,000 
volts. In Great Britain its use is confined to 
lower-tension currents either over or under¬ 
ground. 

Granules and Notch^Bar are cast in this form 
for convenient addition to molten steel during 
casting with the object of securing greater 
purity and density of the steel. In the form of 
powder, or as finely granulated metal, aluminium 
‘ finds application in the thermite welding pnxess, 
as paint. And for the manufacture of high explo 
rives, such as ammonal. In consequence of the 


very large number of chemioal produots which 
have practically no action upon aluminium, the 
metal is now being used with advantage in a 
large number of chemical industries. The 
following may be quoted as processes or branch 
industries, in which already wide applications 
in the construction of plant ai*c being found for 
the metal:— 

Manufacture of nitric acid and guncotton, 
&c.; oils, fats, soap, glycerine, organio acid*; 
line chemicals, such as formaldehyde, hydrogen 
peroxide, ether, extracts, essences, and syrups; 
foodstuffs, gelatin, jams, etc. • 

Also in the caiming industry, sugar refining, 
varnish making, brewing, dyeing, rubber, paper, 
lithograph)-, and printing. 

Chemical J* operhes .—Aluminium absorbs 
about its own volume*of hydrogen (Delachanal 
and Dumas, J. Soc. ('hem. Ind. 1909, 368), 
which is, however, expelled on heating or in 
vacu/i. In the course of its production and 
treatment aluminium takes up gases (chiefly 
hydrogen and nitrogen) usually in such quantity 
that their total volume is from 7 to 20 p.c. of 
that of the metal. Good metal tapped from the 
reduction furnaces yields 5 to 10 p.c. of its 
volume of hvdio^cn and about 3 to 4 p.c. of 
nitrogen. After rc melting, tspecially under 
unsuitable conditions, it is found to contain 
moie hydrogen and also carbonic oxide and 
hydiocarbon.s. An ingot of metal, which had 
beon melted and allowed to cool in the furnace 
very slowly, was highly crystalline and found to 
contain of its volume an extraordinary amount, 
viz. 85 p.c. hydiogen, 7‘5 p.c. nitrogen, and 4 
p.c. carbonic oxide and hydrocarbons. It is 
practically unacted upon by oxygen at ordinary 
temperatures, but it finely divided it under¬ 
goes considerable oxidation at 400°, or even, 
though less rapidly, at lower temperatures. If 
sufficiently pure, water has slight action upon it, 
though if sodium is present in the metal a some¬ 
what greater action occurs. This is accentuated 
if copper, brass, or other metals are in contact 
with it. A recent use to ^liich the metal has 
been put is for tho treatment of hard waters, 
which by intimate contact with the metal, are 
said to bo softened and become less liable to 
form incrustation on the shell of the boiler. 
The halogen elements or acids readily act upon 
aluminium, and the chemical activity of the 
metal is such that a large amount of heat is 
generated on combination with these elements. 

The very great affinity which aluminium 
possesses for oxygen has been made use of in 
the application of ‘ thermite ’ as a means of 
reducing oxides. Goldschmidt, D. R. P. 96317 
(1895), has thus used the finely divided metal in 
the production of iron, manganese, chromium, 
nickel, cobalt, titanium, boron, molybdenum, 
tungsten, vanadium, and other metal*. 

Reagents which readily part with the 
halogens, such as SiCl 4 and r0i„ also attack it, 
and carbon or the oxides of carbon at hmh 
temperatures convert it into the carbide, AEC a . 
Mallet (Chem. Soc. Trans. 1876, 349) found that 
molten aluminium is at^ed upon by nitrogen 
with the formation of nitride, indeed it bum* 
vigorously in*an atmosphere of nitrogen. 

If brought into intimate contact with 
mercury in presence of moisture, aluminium is s 
readily converted into the hydroxide, and when 
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exposed to the vapour of mercury with access ; 
of air, it undergoes rapid oxidation. 

Perspiration, being acid, has no apparent 
effect; saliva, on account of its slight alkalinity, 
acts very Blowly. Aluminium tubes have been 
used for insertion^ra the human body where 
much purulent‘matter was present, without 
>tible corrosion. 

uminium when fused with potash or soda 
is unaffected even at a dull red heat, but the 
superficial silicon is removed ; metal so treated 
takes a good ‘ matt.’ 

For burnishing and engraving aluminium, 
the ordinary media are unsuitable. According 
to Mourey and others, an emulsion of equal parts 
of rum and olive oil is most satisfactory. The 
finish of manufactured articles is improved by a 
frosted appearance This is produced by 
plunging the article momentarily into caustic 
alkali, washing well, and immersing in dilute 
nitric acid. 

Action on metallic solutions. —Aluminium, 
especially in the form of foil, has a considerable 
action on many salts in solution. The action of 
sulphates and nitrates iN usually vei v slow. All 
chlorides, except those of the alkalis and alka¬ 
line earths, are readily decomposed, even alu¬ 
minium chloride solution dissolves the metal 
with evolution of hydrogen. Bromides and 
iodides have corresponding effects. The pre¬ 
sence of chlorides in solutions of other salts 
much facilitates their action. 

From a neutral or feebly acid solution of 
silver nitrate, silver is precipitated slowly; from 
an ammoniacal solution of the chloride, silver is 
rapidly precipitated as n crystalline powder. 

From the nitrate 01 sulphate of copper, pre¬ 
cipitation is slow, from the acetate quicker, 
and from the chloride or other salt in presence 
of sodium chloride, rapid and complete. 

Balts of mercury are decomposed with forma- , 
tion of an amalgam Lend and zinc are reudily , 
precipitated (r. also (’ossa, Zeitsch. f. Chem. 
j2] 0, 380 and 443 ; Nicolardot, ,T. Soc. Chem 
Ind. 1912, 438). 

Action of dry salts and oxides .—The action 
of aluminium, when heated with certain salts 
and oxides, is peculiar, and shows, especially at 
high temperatures, the tendency of this metal to 
form aluminates. 

It is not affected by potassium nitrate except, 
above a red heat; it is then rapidly oxidised i 
with formation of potassium alummato. With 
alkaline carbonates combination takes place at 
a red heat with separation of carbon, and with 
alkaline sulphate combination takes place 
suddenly at redness with explosive violence; 
in both cases aluminates are formed. 

When finely divided aluminium,,is mixed 
with oxide of copper, lead, or iron, combination 
takes place at a white heat only, with such vio¬ 
lence as frequently to shatter the crucible. In 
jthe case of lead and copper oxides, aluminates 
are produced, and with iron an alloy of iron and 
aluminium (Tissier). 

When heated with silicates or borates, 
aluminium liberates sjjicon or boron, forming an 
aluminate with the base. Fused silver chloride 
is reduoed to metal; zino is reduoed from its 
tinned chloride, whilst magnesium chloride is 
ftotf affected (Flavitzky, Ber„ (l, 195). The 
vapour of mercurio chloride is seduced with such 


energy by heated aluminium that the metal 
fuses. 

Corrosion of aluminium. —The question of 
corrosion is one which is of the highest import¬ 
ance in the application of metals, but in none 
more so than in the case of aluminium (Bailey, 
,T. Inst. Metals, ix. 79, and xxi., 234). 

This arises not only from the considerable 
extent of the usage of this metal for culinary 
: operations, but also bocanse of its large and 
j extending use in the chemical industries and 
, for constructional work where atmospheric and 
| other agencies are to be reckoned with. 

Speaking generally, with the exception of 
alkalis and Balts with an alkaline reaction, 
solutions containing less than 5 p.o. of the 
reagent have very little action. 

It is also noteworthy that concentrated 
mineral acids or organic acids, and with few 
exceptions the salts of these react very slowly 
with aluminium. The moBt important excep¬ 
tions are hydrochloric acid and the halogen 
acids generally. 

It is essential, however, to add that whilst 
this general statement holds good at ordinary 
temperatures, action is very greatly accelerated 
j by a rise in temperature, and especially when 
the reagent approaches its point of ebullition 
The extent to which aluminium is corroded i 
also largely dependent on its purity, ospeciallv 
whore this is lower t<hnn that of good com- 
j mercial metal, say 99*2 p.o., or, of course (though 
in practice this is frequently overlooked), 
aluminium is in contact with other metals. 
In the notes which follow, some information 
is given as to the corrosive effects of those 
reagents which are already associated with the 
use of aluminium in the industries, and references 
are given to details. 

The numbers stated in parentheses, in respect 
of any of these reagents, express the milligrams 
of metal removed per 100 square centimetres of 
surface for an exposure at ordinary temperatures 
of 24 hours, when the concentration is ap¬ 
proximately 5 p.c., except where otherwise 
stated. 

Acetic acid (0‘6) (Lunge, J. Soc. Chem. 
Ind. 1895, 592; Seligmann and Williams, 
J. Soc. Chem. Ind. 1910, 88, and 1917, 409). 

1 Acetone (Pikes, Zeitsch. angew. Chem. 1914, 
52). 

Alcohol, wines, and spirits (Lunge, l.c .; 
Riidiger and Karpinski, J. Soo. Chem. Ind. 
1913, 41). 

Ammonium hydroxide (reaches maximum 
! with 2 p.c. at 375) (E. K. Davis, Metal. Ind. 1910, 
| 109). 

Barium hydroxide (370 for centinormal 
solutions). 

Beer (SohSnfeld and Himmelfarb, J. Soo. 
Ch4m. Ind. 1912, 789 ; Chapman, l.c. 1912, 87 ; 
Bleisoh, l.c. 1912, 199; Zikes, l.c. 1913, 248; 
Trillat, l.c. 1915, 883). 

Boric acid (0*3) (Lunge, l.c.). 

1 Bromine acts vigorously on aluminium, also 
| chlorine and iodine. 

\ Butyric acid (0*2) (Lunge, l.c.; Seligmann 
and Williams, l.c.). 

Calcium hydroxide (285 for a oentinormal 
solution). 

Citric acid (0*3) (Lunge, l.c.). 

Formic acid (Seligmann and Williams, l.c.). 
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Hydrochloric acid (7). 

Lactic acid (O'S) (Lunge, l.c.). 

Nitric acid (5) (Aeligmann and Williams, 
J. Soo. Chem. Ind. 1916, 666). 

(#) (Carpenter and Edwards, 
9th Report of Alloys Research Committee). 

PoUueium hydroxide (205 for a centinormal 
solution). 

Potassium iodide (1*3). 

Propionic acid .(Seljgtnann and Williams, 
J. Soo. Chem. Ind. 1910, 88). 

Salicylic acid (1*1) (Lunge, l.c.). 

Sodium chloride (2). 

Sea water (13) (Carpenter and Edwards, lr ) 

Sodium hydPoxide (400 for a centinormal 

solution). 

Sodium carbonate (reaches maximum with 
0 5 p.c. at 140). 

Sodium bicarbonate (little or no action). 

Sulphuric acid (7). 

Tartaric acid (0-3) (Lunge,! .c.) 

It should be realised that corrosion measured, 
especially in the cold and over short exposures, 
shows in many cases, a much higher value than 
would be the case for prolonged exposure, owing 
to the formation of a protective coating. This 
applies particularly to weathering, action of 
ammonia, and certain hydrates and salts, and 
more commonly in hot solutions. 

With tho fixed alkalis ^ho activity is pro¬ 
gressive with increased concentration: and also 
in a very rapid degree with hydrochloric acid; 
but with ammonia, sodium carbonate, and with 
sulphuric, nitric, and acetic acid tho activity 
rises to a maximum, and ultimately fails oft 
rapidly, so that with the highest con¬ 
centration the action is slight. Many of the 
results given above have been confirmed by 
the author of this article or are tho results 
of unpublished determinations by him. It 
only remain's to add that the following bodies 
have practically no action on aluminium: 
Acetone; acetylene; benzol; tea and other, 
similar beverages ; borax; chlorides; sulphates 
and nitrates of the alkalis; carbolic acid; 
ether; fats, oils, and fatty acids; formalde- 
hyde ; gallic acid ; gelatin ; glycerine; hydro¬ 
gen peroxidehydrogen sulphide; soap ; 
sulphur; sulphur dioxide ; chlorine. 

Potable waters, if freo from common salt 
and alkalis, have very slight offect.. 

Detection. —Compounds of aluminium, when 
heated, moistened with solution of cobalt 
nitrate, and again strongly heated produce a 
fine sky-blue colour ( Thenurd’a blue, a.v., art 
Cobalt), 

Aluminium compounds are usually colour¬ 
less. Silicates and other compounds insoluble 
in acids require to be fiifely powdered, mixed 
with 4 parts of sodium carbonate or fusion mix- 
ture, and heated strongly in a platinum crucible 
The aluminium, having thus Become converted 
mto sodium aluminate, is dissolved out with 
hydrochlorio acid, evaporated to dryness to 
render any dissolved silica insoluble, and treated 
with dilute hydrochloric acid. The aluminium 
ia then present as chloride. 

Aluminous solutions, on addition of an alkali, 

* white gelatinous precipitate of hydrate,’ 
soluble in excess of the precipitant and in acids. 
Ammonia produces the same precipitate, which 
u omy slightly soluble in excess, and is entirely 


ito 

reprecipitated on boiling off the excess of 
ammonia if sufficient ammonium chloride be 
present, or it may be precipitated by CO,. 

Estimation .—Aluminium is usually preoipi- 
tated as the hydrated oxide AIuOj.SHjO. 

ior tliis purpose the solution, which, in pre¬ 
sence of alkalis or alkaline garths, is mixed 
with excess of ammonium chloride, is treated 
with a slight excess of ammonia, and the solu¬ 
tion boiled until tho free ammonia is expelled. 
Tho hydrate, having thus become totally pre¬ 
cipitated, is filtered, well washed, dfled and 
heated in a platinum crucible, the heat being 
finally raised to bright redness^o constant weight 
over tho blowpipe. Tho weighed residue consists 
of anhydrous oxide, Al,O s , and contains 53 p.c, 
of aluminium - Tho separation from other 
metals is not difficult. Tho heavy metals may 
be precipitated from tlie acid solution by sulphu¬ 
retted hydrogen, leaving the aluminium in solu¬ 
tion, whilst the preoipitation in presence of 
ammonium chloride in excess separates it from 
the alkalis and alkaline earths. From chro¬ 
mium and iron tho separation is Jess simple. 
Chromium may bo separated as follows:—The 
precipitated oxides are dried, mixed with 2 
parts potassium^ nitrate and 4 Bodium carbonate 
and fused in "a platinum crucible. Alkaline 
chromate and aluminate are thus produeod. Tho 
mass is digested with water and a small quan¬ 
tity of potassium chlorate and of hydrochloric 
acid arc then added, and the solution is evapo¬ 
rated to a syrup, with occasional addition of 
otassium chlorate to destroy the excess of 
ydrochlonc acid and prevent its reducing 
action on the chromate. The aluminium in the 
diluted solution is precipitated as above by 
ammonia, leaving tho chromalo in solution. 

For ifi© separation from iron, the precipitated 
hydrated oxides are dissolved in tho minimum 
quantity of hydrochloric acid and treated with 
an excess of pure strong potassium hydroxide 
.solution, boiled for a few minutes, diluted, 
filtered, and well washed. The ferric oxide is 
thus precipitated and separated from the soluble 
alumina. The solution an*t washings are acidi¬ 
fied with hydrochloric acid and precipitated 
by ammonia. On account of its solvent action 
upon glass, the treatment with potash should 
be performed in a porcelain dish, whioh is muck 
loss attacked, or, preferablv, in one of silver. 

Commercial Analysis of Aluminium. —The * 
direct determination of aluminium, constituting 
as it does usually over 99 p.c. of the metal under 
examination, presents many difficulties. It has 
been proposed to. estimate the aluminium by 
ascertaining the volume of hydrogen evolved on 
dissolving it in hydrochloric acid or the amount 
of chloride formed, bat the errors to which such 
a determination is liable arc too great to admit 
of sufficient accuracy ; moreover, the impurities 
usually present givo rise to corrections which 
detract from the simplicity of the method and 
complicate the result. The solution in caustic 
soda is preferable to this, the iron and copper 
remaining as a black residue, but tho silicon, in 
part* at least, reacts with caustio soda, so that 
even in this case the hwlrogen evolved cannot 
be taken as a measure of the alu minium present. 

In these cfrcurastances it is customary to 
determine the impurities and arrive at the 
amount of aluminium by difference. % 
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The impurities generally present in quantity 
re iron, silicon, and sometimes copper. Minute 
mounts of sodium, carbon, and nitrogen are 
Iso contained in the metal, but these should not 
reatly affect the result unless when dealing 
ith 'specially impure metal. Commercially, 
lerefore, iron and silicon alone are usually 
stimated. For the iron, the metal is dis- 
)lved in caustic soda, and this solution on 
udulation with sulphuric acid yields sulphates 
: alumina and iron which redissolve in the acid, 
hilst tKe presence of copper is indicated by the 
jpearance of a black residue. The amount of 
on is finally determined by titration with 
otassium permanganate. For the silicon, the 
let&l is digested with hydrochloric, acid in 
iiesenoe of nitric acid (to avoid volatilisation of 
.ny silicon as chloride) forming a turbid solution 
)winc to the separation of tno silica. This is 
then coiled down with sulphuric acid until white 
fumes of this acid appear. Tho aluminium and 
iron salts are thus converted into sulphate, and 
redissolve on digestion with water, the silica 
being left in suspension. 

After filtration and washing, the silica is 
strongly heated and weighed. Copper may be 
estimated as sulphide, or tho black residue above 
mentioned may be dissolved and the copper 
estimated colorimetrically Tf the amount of 
sodium is to be found, the metal must be dissolved 
in nitric acid, boiling acid of 00 p.c. strength 
being used. The solution is boiled down to 
dryness and exposed to a dull red heat so long 
as red fumes appear. The residue is extracted 
with water, care being taken finally to remove 
all alumina or other metals precipitated by the 
ordinary reagents. Ultimately the sodium salt 
remaining may be converted into sulphate and 
weighed as such. For fuller details a paper by 
Seligmqnn and Willott may be consulted (Journ. 
Inst. Metals, vol. iii. p. 138). 

For general analytical details, the following 
sources of information may be consulted: 
Moissan (Compt. rond. 121, 851); (Jouthifere 
(Analvst, 21, 270); dean (Rev. ('him. Indust. 8, 
5); \Vithov (doum. Inst. Metals, xv. 207). Tho 
better qualities of commercial metal should not 
contain more than 0 5 p.c. of iron and silicon 
together, nor more than 0*05 p.c. of sodium, it 
is, however, very doubtful whether sodium is 
present in the metallic form. 

' ! Alloys. —The addition of quite small quanti¬ 
ties of aluminium to certain metals {c.g. copper 
and iron) has a profound effect in modifying the 
properties of these metals. Likewise the addi¬ 
tion of small quantities of certain metals {c.g. 
Fe, Mn, Si, Ac.) to aluminium effects con¬ 
siderable ohango in the properties of this metal. 
The addition of 0*1 p.c. of aluminium to copper 
brings down its conductivity 23 p«.; the 
addition of zinc, copper, nickel, iron, or man¬ 
ganese to aluminium is accompanied by con¬ 
siderable augmentation of tho tensile strength. 
The alloys of aluminium may be classified into 
broues, casting alloys, and rolling alloys, 
according to their properties. The true bronzes 
consist of copper and aluminium alone, but there 
are many binary (and ternary) alloys which 
oontain metals other than copper and yet suffi¬ 
ciently resemble bronze to be classed along with 
it 'Em bronzes proper chiefly employed are 
gold bronze, containing 3 to 5 p.c.'of aluminium; 


steel bronze, with 8*5 p.c. A1 and some silioon; 
acid bronze, with 10 p.c. Al. The copper 
bronzes, with 90, 92*5, 95 Aid 97*5 p.c. of copper, 
are all good alloys, showing homogeneity and 
freedom from crystallisation. They are of groat 
hardness and high tensile strength. 

Such alloys possess very valuable properties, 
the ultimate stress of the 90 p.c. alloy being 
38 tons to the sq. inch, and they have the 
further valuable property of being practically 
noncorrodible by sea-water; this property is 
also shown very markedly by bronzes containing 
manganese. These bronzes in hardness ana 
tensile strength compare favourably with the 
best steel, and are similarly aff^ted by temper¬ 
ing. The alloys high in aluminium and low in 
copper are also of great commercial value; a 
bronze with 4 p.c. copper by rolling and drawing 
showed a Bteady increase in tensile strength 
from 9*(> tons to 20 tons to the sq. inch. 

A small percentage of manganese increases the 
tensile strength of aluminium without affecting 
its ductility, but large proportions of man¬ 
ganese increase the strength and lessen the 
ductility. 

For further information reference may bo 
mftdo to the eighth report of tho Alloys Research 
Committee of the Inst. Mech. Engineers (Car-, 
penter and Edwards), and to the ninth report 
(Rosenha^i and Lafitsberry), and tenth report 
(Rosenhain and Archbutt), also to The Metal 
Industry, 1909, 18(5 (Hiorns); Schirmeister, 
J. >Soc. Chem. Ind. 1910, 894 ; also J. du Four 
Eloctnque, 1914, 700. The composition of 
other bronzes used industrially is given m the 
following table :— 
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♦ Phosphorised copper. 


The aluminium alloy containing 20-50 p.c. 
of copper or nickel is brittle, as is the alloy with 
35 p.c. of manganese. 

RoU\ tig A Hoys .—Aluminium alloys, containing 
3 to 4 p.c. of copper*or 1*5 to 5 p.c. of nickel, 
roll well, as do many other alloys containing 
copper and zinc, the former in small quantity, 
amounting to from 1 to 3 p.c., and the latter 10 
to 12 p.c., or even more. 

Magnalium consists of aluminium alloyed 
with 2 to 10 p.c. of magnesium. This alloy it 
lighter than aluminium, and in strength and 
workability equal to good brass. Dwahtmin 
is a very important alloy containing 3*5 to 5*5 
p.c. Cu, 0*5 to 0*8 p.c. of Mn, and 0*5 p.c. 1%. 
An account of this alloy is to be found an the 
discussion on Tenth Report of the Alloy* Re- 
search Committee; also Met. Industry, 1WQ, 
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393 and 413; and Met. and Chera. Eng. 1910, 
547. 

Casting alloys ar^also largely used, consisting 
most frequently of aluminium, zinc, and copper 
in varying proportions (Richards, Eng. and 
Mining Journ. 1908, 715). Magnalium admits 
of introduction with advantage of small quanti¬ 
ties of copper and nickel without unduly 
raising its specific gravity. The tensile strength 
and hardness of these alloys are considerable, and 
they are said to be resistant to atmospheric 
corrosion (Barnett, J. Soc. Chem. Ind. 1905, 
832). Taps, tuyeres, and the like are made 
from an alloy composed of aluminium, to which 
12 p.c. Cd, C p.c. Cu, 5 p.c. Sn, 2 p.c. Ni are 
added. Pedestals are also made of aluminium, 
containing 14 p.c. Sb, 1 '2 p.c. Cu, 12 p.c. Sn, 
37 p.c. Zn, and 0-8 p.c. Pb ; copper, with 10 p.c. 
A1 and 1 p.c. Mn, is an excellent hard alloy for 
bearing metal or tool steel; horse-shoes are 
made from a ternary alloy of aluminium con¬ 
taining cither 12 p.c. Cu and 10 p.c. Zn, or 5 p.c. 
Cu and 10 p.c. Sn. Many alloys of aluminium 
resist acid corrosion to a remarkable 
degree, and even if cooking utensils arc made 
from an aluminium copper alloy. Carpenter and 
Edwards have shown that w hen corrosion does 
occur the copper is not dissolved out, and henco 
there is no danger of poisoning in using such 
vessels, since the salts of aluminium have no 
toxic action. * • 

An improvement is effected by the addition 
of aluminium to brass. An alloy containing 
aluminium 25 p.c., copper 70 p.c., and zinc 
27’5 p.c., is said to show nearly double the 
tenacity and considerably moro than doublo 
the elongation of ordinary cast brass. 

The presence of tin in aluminium renders it 
More fusible and brittle. According to Bourbouze 
(Compt. rend. 102, 1317), an alloy of aluminium 
100 and tin 10 is strong, easily worked, may be 
soldered as easily as brass, is whiter and loss 
affected by reagents than aluminium, and is 
very suitable for parts of optical instruments. 
Its sp.gr. is 2'85. The addition of aluminium 
to tin increases its hardness and tenacity. The 
alloys containing 5, 7, and 9 p.c. of aluminium : 
are all easily worked and solderod. A larger 
proportion of aluminium is liable to separate out 
on melting. 

Aluminium combines in all proportions with 
cadmium , forming malleable fusible alloys. 

Small quantities of silver increase the hardness 
and elasticity and lower the melting-point 
without rendering aluminium brittle. The alloy 
containing 4 p.c. silver has been used for the. 
beams of delica to chemical balances. When the 
addition exceeds 5 or 6 p.c. the metal becomes 
brittle; the 50 p.c. alhJy is as hard as bronze, 
but very brittle. ‘ Tiers argent * consists of 1 
part silver and 2 parts aluminium; it is of 
considerable hardness, and is used foi* table¬ 
spoons, &o. The addition of 5 p.c. of aluminium 
to silver renders it as hard as standard silver 
and very permanent. 

The presence of aluminium in golrl consider¬ 
ably alters its pioperties. The addition of 0T8t> 
p.c. of aluminium to pure gold increases the 
tensile strength from 7 tons to 8‘87 tons per 
Square inch, a greater increase than is produced 
by the same amount of any other metal (Roberts- 
Austen, Boy. Soc. Rep. April, 1888; Chem. 


Nows, 1888, r. 57, p. 133). With 1 p.c. alu¬ 
minium the gold has the colour of 4 green gold,’ 
is hard but easy to work; with 5 p.o. aluminium 
it is white and extremely brittle, and with 10 p.c. 
white, brittle, and crystalline. Aluminium con- 
taining 10 p.c. of gold is white and hard. 

Tho malleability of aluminium is not much 
impaired by the addition of $old, silver, or tin, 
but the presence of excessive amounts of iron, 
and especially of silicon, is very injurious. 

The alloys of aluminium and silicon appear 
to form a simple eutojtiferous series, tho silicon 
branch of the curve exhibiting no singularity 
whatever (Fraenkel, Zeitsch. anorg. 1 Chem. 
1908, 58, 154). These results have been con¬ 
firmed by Roberts (Chem. Soc. Trans. 1914, 106, 
1383). That no compound is formed is sup¬ 
ported by the fact that no silicon hydride can 
be detected when the alloys are dissolved in 
acids ; tho silicon, os appears from a microscopic 
study of tho structure of the alloys, crystallises 
in plates arranged in fivo- or six-rayed stars. 

The presence of silicon renders aluminium 
brittle and much less permanent. 

With iron tho alloys are of especial interest. 
The piesenee of a quantity of iron is very 
injurious ; it remleis the aluminium crystalline, 
and raises thq melting-point. The alloy con¬ 
taining 5 p.c. of iron is hard and brittle; with 
8 p.c. the alloy crystallises in needles, and on 
heating separates into a moro liquid alloy con¬ 
taining but little iron and a skeleton very rich 
in that metal. Michel (Annalen, 115, 102) has 
prepared an alloy which crystallises in six-sided 
prisms, corresponding to Al 2 Fe. A beautifully 
crystalline substance having the composition 
Al,Fe is often found in tho neighbourhood of 
the cathode of a reduction furnace. 

The valuable properties imparted to iron and 
steel by the presence of a small quantity of 
aluminium have long been known ; • Faraday 
(Quarterly Journ. Roy. Inst. 1819, 290) found 
from 0-013 to4>-0(>9 p.c. of aluminium in oertam 
samples of Bombay wootz, though it has been 
shown by Henry and others that this metal is 
not always present. About the same time 
S. B. Rogers showed th* presence of aluminium 
in some of tho best quality of pig-iron modo in 
youth Wales, and found that a steel to which 
0‘8 p.c. of aluminium had boen added in the form 
of an alloy with iron, was rendered harder and 
stronger and resembled tho best wootz (Rogers, 
Metallurgy, 1858, 14). A superior steel was 
prepared by Sir Charles Knowles, which was 
stated to owe its value to the use of kaolin and con¬ 
sequent introduction of aluminium into the metal 
in its preparation (Mining Journal, 1859, 118). 

Messrs. Cowles Bros, have exhibited a Sie¬ 
mens-Martin basic steel containing 0‘2 p.o. 
aluminium*, which welds with iron and shows no 
mark at the junction. 

The addition of aluminium to iron or steel 
for the production of ‘ niitis castings ’ has been 
patented by P. Ostberg (Engineering, 1885, 360). 
Iron and steel, especially at temperatures far 
above the melting-point, absorb considerable 
quantities of gas, which impaii-s the value of the 
castings. The addition of 0*05 or 0*1 p.o. of 
aluminium to the fusJti iron or steel lowers the 
melting-pqint, prevents the absorption of gas, 
and considerably increases the fluidity. The 
metal can t&en be easily cast. 
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Nickel and aluminium oombine with incan¬ 
descence when heated together. The presence 
o! under 3 p.c. of nickel lowers the melting-point 
and increases the hardness and elasticity. 

Pure aluminium combines with meroury, 
although not readily, when the metals are 
heated together in an inert gas suqh as carbonic 
anhydride. The tfto metals combine rapidly in 
presence of alkalis. The amalgam may also be 
produced by electrolysis of mercuric nitrate, 
using a negative plate of aluminium dipping in 
mercury. When aluminium is rubbed with 
wash leather impregnated with mercury, com¬ 
bination occurs ; the. surface rapidly oxidises and 
becomes heated, with formation of concre¬ 
tions of alumina (John and Ilinze, Ber. 7, 


1498). , . 

Alloys of bismuth with aluminium are hard 
and brittle. With antimony and lead aluminium 
does not unite, although traces of lead are fre¬ 
quently present in commercial aluminium. ^ 
Sodium unites readily with aluminium. The 
last traces of sodium are difficult to remove, 
especially, it is said, when the metal has been 
reduced from cryolite. The alloys are easily 
attacked by moisture, and burn in the air, with 
oxidation both of the aluminium and sodium ; 
that containing 2 p.c. of sodium decomposes 
water with ease. The necessity of avoiding 
the presence of sodium in the preparation of 
aluminium is therefore obvious. 

Aluminium also unites with manganese ; with 
platinum it unites easily, forming fusible alloys. 
With boron aluminium combines in varying 
proportions. The so-called ‘ adamantino ’ and 
* graphitic ’ boron appear to be borides of alumi¬ 
nium (Hampe, Annalen, 1870, 76; and Deville 
and Wohler, ibid. 1807, 208) {v. Boron). 

Mallet (Chem. Soc. Trans. 1870, ii. 350) has 

E repared a nitride of aluminium in small crystals 
am endugh to scratch glass. It may be 
obtained in colourless hexagonal needles of the 
composition AIN by direct union of its elements 
at 820°. It forms ammonia when fused with 
potassium hydroxide, or by boating with sul¬ 
phuric aoid. Alcohol forms triethylamme at 
230°. Fichter and Spengel (Zcitseh. anorg. 
Chem. 1913, 82, 192). It dissociates in nitrogen 
at fttmospherio pressure at about 1850°. When 
heated in nitrogen at a pressure of 4 3 atmoa. it 
melts at 2150°-2200° (Wolff, Zeitsch. anorg. 
Chem. 1914, 87, 120). . 

For further information, see J. W. Richards, 
Alumini um and its Alloys, London. 

Aluminium oxide, Alumina, A1 2 0 8 . 
Aluminium forms only one oxide, Al 2 O s , cor¬ 
responding to and isomorphous with the ses- 
quioxides of iron and chromium. 

This oxide occurs native, colourless as 
hyaline, corundum ; or coloured by nmtallic 
oxides, as ruby, sapphire, oriental topaz, &c. (q.v.J. 
Very impure, dark, and usually associated with 
magnetite and hcematite, it occurB in large 
boulders in many districts, and is used as a 
grinding and polishing material in the form of 
emery (<7. v.). The native oxide crystallises in the 
rhombcmedral system; in hardness it comes 
next to the efiamond. t The finely coloured 
specimens are used as gems. It occurs dmost 
pur# in considerable quantities in the Alleghames 
LB Northern Georgia. . . . 

It .may be prepared by the „ignition ol 


aluminium foil in air or oxygen; the oxide so 
produoed is fused and as hara as corundum. 

Alundum is fused alumjpa, a product made 
up into electrical furnace cores, crucibles, bricks 
and tubes where high refractory properties are 
of value. It withstands 2000°, and haB a linear 
expansion of 0*0000078, a specific heat of 0*195; 
at high temperatures (over 1500°) it has a low 
electrical resistance. It is, however, inapplic¬ 
able to use in some directions owing to its 
porosity. 

Amorphous alumina may be produced by 
ignition of the precipitated hydrate,'pure alu¬ 
minium sulphate or ammonia alum ; in either 
case alumina alone is left. r 

It is white and soft, but becomes hard on 
strong ignition. According to H. Rose (Pogg, 
Ann. 74, 430) the ep.gr. of the oxide after 
heating over a spirit-lamp is 3*725 ; its density 
may be raised to 4, just aoout that of corundum 
by heating in a porcelain furnace, but it still 
remains amorphous. It is remarkable that 
though the density of the artificially prepared 
alumina is nearly 4, its bulk density may be less 
than one-fifth oi this. With a somewhat lower 
density the bulk density is higher, but is still 
such that it occupies a larger bulk than the 
same weight of water. 

When heated by the oxyhydrogen blow-pipe, 
alumina melts at 20^0° ana orystallises; the 
addition ol chromium oxide or a chromate 
imparts a ruby colour to the crystals. 

Fremy and Verneuil (Compt. rend. 1888, 
566) have prepared artificial rubies by heating 
to redness a mixture of barium fluoride and 
alumina containing a trace of potassium dichro¬ 
mate. The heat requires careful management. 
Fine rubios are thus formed in a friable matrix 
which may be separated by agitation with water 
By former methods tho matrix was hard and 
difficult to remove (Fremy and Feil, Compt. 
rend. 1877, 1029, and 1887, 737). The crystals 
contain no barium, easily scratch tho topaz, and 
possess the form and properties of natural rubies; 
their crystalline form has been determined by 
Descloisoaux (Compt. rend. 1888, 667). By the 
addition of a little cobalt oxide before the fusion, 
sapphires may be produced. 

Alumina is soluble, when strongly heated, in 
boric acid ; the latter may be driven off at a 
very high temperature, leaving crystalline 
alumina. By the addition of the proper oxide 
the corresponding spinels may be produoed, 
coloured by cobalt oxide (blue), chromium oxide 
(red), iron oxide (black), (Ebelmen, Ann. Chim. 
Phys. 3, 22, 211 and 33,34). Only two hydroxides 
of aluminium are known, viz.: Al,O a ,H a O and 
Al 2 0 3 ,3H a 0. By Graham’s method an aaueous 
solution of the hydroxide may be obtained. 

When the hydroxide is freshly precipitated 
it dissolves readily in dilute acids, but on 
standing, or after filtration, solution is more 
difficult, and is best achieved by a mixture 
of 8 parts of sulphuric acid and 3 parts of 
water. When heated, the hydroxide loses its 
water, undergoing a contraction of about 30 
p.c. in bulk as it passes into the form of the 
anhydrous oxide. 

When boiled with water oontalnmg a drop 
of a 1 p.o. solution of alizarin, the hydroxide 
I assumes a bright red colour, not removed by & 
! weak solution of aoetio aoid. * 
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This tcft easily distinguishes it from gelatin- | 
ous silica. Aluminium hydroxide possesses a 
powerful affinity foi^many organic aubstanoes, 
and enters into association with a large’ number 
of colouring matters, precipitating them entirely 
as lakes. On this property depends the use of 
alum mordants (red liquor, &o.). They pre¬ 
cipitate the hydroxide upon the fibre of the 
goods to be dyed, and this constitutes the 
mordant or fixing agent whioh retains the colour. 

Sodium aluminate Al 2 0,*3Na 2 0 or Al 2 (NaO) ? . 
This salt is now prepared on a large scale, both 
to be used as such and as an intermediate pro¬ 
duct in the preparation of the sulphate and other 
salts of aluminum. . 

Its formation depends upon the property 
possessed by alumina of acting as an acid in pre¬ 
sence of a powerful base. 

Its preparation from bauxite has already 
been described. It may also be pioducrd by 
passing a current of steam through a heated 
mixture of bauxite and common salt, and by 
strongly heating a mixture of bauxite, sodium 
sulphate, and carbon, but in the latter case its 
purification from the sodium sulphide simul¬ 
taneously produced is difficult. It is also formed 
in the preparation of soda from cryolite. Accord¬ 
ing to Thomsen’s method, powdered cryolite is j 
heated to redness with chalk, forming sodium i 
aluminate and calcium fluoride :— 

Al t F e -6NaP+8CaCO 3 =Al,(WaO) e +6O^F 2 +60O t ' 

The mass produced is lixiviated with water and 
filtered. From this aluminate the hydroxide is 
precipitated by carbon dioxide with formation 
of sodium carbonate 

Al 8 (Na0)*+3C0 l +3H 2 0=Al 2 (0H) # f 3Na 2 C0 8 
The hydroxide is usually made into aluminium 
siflphate by solution in sulphuric acid, or it it 
converted into alum. 

An entirely different process has been intro 
duced by Sauer woin. The finely powdered cryolite 
is boiled with milk of lime forming aluminate as 
before:— 

Al a F # -6NaF+6CaO=Al 2 (NaO) 8 +60aF 2 . 

For the conversion of the aluminate into oxide 
Sauerwein applies a peculiar property possessed 
by that salt, which Bhows the readiness with 
whioh alumina loses its acid properties and again 
becomes basic. Sodium aluminate, when mixed 
in equivalent proportions with any haloid salt of 
aluminium, is decomposed ; the sodium combines 
with the halogen, while the whole of the alumi¬ 
nium is precipitated as hydroxide. On the large 
scale the haloid salt used is cryolite. The finely 
powdered minoral is stirred into the cloar liquid 
from the previous operation, and the alumina 
precipitated as hydroxide 

AUN»0),+Al,r l -6N»F^6H 1 0 , 

=2Al,(0lf), +• 12N»F. 

Sodium aluminate is a white, infusible, 
amorphous solid, easily soluble in both cold and 
hot water. The concentrated solution rapidly 
deposits alumina, leaving in solution a ba&io 
aluminate, which on evaporation is obtained as 
a fusible and hygroscopic mass. The addition 
of any acid at once decomposes it with precipita¬ 
tion of alumina. This alumina is pure and free 
from alkali, whioh is never the oase when alkaline 
precipitants have been used. It may be employed 
as a mordant in dyeing and calico-printing, in 


an aoid and sot. W in the caae of alum, an 
alkaline bath. For the production of lakes the 
colouring matter is mix&d with, the aluminate 
solution and precipitated by the addition of sul¬ 
phuric acid. According to Morin these lakes 
are richer than those obtained from alum and are 
produoed at ^about one half the cost. 

Potassium aluminate A1 2 0J-3K 2 0 or AI a (KO) 4 
is obtained in hard glistening crystals when 
alumina is fused with potash, the mass boiled 
in water and the solution evaporated in vacud. 

Aluminium chloride Al a Cl-. This compound , 
was first prepared in 1824 by Oersted, by passing 
chlorine over a mixture of alumina and onarooal 
heated to redness. The method and apparatus 
resemble that used in the preparation of the 
double chloride, omitting the sodium chloride. 

According to P. Curie (Chem. Nows, 28, 307) 
it may be easily prepared as follows:—Anhy¬ 
drous alumina, or, loss satisfactorily, clay, is 
strongly heated in a tube and eubjeoted to a, 
current of hydrochloric acid impregnated with 
carbon disulphide by bubbling through that 
liquid. Aluminium sulphide appears to be 
formed and at onoe decomposed by the hydro¬ 
chloric acid, yielding aluminium ohlorido and 
sulphuretted hydrogen. The condensed ohlorid© 
may bo freed-from sulphur by distillation with 
iron filingR. 

A solution of the chloride may be obtained 
by dissolving the hydroxide in hydxoohlorio acid. 

The pure anhydrous chloride is a white, waxy, 
crystalline solid ; in presence of a traoe of iron 
it becomes yollowish. On heating, it volatilises 
without fusion. If large pieces be quiokly heated 
they fuse and boil at 180® to 185° (Liebig). It 
is very hygroscopic, and evolves hydrochloric 
acid on exposure to the air ; is easily soluble in 
water; soluble in alcohol and etner. When 
deposited from a solution in hydroohloric acid, 
it forms crystals of the formula Al a Q a ,I2H a O. 

It absorbs ammonia and combines with 
many metallic chlorides, forming double chlor¬ 
ides, the most important being that with sodium. 
Aluminium chloride has been recommended by 
Filsinger (Chem. Zentr. 10,1270) for the preserva¬ 
tion of wood, and by Sa^bt (Chem. News. 45,113) 
and others (J. Soc. Chem. Ind. 1882, 185 and 
230) for the production of a discharge on indigo 
blue. An impure chloride containing calcium 
and sodium salts is stated to be largely used as a 
disinfectant under the name ‘ Chloralum.* 

Double chloride of aluminium and sodium 

Al 2 Cl a ,2NaCl. This compound may be pro¬ 
duced by fusing together the proper proportions 
of aluminium and sodium chlorides. It is a 
colourless crystalline solid, melting at 185° 
(Deville) and volatilising at a red heat.- It 
is slightly hygroscopic, but much less so than 
aluminium chloride; it is also more stable 
and more satisfactory in use than that sub¬ 
stance, and gives up nearly the whole of its 
aluminium when reduced by sodium. 

Aluminium bromide Al 2 Br # is most readily 
prepared by the action of bromine on metallic 
aluminium. The action is violent, and the metal 
should only be added gradually. A lump of 
aluminium weighing twenty grams beoomes 
strongly heated and even fused on being planed ? 
in cold bromine (Mallet, Phil. Trans. 171,1018). 

It may also be prepared by the action of 
bromine on strongly heated mixture of alumina* 
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and carbon, and, in solution, by dissolving the 
hydroxide in hydrobromio acid. It crystallises in 
colourless shining laminae, which melt at 93° 
{Deville and Trooat) and boil at 263*3® (at 747 
mm.) (Mallet). 

Like the ohloride, it forms a double bromide, 
Al 8 Br*2KBr. 

Aluminium Iodide A1 2 I, may be prepared by 
heating aluminium with iodine in a closed tube. 
It melts at about 185° (Weber) and boils at 
360* (Deville and Troost); its vapour is com 
bustible. It dissolves in water, alcohol, and 
carbon disulphide. 

Aluminium fluoride Al 2 F fl , may be prepared 
by the action of gaseous silicon fluoride, or of 
hydrofluoric acid upon aluminium. It forms 
transparent rhombohodra, volatile at a red heat, 
insoluble in water and unacted upon by acids. 
In solution in hydrofluoric acid, it appears to 
form the compound Ai 2 F fl *6HF, the acid cor¬ 
responding to the double fluoride of aluminium 
ana sodium. 

Cryolite Ai 2 F 6 *6NaF. This important com- 
und may be prepared artificially, and attempts 
ve been maue to produce it as a substitute for 
the natural cryolite, it being claimed that 
the artificial cryolite possesses the advantage 
of being lighter and melting at a lower tem¬ 
perature (J. Soc. Chem. lnd. 1890, 945). In 
recent years, however, artificial cryolite lias been 
put on the market which presents no essential 
difference either in composition or properties 
from natural cryolite. Natural cryolite occurs in 
quantity only in one locality, in a largo vein in 
the gneiss at Ivigtut in Greenland. Greenland 
cryolite has the following composition : AI 13*2, 
Na 32*7, F 54*2, and small quantities of silica. 
The melting-point of mixtures of cryolite and 
alumina is Baid to be-c 


t Cryolite 

1000° 

With 3 p.c. Al 2 O a . 

. 974° 

„ 6 p.c. „ 

. 960° 

„ 10 p.c. „ 

. 980° 

„ 15 p.c. „ 

. 994° 

„ 20 p.c. „ 

. 1015° 


(Chem. Soo. Abst. 1907, 400; also Chem. Soc. 
Abet. 1913, 508). 

It is a semi-transparent, white, crystalline, 
brittle solid, which melts at the edges in a candle 
flame. Its hardness is 2*5 to 3 ; its sp.gr. 2*95, 
bqfc 221 in the fused state. When impure it is 
frequently yellowish-red or even black ( v . 
Cryolite). 

Cryolite is used as a flux in the manufacture 
of Aluminium; formerly for making salts of 
sodium and aluminium; and for the manufac¬ 
ture of an opaque, porcelain-likc glass. It is 
also used for enamelling pans and as a glaze for 
pots as replacing lead glaze. (See farther, 
Benzon, Hoffmann’s Her. Entw. Chem. Ind. 
[1] 660).) 

, Aluminium sulphide A1 ? S 3 , may bo prepared 
*t>y strongly heating a mixture of aluminium 
and sulphur, or by heating alumina to bright 
redness in the vapour of carbon disulphide. 
It forms a yellow, glassy mass, which fuses 
at 1100°, and burns in air with production of 
’ alumina and sulphur llioxide. It may be 
purified by sublimation in a vacuum at 1100°- 
Uttlr, and then forms white needles resembling 
•tabestos of sp.gr. 2‘02 13 0 /13° (BUtz and Cas- 


pari, Zeitsoh. anore. Chem. 1911, 71, 182). It 
is readily hydrolysed by water. Houdard 
(Corapt. rend. 1907, 801) fofmd that by heating 
aluminium turnings and sulphides of manganese 
iron and ohromium in a carbon boat, sulphides 
related to the spinels are formed, of which he 
prepared 

Mn»S,Al 2 S 3 , FeS,Al a S 3 , CrS,Al 2 S 3 

Aluminium carbide Al 4 C a may be obtained 
by the action of carbon or the oxides of carbon 
on alumina at very high temperatures, and often 
occurs in small quantity contaminated with 
nitride in tho neighbourhood of the cathode 
of aluminium reduction furnace^ in the form 
of a yellow powder; it is formed when a 
mixture of alumina and carbon is submitted 
to a current of 300 amperes at 65 volts. 
It possesses the remarkable property of being 
stable at high temperatures, and yet undergoing 
decomposition at a dull red heat. It reacts, 
though somowbat slowly, with water or dilute 
acids with tho production of methane. The 
formation of carbide and ultimately its decom¬ 
position lias been proposed as a means of pre¬ 
paring alumina from clay or other crude materials. 
Bring (Chem. Soc. Trans. 1905, 1530) found 
that up to 1400° O. the carbide acts as a reducing 
agent on metallic oxides, 

Al 4 0 3 f 12M0=-JAl 8 0 8 +3C0 2 fl-12M 
but at higher temperatures alloys of aluminium 
and the metal are produced, only carbon being 
oxidised, 

A1 4 C 8 +3CuO=A1 4 Cuj+3CO 

owing to tho fact that alumina can be reduced 
by carbon at very high temperatures; at lower 
temperatures the aluminium is oxidised by 
carbomc oxide as observed by Moissan, 

6AI-f-3CO“Al 4 C 3 +Al a 0 8 
the reaction being reversed at the higher tem¬ 
peratures. 

Aluminium sulphate Al 2 0 8 (S0 a ) a ,18H 2 0 or 
Al i (S0 4 ) a ,18H l 0. Aluminium sulphate ocours 
naturally in considerable quantities. As the 
hydrated salt of the above composition, it 
forms the chief constituent of the mineral 
alunogen, halotrichite, feather alum , or hair salt, 
which is found in volcanic districts, at Bilin in 
Bohemia, Copiapo in Chile, &o. It also ocours 
in pyritic shale. A sample of feather alum from 
Friesdorf, Bonn, was found by Rose to contain 
A1 2 6 s 14*9 p.c., SO, 37*4 p.c., FeO 2*5 p.c., 
H a O 45*2 p.c., with traces of K, Na, Mg, and 
Si0 2 . 

Aluminite or websterite, a hydrated basic salt 
of the composition Al 2 0 3 S0 a ,9H 3 0, has been 
found at Auteuil, Halle* Muhlhausen, &o. 

In combination with potassium sulphate, the 
basio salt occurs also in alunite, alumUme , or 
alum rick K 2 S0 4 ,3A1 j 03(S0 s ), 6 Hj 0, a mineral 
which is found in large quantities at La Tblfa 
near Civita Vecchia, in Hungary, at Puy-de- 
Sanoy and Madriafc in Auvergne, New south 
Wales, Kyoquot Sound (Canada), and in many 
othar localities. Tt usually oocurs in fibrous 
compact masses in trachyte, of colour varying 
from white to red or brown, being produced by 
the action of sulphurous gases upon tr&ohytfc 
rocks rich in felspar. 

The alunite from La .Tolfa contains from 
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Sfi p.o. to 17*5 p.o. alumina; the average 
composition of the mineral is A1,0. 27*6 p.o., 
SO. 29*74 p.c., KfO 7*55 p.o., Fe a O t 1*2 p.o., 
SiO. 22*7 p.o., HjO 11-2 p.o. 

Aluminium sulphate may be produced by 
dissolving either the hydrated oxide or the 
silicate in sulphurio aoid. Of the raw materials 
available for its manufacture, the two which 
are of the greatest importance at the present 
time are ohina clay (kaolin) and bauxite. China 
day is a very pure variety of clay, resulting 
from the natural decomposition of felspar, and 
approximating in composition to the formula 
Al 8 0„2Si0 8 ,2H 8 0. It is of comparatively rare 
occurrence, being found chiefly in Devon and 
Cornwall in England; at St. Yrieix near 
Limoges, and in the departments of Allier, 
Puy-de-Dome, and Brittany, in France; at 
Seiiitz in Saxony ; and at Nassau in Bavaria. 

Bauxite is an impure aluminium hydroxide 
Al,O a ,2HjO, containing widely varying quan¬ 
tities of silica and ferric oxide. It is found in 
Ireland, ift the south of France, and in Austria, 
Calabria, Senegal, &c. ( v . Bauxite). 

The composition of typical commercial grades 
of the two minerals is given in the following 
table, the analyses having been made on 
material dried at 100°:— 


Source 

China flay | 

Bauxite 

St.Stophen’s 

St. Austell! 

1 

Antrim 

France 


ai 2 o, 1 

4015 

41-10 

41*08 

64-18 

Fo.O, 

0-35 

0-20 

3-21 

3-47 

SiO, 

TiO, 

4500 

46-20 

J33-17 

18-96 

K,0+Na,0 

0-80 

trace 

— 

— 

H,0(oomb.) 

13-70 

12-50 

22-54 

13-39 

Total 

100-00 

100-00 

400-00 

100-00 


Production of aluminium sulphate from china 
day. —At the present time the manufacture of 
aluminium sulphate from china clay is carried 
out on an extensive scale by a process based 
upon the original patent of Pochin (Pat. 1855, 
14656). The clay, containing about 40 p.c. 
alumina, is obtained from Cornwall, and is 
selected as free as possible from grit and oxide 
of iron. It is reduced by milling and sifting 
to the finest possible state of division, and after 
a preliminary, drying by exposure to a warm 
atmosphere, is calcined at a dull-red heat in a 
reverberatory furnace. The furnace is provided 
with three working dbora, the material being 
introduced by the door which is most remote 
from the firegrate, and gradually rake^ forward 
until it reaches the hottest part of the hearth. 
During the calcination the clay suffers a loss in 
weight amounting to from 20 to 25 p.c., duo to the 
expulsion of the whole of the moisture present 
(10 to 15 p.c.) and of the greater part of the 
water of hydration. 

The oalcined clay, which still contains about 
3 p.0. of water, is transferred by means of iron 
tubs to a lead-lined wooden vat oontainine 
the requisite quantity of sulphurio acid, heated 
to a temperature of 85°, and having a strength 


at this temperature of 96° Tw. A vigorous 
reaotion immediately takes place, and after the 
lapse of 15 minutes, during which period the 
contents of the vat are kept well agitated, the 
product is run into lead-lined wooden waggons 
(with removable sides), in whioh the reaction 
continues for a considerably time and the pasty 
mass gradually solidifies. Finally the solid 
block is brought under a heavy meohanioal knife, 
and by a combined cutting and crushing action 
is reduced to the state of a coarse powder. 

The product, which is brought on the market 
under the name of ‘ alum cake,’ contains the 
whole of the silica, iron,-and other impurities 
present in the clay, its average compoeition 
being: A1 2 0 3 (soluble) 12-25 to 13*0 p.c., 
Fe 2 O 8 0-12 to 0-22 p.c.; combined SO, 29-5 to 
31-8 p.c., free SO, 0-4 to 1-0 p.o.; insoluble 
matter 20’0 to 26-J> p.c. 

About 60 p.c. of the alumina present in the 
ohina clay is converted into sulphate. 

Tho commercial ‘ whitS sulphate of alumina * 
is prepared from alum cake in the following 
manner: The coarsoly crushed alum oake is 
lixiviated with water (or with weak liquors from 
previous extractions) in lead-lined vats heated by 
live steam ; after settling, the clear solution is 
decanted by moans* of a hinged pipe, and run 
into lead-lined evaporators, heated by steam 
coils, where it is concentrated to a strength of 
112°Tw. at the boiling-point (about 115®). 
The syrupy liquid is then run into a series of 
shallow tiled troughs, where it solidifies on 
cooling. Before solidification occurs, a number 
of leaden partitions are inserted in the troughs, 
and the product is thus obtained in the form of 
rectangular blocks of uniform size (24" X 9" X 6"). 
‘ White sulphate of alumina,’ prepared by the 
above process, contain^ on an average about 
14 p.c. of alumina and 0-25 p.c. of ferric oxide, 
and is practically free from insoluble matter. 
Another grade of the material is prepared 
containing 17-5 p.c. alumina. 

Preparation of aluminium sulphate, from 
bauxite.— 1 The substitution of bauxite for ohina 
clay in the manufacture of aluminium sulphate 
was proposed by Lechatelier in 1858, and its 
treatment forms the subject-matter of numerous 
patents. Bauxite has the advantage over ohina 
clay that it is more readily soluble in acid, and 
needs no preliminary oalcination, the ohief 
drawback to its use being the presence of a 
comparatively large amount of iron. • 

The treatment of bauxite for the preparation 
of * alum in o-ferric cake,’ as patented by Messn. 
P. and F. M. Spence (1875), is as follows:—The 
mineral is digested with dilute sulphuric acid 
with the aid of steam until the acid is neu¬ 
tralised ; the insoluble matter allowed to sub¬ 
side, *and the solution evaporated to 116°Tw. 
and run into shallow-partitioned lead coolers. 
It there solidifies, ana is removed in blocks 
18 or 20 inches square, each weighing about 
1 owt. It ia yellowish-ween in colour, con¬ 
tains much alumina, and a small proportion 
of iron and free acid. It- is used in the prepa¬ 
ration of all but the finest papers, in the pre¬ 
cipitation of sewage.and refuse liquids, and in 
the clarification and decolourisation of water 
supplies. *■ The following analysis shown its 
general composition: A1 8 0, 14*26 p.o. (oone- 
spondingfcoiU 8 0 8 3S0 8 47'61 p.c.),Fe 8 0 3 0*28 p^o., 
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F*0 0*32 p.o., SO, (combined) 35 36 p.c., SO, 
(free) 0*45 p.o. Insoluble 0*06 p.o. 

The commercial sulphate of alumina which 
is sold under the names of ‘ concentrated alum ’ 
and * alferite,’ resembles alumino-ferric in com¬ 
position, and is prepared by a similar prooess. 
The following details concerning its manu¬ 
facture will serve to exemplify modern prac¬ 
tice. 

As raw material, it is usual to employ a mix¬ 
ture of Irish and French bauxites, reduced by 
means of disintegrators to the state of a coarso 
powder. The powdered mineral is conveyed by 
means of an elevator to a lead-lined vat contain¬ 
ing sulphuric acid, heated to its boiling-point 
(about 125*), and having a strength, at this 
temperature, of 70°Tw. The mixture of acid 
and bauxite is boiled vigorously for C hours, 
after which it is diluted with weak liquors to 
70*Tw. (measured at tho boiling-point) and 
allowed to Bettle. The clear liquor is decanted 
and evaporated in lead-lined vessels until its 
density reaches 112°Tw. (boiling). It is then 
run into partitioned coolers where it solidifies, 
forming blocks or slabs, containing on an average 
13-8 p.c. alumina, 0*7 p.c. ferric oxide, and 0-1 
p.c. insolublo matter. 

If Fronch bauxite be used alone in the above 
process, great difficulty is experienced in the 
clarification of the liquor; with a mixture of 
Irish and French bauxites, however, rapid 
settling occurs, and a perfectly clear liquor is 
readily obtained. It is of importance also, in 
this connection, that the liquor should retain a 
small amount of free acid, as the fully neutralised 
solution settles very slowly. 

Sulphate of alumina prepared by any of 
the above processes always contains appreciable 
quantities of iron, ancj the removal of this 
impurity is a problem of considerable impor¬ 
tance, and one which has received the attention 
of many ohemists. Numerous processes have 
been devised for the purpose, but it is doubt¬ 
ful if any of these is satisfactory in works’ 
practice. 

Newlands (Eng. Pat. 1880, 5287) evaporates 
a orude solution of the sulphate to a density of 
67°Tw. (at 200°F.) and cools for twenty-four 
hours in leaden tanks. 

About 60 p.c. of the sulphate thus crystallises 
out. ^The liquid is drained off, and the residue 
pumped or forced into lead-lined filter presses, 
the plates of which are covered with thick felt, 
and separated by metal rings. Here it is sub¬ 
jected to a pressure of about 200 lbs. to the 
square inch. The hard cake so produced 
'wjntains about 67 p.c. of the total aluminium 
sulphate, ancl 0*05 to 0-1 p.c. of iron. f l lit* 
mother liquor, evaporated and similarly treated, 
yields a second and third crop of crystals 
containing increasing quantities of iron. 

Chadwick and Kynaston have patented a 
method for .the removal of iron from bauxite 
before converting the latter into aluminium 
sulphate. The powdered mineral is mixed to a 
thick cream with water, and troated with 5 to 
10 p.6, of oxalic acid and sufficient hydrochloric 
aoia to prevent tho formation of insoluble 
• oxalates. After seven to ten days the mass is 
washed, and a large proportion of Vhe iron 
(together with some of the alumina) is thus 
' removed as oxalate. • 


Condy, in 1877, proposed the reduction of 
the iron by reducing agents, or its conversion 
into sulphide by sulphuretted hydrogen, and 
the removal of the metal or sulphide by dilute 
aoid. The proportion of iron may thus be re¬ 
duced to one-third. 

Weismann suggested the precipitation of 
the iron from aluminium sulphate liquors by 
means of potassium ferrocyanide. The method 
is by no means satisfactory, as the precipitate 
oontains much alumina and subsides very 
slowly. 

Kynaston precipitates the bulk of the iron 
as ferrio arsenite, removing the last portions 
with calcium ferrocyanide, followed by the 
addition of copper or zinc sulphate. 

According to Fahlberg and Semper (Eng. 
Pat. 1881, 6679), both ferrous and ferric salts 
may be precipitated from aluminium sulphate 
by agitation in the cold for about thirty minutes 
with lead peroxide, ferrous salts being first 
oxidised and then precipitated. No lead passes 
into solution unless chlorides be present. The 
composition of the precipitate is not known, but 
the peroxide may bo regenerated by digestion in 
cold nitric acid. P. and F. M. Spence (Eng. Pat. 
1882, 3836) use manganese aioxide for the 
same purpose. In presenoe of reducing agents 
such as ferrous salts, &c., manganese passes 
into solution, and requires to be reprecipitated 
by addition or chlorine or a hypochlorite. 

The use of metantimonic acid and meta- 
stannic acid (Hood and Salamon) has also been 
proposed for the precipitation of iron. The iron 
is first oxidised by the addition of bleaching 
powder, and the liquid is neutralised with chalk 
and agitated with the precipitant. Both sub¬ 
stances may be regcnerateci by digesting the 
precipitate with sulphuric acid. 

According to H. Spence, W. B. Llewellyn, 
and P. Spence and Sons (Eng. Pats. 23030, 1904 ; 
3805, 1912 ; 9148, 1914), the crude liquor, which 
must be basic and have all the iron in the ferric 
state, is treated with potassium sulphate and 
agitated for several hours at from 60° to 80° 
until most of the iron is preoipitated as insoluble 
basic ferric sulphate. J. Boulton (Eng. Pat. 
20227, 1914) proposes to neutralise the free aoid 
in and remove iron and other impurities from 
crude aluminium sulphate by immersing in the 
liquor a framework of magnetised Bteel wire 
with cross wires of copper holding zino rods in 
suspension. The process is carried out for six 
hours at 38°. 

(For further information regarding these pro¬ 
cesses, see Beveridge, J. Soc. Chem. Ind. 1886, 
16-22; B. E. R. Newlands, ibid. 1882, 124; 
Kynaston, Chem. News, 40, 191 and 202.) 

Most of the above-mfentioned processes for 
the purification of aluminium sulphate from iron 
possess little or no commercial significance at 
the present time. ‘Pure aluminium sulphate* 
is prepared directly from pure alumina, wnich is 
obtained from French red bauxite by the 
‘ alkali fusion ’ process. The bauxite, eater a 
preliminary roasting, is redyoed to a fine powder, 
and mixed with soda ash in such proportions 
that for every molecule of Al a 0 8 present there 
are 1 to i *5 molecules of Na-O. The mixture 
is strongly heated in a reverberatory furnace, 
with frequent stirring, for a period of five hours. 
Carbon dioxide is evolved and the alumina 
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and ferric oxide are converted into sodium 
aluminate and sodium ferrite respectively. 
The mass is lixiviated by successive extractions, 
first -with weak liquor from previous batoheB, 
and finally with pure water. The sodium 
aluminate dissolves as Buch, whilst the sodium 
ferrite is decomposed, forming insoluble ferric 
oxide which remains in the exhausted residue, 
and caustic soda which passes into solution. 
The clear liquor is run into a boiler and saturated 
with carbon dioxide produced by the combus¬ 
tion of coke or by the decomposition of limestone. 
During the passage of the gas tho contents of 
the boiler are heated to 70° C and kept thoroughly 
stirred by Aeans of an agitator. When the 
precipitation of the alumina is complete, the 
liquid is allowed to settle and the clear liquor 
decanted and concentrated for the recovery of 
the dissolved sodium carbonate, whilst the 
alumina is drained in a hydro-extractor. 

A cheaper process for obtaining the alumina 
from the sodium aluminate has been devised by 
Bayer, as already described. 

The alumina prepared by either of the above 
processes yields by treatment with sulphuric 
acid, a very pure quality of aluminium sulphate. 
Two grades of the latter are commonly prepared 
for the English market—the one, sold in the 
form of slabs or blocks, contains 14*0 p.c. of 
alumina and 0*0025 p*o. of ferric oxide, the 
other, sold in powder, contains 17 '0 -18 - 0 p.c. 
of alumina and 0*0040 p.c. of ferric oxide. 

Aluminium sulphate crystallises with diffi¬ 
culty in thin, six-sided nacreous plates, con¬ 
taining 18 molecules of water and having a 
density of 1*0913 at 17° C. (Dewar). The 
following table of solubilities is given by Poggiale 
(Ann. Cnim. Phys. [3] 8, 467) for the crystalline 
and anhydrous salts :— 


Temp. °C. 

Solubility in 100 parts of water 

Auao.is 

Aiztso.js.iraiO 

0 

31 3 

80-8 

to 

33-5 

95-8 

20 

36 J 

107-3 

30 

40-4 

127-6 

40 

46-7 

167-6 

60 

62-1 

201*4 

00 

59-1 

262*6 

70 

86-2 

348-2 

80 

73-1 

467-3 

90 

80-8 

678-8 

100 

89-1 

1132-0 


The addition of alcohol, in which aluminium 
sulphate is almost insoluble, to aqueous solutions 
of aluminium sulphate, facilitates the crystalli¬ 
sation of the Balt (Persoz). # 

When heated, aluminium sulphate melts in 
its water of crystallisation, swells up, and gradu¬ 
ally forms a white porous mass of tne anhydrous 
sulphate, which only dissolves slowly in water. 
At a red heat oxides of sulphur are expelled 
and a residue of pure alumina remains. 

Aluminium Bulphate combines readily with 
the sulphates of the alkali metals, forming 
crystalline double sulphates, known as alums, 
which are, as a role, 'considerably less soluble 
than aluminium sulphate itself. According to 


Reuse (Ber. 17, 2888), the addition of l p.c. of 
tassium sulphate to a solution containing 
p.o. or upwards of aluminium sulphate, at 
once produces a orystalline precipitate qf alum. 

The general industrial uses of aluminium 
sulphate are the same as those of ordinary 
alum. It is largely used injmper-making, water 
purification, and in the preparation of red liquor 
as a mordant. The coarser preparations are 
employed for the precipitation of sewage. 

Karl Reuse (Ber. 17, 2888) gives the density 
of solutions of pure anhydrous aluminium sul¬ 
phate as follows:— 


Per¬ 

centage 

Density at j 
16 0. j 

Per¬ 

centage 

Density at 
15‘U 

1 

1-017* ! 

14 

1-1467 

2 ! 

1-027 1 

16 

1-1574 

3 

1*037 1 

1 10 

1-1868 

4 

1-047 

I 17 

1-1770 

5 

1 •0569 

18 

1-1876 

6 

1 -0670 

19 

1-1971 

7 

1*0768 

20 

1-2074 

8 

10870 1 

21 

1-2168 

9 

1 *0968 

22 

1-2274 

10 

' 1*1071 l 

23 

1-2375 

11 

1.1171 

24 

1-2473 

12 

1-1270 

i, 25 

1-2672 

13 

1-1369 




Per¬ 

centage 

Density at 

25 ’0. 

Density at 

35 J C. 

Density at 
45°C. 

5 

1-0503 

1-0460 

1-0350 

10 

1*1022 

, 1-0960 

1-086(1 

15 1 

1*1522 

1*1460 

1-1346 

20 

1-2004 

1 -1920 

1-1801 

26 

1-2483 

1-2407 

1-2295 


For further particulars regarding the manu¬ 
facture of aluminium sulphate, see The Mineral 
Industry, iii. 25; and Manufacture of Alum 
and other Salts of Alumina, by L. Geschwind, 
Scott, Greenwood and Co., London. 

The production of aluminium sulphate, alum 
cake, alums and other aluminium compounds 
is carried out in large quantities in the United 
States. The total output of these products in 
1912 approached 160,000 tons, and rose^teadily 
to 296,000 tons in 1917. 

For the detection of free acid in aluminium 
sulphate, a dilute solution of Congo red is 
useful, becoming blue in presenoe of free acid, 
but is not affected by the pure salt. 

For the estimation of the free acid, a weighed 
quantity (20 to 50 grams) of the sample is dis¬ 
solved in 40 to 100 c.c. of water, the solution 
heated to boiling, and titrated with normal 
oatlstic soda until a drop of the liquid, taken out 
with a glass rod, fails to yield a blue colour when 
mixed with six drops of Congo red solution 
(prepared by dissolving 0*067 gram of Congo 
red in 100 c.c. of boiling water and diluting to a 
litre). The presencq of iron salts interferes with 
6his method as ferric sulphate, for example, 
reacts aaid towards Congo red. 

T. J. I.. Craig (J. Soc. Chem. Ind. 1911, 184) 
proposes to determine the free acid in aluminium 
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* sulphate by treating the latter with excess of 
neutral potassium fluoride, whereby the double 
■alt AlF a *3KF ifl formed together with potassium 
sulphate. As these products are neutral to 
phenolphthalein, the free acid present may be 
directly titrated with a standard solution of 
potassium hydroxidr*. 

Iron, in the ferrous condition, is estimated 
by titration with decinormal potassium per¬ 
manganate, and total iron by means of standard 
titanous chloride solution (v. Kneeht and 
Hibbert, New Reduction Methods in Volumetric 
Analysis ; and Ber. 1903,1550). If the quantity 
of iron present be very small, it is determined 
colorimetrically ( v . Alums). 

Several basic aluminium sulphates have been 
prepared. The compound Al20 s ,2S0 3 ,12H a 0 is 
obtained by heating a solution of aluminium 
sulphate with zinc, or by dissolving in it the 
calculated quantity of aluminium hydrate. 
Spence and Sons, Limited (D. It. P. 1903, 
167419), prepared a basic sulphate of similar 
composition by heating sulphuric acid under 
pressure with 15 to 30 p.c. more alumina than 
is required for the formation of the normal salt. 
The solution is then treated with sufficient chalk 
or lime to raise the basicity by 20 to’ 28 p.c. 
The strongly basic solution is rapidly filtered and 
concentrated in vacu6 until its density reaches 
1‘46. On cooling with agitation, a magma of 
crystals is formed and is separated by suit¬ 
able means from the mother-liquor which 
contains normal aluminium sulphate ( cf . 
also Eng. Pat. 1902, 25683, and Fr. Pat. 1903, 
331836). 

Aluminium sulphite Al 2 0 a (S0 8 ) a . 

The bisulphite has been used by Becker 
(Dingl. poly. J. 267, 300), Suchomel (J. Soc. ! 
Chem. Ind. 1887, 143) and others, for the purifi¬ 
cation of beet sugars. Becker prepares for this , 
purpose a solution of sp.gr. I T 07 containing 4*37 j 
p.c. alumina and 13*9 p.c. sulphurous oxide, by 
dissolving the hydrated oxide in sulphurous acid. 

Aluminium phosphates. As hydrated phos¬ 
phate, aluminium occurs in the turquoise. , and 
enters into the composition of wavcllite , lazti- 
liie and gibbsile. It is found in considerable 
quantity in mineral phosphates, as in the 
ftedoncta phosphates which have been used for 
the preparation of alum and for fertilisers ( v . 
Alums ; Manures). A massive stony variety 
is fottnd on the island of Anguilla in the West 
Indies. 

. Aluminium thiooyanate or sulphocyanate 
has been proposed as a substitute for aluminium 
aoetate for alizarin, steam reds, &c.; the colours 
^produced a^e said to be especially permanent 
(t>. Storoh and Strobel, Dingl. poly." J. 241, 464 ; 
and Gottlieb Stein, Dingl. poly. J. 250, 36). 

Lauber and Haussmann (Dingl. polv. J*245, 
306) recommend the following method oi prepara¬ 
tion : 5 kilos aluminium sulphate are dissolved 
hi 5 litres boiling water, 250 grams of chalk are 
added, followed by 11 *5 litres of crude calcium 
thiocyanate solution of 30° Tw., and the whole 
well Stirred and allowed to settle. Tho clear 
liquid is ready for use. 

Aluminium permanganate v . Manganese. 

Aluminium silicates. These compounds are 
exceedingly numerous and important. As an 
anhydrous silioate, with ailioate of irop, oalcium, 
magnesium, &c.. aluminium occurs in the 


varieties of garnet, crystallising in the regulai 
system. As silicate of aluminium, calcium, ant 
sodium it is found in lap$-lazuli t which wa 
formerly used as ultramarine. It is now re 
placed by artificial ultramarine (e.Ultramarine) 
As silicate of aluminium, combined wit! 
potassium, iron, and magnesium, it ocours ii 
the -micas. As double silicate of aluminium 
potassium, sodium, magnesium, or calcium, i 
forms the varieties of felspar which occur ii 
immense quantities in eruptive rocks. By th< 
decomposition of felspar by the carbonic acid ii 
tho atmosphere and in rain or spring water, thi 
alkaline compounds are removed, leaving kaolir 
or clay of more or less purity (v. "Clay), which 
under pressure, becomes hardened and laminated 
forming shale, and finally slate {q.v.). Many o: 
the silicates of aluminium are of great impor 
tanee, and of the widest application. The mon 
important of them are specially considered unde] 
their applications (v. Pottery ; Porcelain). 

Aluminium acetate. Bed liquor {v. Alumi 
nium acetates, art. Acetic acid). 

Aluminium ethoxide is prepared by treating 
anhydrous alcohol with aluminium in presence 
of a small quantity of mercuric chloride (as e 
catalyst) and iodine or alkyl haloids. The 
mixture is distilled under reduced pressure when 
a distillate free from mercury is obtained 
(Farbwerke *”orm. Meirter Lucius and Briining, 
D. R. P. 286596; J. Soc. Chem. Ind. 1915, 
34, 1168). 

Aluminium oleate is a soft white, putty-like 
substance, of great tenacity, insoluble in water, 
soluble in ether and petroleum. A mixture of 
oleate, palmitatc, and other fatty salts is pro¬ 
duced from whalo, cotton-seed, and similar 
oils by saponification with soda and addition 
of the sodium salt so produced to a solution oi 
alum. The gummy precipitate is known as ‘ oil 
pulp,’ and is dissolved in 4 or 5 parts of mineral 
oil to form a 4 thickener' for addition to the 
lubricator. A sample of oil pulp resembling 
thick gelatin had a sp.gr. of 0*921, and contained 
6 p.c. alumina combined with 30 p.c. fatty acids, 
together with 15 p.c. lard oil, and 48 p.c. paraffin 
oil (Oil and Colourman’s Joum. 4, 403). 

Aluminium palmitate is a constituent of oil 
pulp. It may be prepared in the same manner 
as the oleate, from palm oil. It forms a resinous, 
elastic, inodorous, neutral substance, insoluble 
in water, but readily soluble in petroleum' and 
turpentine. K. Lieber (Dingl. poly. J. 246, 155) 
recommends the use of the latter solution as a 
varnish. It imparts a glossy appearance to 
paper, leather, &c., and renders them waterproof 
without affecting their elasticity. 

The compounds of alupiinium with the higher 
fatty acids are used for increasing the viscosity 
of mineral lubricating oils, under the names 
4 oil pul£ ’ and 4 fluid gelatin ’ (L. Marquardt, 
Zeitsch. anal. Chem. 26, 159). G. H. B. 

ALUMINIUM BRONZE v. Aluminium. 

ALUMINIUM FOIL AND POWDER, Manu¬ 
facture of. The following is an account of the 
processes conducted at La -Praz and CharleviR*- 
sur-Audelle bv the Soci6t4 frangaipe de Couleurs 
metalliques, for the manufacture of aluminium 
foil and powder. In the manufacture of aluthL 
nium foil the metal, delivered to the works in 
the form of ingots, 700 x 320 x 120 mm. (oast at 
750°-775° G.\ is first hot-rolled at 420° O. to a 



thickness of 3'5 m. and then cut into strips 
8 cm. wide, which, after being annealed at 
420° C., are oold-ro}pd to 0-04 mm. in six stapes, 
further reduction in thickness being then 
effected by continued rolling or by hammering. 
In the former case the metal bands are first 
greased., then rolled in pairs to 002 mm., and 
subsequently in fours to the desired thickness 
of O’Ol mm., the foil thus being obtained in 
lengths of about 16 m. In the latter case, the 
bands are made into packets of 600 each and 
beaten by pneumatic hammers, each packet 
being placed between two thin sheets of zinc ; 
when the thickness of the metal reaches 0 03 mm 
the packets hammered m pairs to 0 02 mm., 
and then in fours to 0 01 mm. The wastage m 
either case is very considerable, only about 
33-35 p.c. of the 0 04 ram. metal employed 
being obtained as good foil, ono square inch of 
which weighs about 27 grams; the waste foil 
iB used for the production of aluminium powder. 
Before being finally trimmed and cut to size, 
the sheets of foil are either mechanically sepa¬ 
rated, or embossed by means of suitable rolls, 
since—in the absence of the layers of air thus 
introduced between the sheets—the metal is 
liable to become autogonously soldered at the 
cut edges. In the manufacture of aluminium 
powder it has been found necessary to employ 
the foil as the raw material, the ponder yielded 
by other forms of the metal being of too granular 
a character for use in the preparation of paint. 
The comminution of the foil is conducted in a 
series of stamp mills, in each of which the closed 
mortar-box iB provided with a circle of twelve 
stamps actuated from a central shaft, to the 
lower end of which a scraper or plough is 
attached. Caking of the metal is prevented by 
the scraper, which also causes the charge to 
be periodically thrown against the screen 
inserted in the side of the mortar ; the screen is 
provided with an exterior sliding box for 
collecting the metal passing through. After 
further classification, tne finer portion of this 
produot is mixed with about 2 p.c. of stearme 
(to prevent agglomeration and autogenous 
soldering of the particles during the fine grind¬ 
ing) and passed to a second series of stamp mills, 
the product from which is screened through silk 
bolting cloth (No. 200). The powder passing 
through the latter is then classified by a kind 
of winnowing process in ‘ elevators,’ each com¬ 
prising a vertical brass cylinder, 2 m. high 
and 0*80 m. in diameter, in which a central 
vertical spindle—to wliich horizontal wings or 
paddles are attached—i$ adapted to rotate, and 
provided with receptacles arranged at different 
levels upon a helical rail attached to the inner 
wall. The powder is fed through a tube into 
the lower part of the cylinder, the rotation of 
the spindle being so adjusted that th£ lighter 
partioles or flakes become suspended in the air, 
and are deposited in the peripheral receptacles 
at levels corresponding to their weight and 
physical condition ; the coarser particles re¬ 
maining at the bottom of the cylinder are re¬ 
turned to the fine-grinding mills. The product 
from the ‘ elevators ’ is finally treated for ten 
hoars in polishing machines, consisting of 
’horizontal, rotatory cylinders of striated steel, 
4*30 m. long and 0’6Q m. in diameter. The 
polishing of the metallic powder is effected by 
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means of brashes attached to the axis and 
bearing upon the interior wall of the cylinder 
through the whole of its length. Sinoe condi¬ 
tions favourable to ignition or explosion are 
liable to be developed within the fine-grinding 
mills, elevators and polishing machines, the 
various units are of relatively small capacity,, 
and are so disposed, both in relation to each 
other and to the other portion of the works, as 
to localise any damage that may arise from this 
cause (Guillet, Rev. Met. 1912, 9, 147; J. Soo. 
Chem. Ind. 1912, 31, 339). 

ALUMNOLE. rC 10 H 6 OH(SO 8 ) a ] 8 Al a Trade 
name for aluminium naphthol sulphonate. 
Produced by the action of aluminium 
sulphate on the barium salt of fi-naphthol 
disulphonic acid R. Used as an anti¬ 
septic. • 

ALUMS. This generic name is given to an 
important group of double salts of the general 
typo R 2 S0 4 ,R' 2 0 8 (iS0 3 ) 8 ,24H a O, where R is a 
monovalent metal or basic radical suoh as 
potassium, sodium, ammonium, &c., and R' a O a 
is a sesquioxide such as that of aluminium, iron, 
chromium, or manganese. They are all soluble 
in water, and crystallise therefrom with twenty- 
four molecules of water, in forms belonging 
to the regular system, usually octahedra or 
cubes. 

The alums which contain the Besquioxide of 
alumina will alone be considered here, and of 
these the most important are the potassium, 
sodium, and ammonium compounds. 

‘ Selenic alums ’ have been prepared, in 
which sulphuric acid is replaced by selenio acid. 

Potassium alum, Potash alum 

K 2 S0 4 ,Al a 0 8 (S0 3 ) 8 ,24H a 0. 

This salt is found in nature as kalinite, in the 
form of fibrous crystals or as an efflorescence on 
aluminous minerals, and occasionally also in 
octahedra, at Whitby, Campsie, &c. In the 
Solfatara near Naples, and the islands of Volcano 
and Milo, it occurs in larger quantities, being 
formed by the action of volcanic gases upon 
felspathic trachyte. * 

Of greater importance is the mineral alunite 
or alumstone, which is a double salt of potassium 
sulphate and basic aluminium sulphate, having 
the composition K 2 80 4 ,Al 2 (S0 4 ) 3 ,2Al a (0H ) e ; 
it is found at La Tolfa near Civita Vecchia; at 
Montioni in the Duchy of Piombino; at 
Mursaly, Munkact, and Tokay in Hungary; fa 
the islands of Milo, Argentino, and NipogliO 
(Grecian Archipelago); at Puy-de-Sancy and 
Madriat (Auvergne); at Samsoun in Asia 
Minor; and in Australia. An 1 alum mountain,* 
composed of this mineral, is reported to exist in 
China, and is stated to be nearly 1900 feet high 
and to have a circumference at its base of about 
ten miles (U. S. Cons. Report, 1903). 

The manufacture of alum is of great an¬ 
tiquity. In the time of Pliny alum was in use 
as a mordant for the production of bright 
colours, and was even tested by means of the 
tannin ia pomegranate juice to ascertain ita 
purity. It was prepared in the thirteenth cen¬ 
tury at Smyrna fronrialum rock, and since the 
fifteenth century has been largely produced at 
La Tolfa from the same substance. 

Its prostration from pyritic shale has long 
been known, together with the fact that the 
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presence of an alkali was necessary to induce) silicate, iron pyrites, and bituminous substances} 
crystallisation, but, until proved in 1797 by the iron pyrites is principally present in tke t 
Chaptal and Vauquelin, the essential presence aluminous schists as a le black powder, 
of alkali in the crystals was not recognised. disseminated throughout the mass, and not 

Very pure alum is prepared in small quan- distinguishable to the eye. The rapid oxidation 
tities at Solfatara. The natural alum found there of these minerals under atmospheric influences 
is digested with water in large wooden vats under or heat is due to this state of fine division* 
cover, and maintained at about 40° by the A luminous earths are dark brown, friable, 
natural heat of the soil. The solution is de- porous masses without structure, and contain 
canted and crystallised. A second crystallisation less silica than tho schists. They usually oocur 
produoes extremely pure alum. in layers with lignite. 

Production of alum from alunite .—The pre- Production of alum from aluminous shale .— 
paration of alum from alunite is an industry Tho more earthy shales are porous, and if piled 
whioh dates from vdry early times. Of Oriental in heaps in the open air and occasionally mois- 
origin, it appears to have been introduced into tened undergo spontaneous oxidation, with tho 
Europe in the thirteenth century, and during formation of sulphates of iron and aluminium, 
the fifteenth oentury several alum works were Usually they require roasting, and when not 
established. Amongst the^e may be mentioned sufficiently bituminous for combustion, are first 
the celebrated works at La Tolfa near Civita mixed with fuel. 

Vedhia, a district in which alum manufacture The coarsely broken shale is built up with 
still ranks aB an important industry. alternate layers of coal into heaps, which are 

The outlino of the La Tolfa process given ignited. As the mass bums, fresh quantities of 
below is of historical interest. The mineral, the mineral are added, until a sufficient mass of 
broken into lumps of moderate size, is calcined material has been accumulated. By pumping 
at a low red heat, either in heaps or in kilns, water over the surface at intervals the tempera- 
The operation requires to be carefully performed, ture is regulated to a degree suitable for rendering 
and is stopped as soon as tho mineral b'egins to the decomposition as complete as possible. Top 
evolve acid fumes. The calcination occupies high a temperature is to be avoided, as it 
about six hours and results in a loss in weight results in the loss of sulphur dioxide and the 
amounting to about 33 p.c., chiefly due to the formation t of a slag.* During tho combustion 
expulsion of water; at tho same time the basic of the shalo the pyrites is decomposed, giving 
sulphate is decomposed, yielding alum and in- up a portion of its sulphur, which is converted 
soluble alumina. The roasted mass is trnns- by burning into sulphur dioxide, and this in 
ferred to brickwork bins and exposed to the conjunction with atmospheric oxygen attacks 
air for several months, during which time it tho clay, forming aluminium sulphate. The 
is occasionally moistened. The resulting sludge calcined mass is allowed to remain exposed to 
is lixiviated with water at 70°, and the dear tho air for a considerable period, during whioh 
decanted liquor concentrated. The crystals of a further absorption of oxygen takes place, 
alum which separate ©n cooling are cubic and resulting in the conversion of the lower sulphide 
have a reddish tinge owing to the presence of of* iron into ferrous sulphate and ferric oxide, 
suspended ferric oxide; this may be removed Lixiviation. —This operation is carried out 

by recrystallisation. The amount of soluble iron in large load-lined boxes with perforated bottoms, 
present is stated to be less than 0*005 p.c. The the filtering bed being formed of timber topped 
product, known as Homan alum, was in former with brushwood. A layer of the roasted mineral 
• times highly valued on account of its great about 13 inches deep, is introduced and its 
purity. extraction is effeoted, first with the mother 

In the modem process, employed on the liquor from the alum crystallising pans, and later 
Continent, the alunite is oaloined at a higher with pure water, the liquid in each case being 
temperature and the produot treated with left overnight in contact with the material 
sulpnuric acid, whereby aluminium sulphate is The exhausted mineral still contains a 
formed from the excess of alumina, and passes considerable amount of alumina and sulphurio 
into*solution together with the alum. The aoid. The liquors, whioh have a density of 
latter is either orystallised out, and the more 1*09 to 1*15, are run into settling tanks and 
soluble aluminium sulphate recovered as such allowed to deposit oalcium sulphate, ferric oxkle, 
from the mother liquors, or sufficient potassium and other suspended impurities, and are then 
* sulphate is added to convert the wholo of the removed for concentration. The method adopted 
. jduminium sulphate into alum. for this purpose varies according to the nature 

According to C. Sohwartz (Ber. 17, 2887), of the mineral under treatment. In the case 
the best temperature for the roasting is 500°, of shales from Hurlet and Campsie the ooDoen* 
and the acid used should have a density between tration is effeoted by surface evaporation in a 
1*297 and 1*530. L. Geschwind (Manufacture reverb*ratory furnace. 

of Alum and the Sulphates of Alumina and The bed is of stone, coated with well-rammed 
Iron, 1901), however, states that in France a clay, 4 or 6 feet wide, 2 or 3 feet deep* 30 or 40 
temperature of about 1000° is employed. feet long. It is filled to the brim with strong 

Formerly, the greater portion of the alum liquor, and the flame and hot air from the fire 
manufactured in England was prepared from oam^d over it. As evaporation proceeds, more 
ahrnr shale (alum ore)* alum schist, and similar liquor is added until the proper concentration 
minerals, which occur ir* large quantities at is reached. It is then run into leadtn pans, 
Whitby in Yorkshire, Hurlet and Gampaie in concentrated to about 1*4 sp.gr. and oonveyed 
Scotland, in Sweden, Norway, Belgium, and in to a precipitating cistern containing the reauisite 
several parts of Thuringia, Westphalia, Ac. quantity of dry potassium ohloriae; "the liquid 
7* These minerals are mixtures of aluminium is well agitated and the chloride soon dissolves. 



A4uu*a 


la about 5 days the liquor is drained from the I improvement was introduced by the late Peter 
lawecryBtals, which are washed and reorystalliaed. | Spenoe; his method was soon generally adopted 


The Whitby shales differ from those at 
Hurlet, in that they contain a considerable 
quantity ,of magnesia whioh passes into the 
extract in the form of magnesium sulphate. In 
this case surface evaporation is not satisfactory 
on account of the formation of a crust of this 
salt whioh retards evaporation. The evapora¬ 
tion of the liquor is carried out, therefore, in 
leaden vessels, until a sp.gr. of 1-125 to 1*137 is 
reached, after whioh the solution is allowed to 
stand until clear. The concentration is con¬ 
tinued up to sp.gr. 1 *26, at which stage a sample 
of the liquor is#withdrawn and the percentage 
content of aluminium sulphate determined. 
After further evaporation to a density of 1-4 to 
1*5, the hot liquor is run into a precipitating 
tank and mixed with a saturated solution of 
the calculated quantity of potassium chloride 
or sulphate, the whole being kept in constant 
agitation to induce the formation of small 
crystals (alum meal). 

When much ferric sulphate is present in the 
solution, the addition of potassium sulphate 
would produce iron alum, isomorphous with ordi¬ 
nary alum, which would crystallise out and con¬ 
taminate the product. The use of potassium 


both in England and on the Continent. 

Another great advance was made by Spenoe 
in 1845 in the manufacture, by the treatment 
of tho refuse shale underlying the coal-seams 
of South Lancashire. This shale contains from 
5 to 10 p.c. of carbonaceous matter. It is 
piled upon rows of loosely placed bricks (to 
allow a free passage to the air) in heaps 
4 or 5 feet high and 20 feet long. The oom- 
hustion is started with a little fuel, but the shale 
contains sufficient combustible matter to con¬ 
tinue burning. The caloinfftion is performed 
slowly at a heat below redness. In about 10 days 
the roasting is completed, and the material has 
become soft, porous, and light red, whilst the 
alumina contained in.it has become anhydrous 
and soluble in sulpliurio acid. Too high a tem¬ 
perature, however, partially vitrifies it, in w®ch 
case it is only slowly attacked by acid. Charges 
of 20 tons are placed in large covered pans 40 
feet long, 10 feet wide, and 3 feet deep, lined 
with lead, and arc digested for about 48 hours 
with sulphuric aoid (of sp.gr. 1-35) at 110*, 
the temperature being maintained by fires be¬ 
neath the boilers. Formerly ammonia was forced 
into the liquid" from a boiler containing gas 


chloride prevents this, by producing the easily | liquor; ammonium sulphate was thus produoed, 
soluble ferric chloride, wlyle ferroua salts aro with considerable riso of temperature, and coin- 
converted into the equally soluble ferrous bined with the aluminium sulphate forming am- 
chloride, an equivalent amount of potassium monium alum. The solution of alum so pro¬ 
sulphate being formed at the same time. Chloride j duced is run into cisterns 29 feet by 17 feet, and 
of potassium is generally employed in preference 1| feet deep, in which it is kept in constant 
to the sulphate, whenever sufficient iron sulphate j agitation. In about 14 hours the Bmall crystals 
is present to supply the requisite amount of sul- j so formed are drained, washed with some 
phurio acid for the formation of alum ; its j mother liquor from ‘ block alum,’ and dissolved 
greater solubility is also in its favour. Too much by a process known as * rocking ’ for the pro* 
ohloride should be carefully avoided, for after j duction of pure block alum. For this purpose 
the iron sulphates have been decomposed, the thoy are introduced into a hopper,# at the 
aluminium sulphate is itself attacked, with the bottom of which they encounter a current of 
production of the very solublo chloride, which j steam at a pressure of 20 lbs. per sq. inch, both 
is lost. | steam and crystals being supplied in such 

The alum meal, consisting of small brownish i proportions that all the crystals are dissolved, 
crystals, is drained and washed twice with cold j while no steam is wasted. In this manner 4 
water. The adhering mother liquor, containing tons of crystals may be # dissolved in 30 or 40 

_v. __i int/i « load An tank. 


much iron, is thus removed, and the meal is left 
nearlv pure. The final purification is effected by 
dissolving in a minimum quantity of boiling 
water and allowing the solution to stand for 
about eight days in casks furnished with movable 
staves. At the end ol this period the staves 
are removed, and after two or three weeks 
further standing, the blo9k of crystals is pierced, 
the jaaother liquor drained off and employed for 
dissolving fresh quantities of meal. 

The mother liquor from the alum meal has a 
Bp.gr. of about 1*4; it contains sulphate or 
chloride of iron, magnesidln sulphate, &c., and 
will yield more alum on evaporation. In a final 
evaporation it yields ferrous sulphate in fine 
green crystals. When iron is present in large 
quantity, the liquors are evaporated and the 
ferrous sulphate crystallised out before the ad¬ 
dition of the potassium salt. In this case the 
iron salt is less pure and less soluble, but the 
alum subsequently produced contains less irffn. 

Formerly, potassium alum was alone pro¬ 
duoed. In 1845, however, the potassium sul¬ 
phate was replaced by the ammonium sulphate 
produoed frgm the then waste liquors from gas 
works, yielding ammonium alum. This great 
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minutes. The solution iB-run into a leaden tank, 
and, after a time, treated with a small quantity 
of size, which precipitates a quantity of insoluble 
matter. The clear liquid is next run into tubs 
about 6 feet high and 6 feet wide, tapering 
upwards, with movable lead-lined staves. After 
some days the staves are removed and a hole 
is bored in the mass of crystals for the removal 
of the liquor. Each block weighs about 3 tons, 
while the mother liquor contains about 1 ton. 

To produce 1 ton of ammonium alum by 
this method on an average about 15 owtB. of the 
shale is required. 

A great advantage of this process is the 
speed with which the crude material is con¬ 
verted into marketable alum. By the old pro¬ 
cess twelve months was required for this con¬ 
version, whilst by Spence’s process the whole 
operation is performed in one month. For this 
process Spence was awarded the medal for 
alum manufacture at the Exhibition of 1862, at 
which date he manufactured 150 tons of alum 
weekly, over one-half the total production of 
England ( v * Hofmann’s Report on Chemioal 
Processes at the Exhibition of 1862, p. 62, and 
J. Carter Bell*Chem. News, 12, 221). 
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Alum 1 b also produoed by the addition of 
potassium sulphate to aluminium sulphate, pre* 
pared by any of the processes already described. 
It is prepared in great purity from the sulphate 
produced from cryolite; 1 ton of cryolite pro¬ 
duces 3 tons of alum (t>. Sodium aluminate). 

Many other pj-ocesses have been proposed 
and used for the preparation of alum. 

Spence, in 1870 (Eng. Pat. 1670), patented a 
method of preparing alum from mineral phos¬ 
phates, especially that from Redonda neaT 
Antigua, which contains 26-1 p.c. of alumina as 
phosphate with ferric oxide and silica. It is 
calcined at a red heat to render it porous, 
powdered, and digested with sulphuric acid of 
sp.gr. 1*6 in quantity proportional to the amount 
of mumina, in lead-lined vessels, heated by steam. 
The liquid is concentrated to a density of 1-45, 
and treated with the requisite amount of potas- 
shjfll sulphate to convert the whole of the 
alumina into alum. Phosphate containing 20 
p.p. of alumina yields about 1J times its weight 
of alum, from which, however, the last traces 
of phosphoric acid are removed with difficulty. 
The phosphoric acid in the mother liquors is 
valuable as a manure. 

Methods have frequently been proposed for 
the preparation of alum from felspar. Ordinary 
felspar contains both potassium and aluminium 
combined with silica in larger proportions than 
are contained in alum ; the problem to be solved 
is the substitution of sulphuric acid for silica. 
A method adopted by Turner, said to have been 
originated by Sprengol, consisted in the ignition 
of a mixture of one part of the powdered mineral 
with one part of potassium bisulphate until 
fused; one part of sodium carbonate was then 
added, and the whole again fused. The mass 
was boiled with watpr and the insoluble double 
silioat© Remaining’ was decomposed by hot sul- 

f )hurio acid of sp.gr. 1-20, and the alum crystal- 
ised out. On account of the high temperature 
required, this process was not successful. 

At the present timo the bulk of the alum 
manufactured in England is prepared either 
from shale or alunite or from the aluminium 
sulphate derived from bauxite or china clay. 

For the more delicate dyes the alum used 
must be of extreme purity. Samples containing 
even less than O’OOl p.c. of iron may be unsuit¬ 
able for certain purposes. The percentage of 
iron in alum or in aluminium sulphate is usually 
determined by means of a solution of ammonium 
thiocyanate standardised with iron alum. Many 
precautions are necessary in performing the 
analysis {v. Tatlock, J. Soc. Chem. Ind. 1887, 
276 ; G. Lunge, Mon. Sci. 1897, 160). 

Potash alum crystallises with 24 molecules 
of water, in crystals belonging to the cubio 
system, usually in large colourless octahedra of 
sp.gr. 1 *751 (Ketgers, Zeitsch. physikal. Chem. 
B, 289 ; J. B. 1889, 148). 

I)e Boisbaudran has also obtained it crystal¬ 
lised with hemihedral faces of the tetrahedron. 
The crystalline form is affected by the preseno© 
oLother substanoeB in solution, and by the tem¬ 
perature. When formed at ordinary tempera¬ 
tures in the presence of, basic alum, the crystals 
are#cubes, frequently dull on the »urfaoe from 
the presenoe of the 'basic salt; fof this reason 
Roman alum usually forms cubes. At 40° C., 
oven in presence of basic salts, Octahedra are 


Potash alum possesses the property of 
crystallising with hydrogen peroxiae (Will- 
statter, Ber. 36, [1003] 18&). 

According to Poggiale (Ann. Chim. Phys. [31 
8, 467), the Bolubility of potash alum and of 
ammonia alum is as follows :— 

100 parts water dissolve : 


‘C. j 

Crystallised i 

Crystallised 

Potash aluin. j 

Ammonia alum. 
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10 
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100 1 

1 

357-5 

421-9 


Conductivity determinations, made on alum 
solutions of different concentrations, indicate 
that even at moderate dilutions the alum is 
resolved into its component salts. 

Potash alum possesses a sweetish astrin¬ 
gent taste and a str-pngly acid reaction. The 
aqueous solution decomposes when heated with 
precipitation of a basic alum, especially when 
dilute. For this reason a small quantity, not 
sufficient to be distinguished by taste, is fre¬ 
quently added to impure water. The gelatinous 
precipitate carries with it the colouring matter 
and most of the organic impurities, producing a 
slimy deposit. 

Alum is almost insoluble in a saturated solu¬ 
tion of aluminium sulphate, and is quite insoluble 
in alcohol. On exposure to air, the crystals 
become white on the surface. This chango is 
due, not to the loss of water, but to the absorp¬ 
tion of ammonia from the air, with formation of 
a basic salt. Below 30° C. they lose no water; 
at 42° C. they evolve 11 molecules (Juttke, 
Chem. Zentr, 18, 777). In a closed vessel over 
sulphuric acid they lose 18 moleoules at 61° C. 
(Graham) and become slowly anhydrous at 
100° C., more rapidly in a current of air. Alum 
melts in its water of crystallisation at 92‘5° C., 
and when heated to dull redness is converted 
into a porous friable mass, slowly soluble in 
water, known as ‘ burnt alum.’ At a white 
heat alumina and potassium sulphate alone 
remain. 

When burnt alum is mixed with one-third 
its weight of carbon apd heated to redness, the 
residue is spontaneously inflammable on acoount 
of the presence of finely divided potassium 
sulphide, and is known as Homberg’s pyro- 
phorus. By fusing alumina with potassium 
bisulphate and digesting the mass in varm 
water, anhydrous potassium alum may be 
obtained in crystals of which 6 parts are soluble 
in L00 of water at 10 9 C. and 74*6 parte at 
KXr C. (Salm-Horstmar, J. pr. Chem. 52, 319). 
V On the addition of caustic soda or sodium 
carbonate to a solution of alum until the pre¬ 
cipitate at first produced is only just redissolved 
on agitation, t'.e, when two-thirds of the acid has 
been neutralised, the solution contains a neutral 
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basic alum, known as neutral ahm, together 
with sodium sulphat* This solution, on. ac¬ 
count of the ease with which it gives up its 
excess of alumina to the fabric, is used by dyers 
as a mordant. Commercial potash alum is 
frequently mixed with ammonia alum. I 

Alum is extensively used as a mordant in 
the dyeing industries, and in the production of 
other aluminium mordants suoh as the acetate, 
sulphoacetate, &c., employed in dyeing and 
printing and for showerproofing fabrics. The 
alum used for dyeing with alizarin rod must 
be free from iron, otherwise dull shades are 
produced. It i^also employed in the manu¬ 
facture of lake pigments, in the dressing of 
skins (‘ tawing ’) to produce white leather, in 
sizing paper, and in the production of fire¬ 
proofing materials. »In most of its applications, 
however, it is being replaced by aluminium 
sulphate, the use of which is considerably more 
economical. 

Sodium alum, Soda alum 

Na 2 S0 4 ,Al 2 0 3 (S0 3 ) 3 ,24H 2 0 

occurs as mendozite in S. Amenoa and in Japan 
(Divers, Chem. News, 44, 218). 

This alum was prepared by Zellner in 1816, 
by the spontaneous evaporation of a solution 
containing sodium and aluminium sulphates. 
Its existence, disputed by*Ostwald, ^ias been 
established by Wadmore (Chem. Soc. Proc. 
21,150 ; O.-B. 1905,11,18), who from a solution 
of the mixed sulphates obtained octahedral 
crystals having the above composition. From 
a hot concentrated solution it is deposited on 
cooling as a pasty mass which slowly becomes 
crystalline. Contrary to the statement fre¬ 
quently made, the crystals do not appreciably 
effloresce in tbe air. 

Technically, soda alum may be prepared 
in the following manner:—To a solution of 
aluminium sulphate containing C75 grams of 
the crystalline salt per litre, and maintained at 
a temperature of 50° C. to 60° C., is added a 
solution of sodium sulphate containing 140 
grams of the anhydrous salt per litre, until the 
liquid attains a density of 1 *35; crystals of 
soda alum separate on cooling. The crystallisa¬ 
tion should be effected at a temperature between 
10° C. and 25° 0.; at 28° 0. the formation of 
crystals proceeds very slowly, whilst below 
10° C. separation of sodium sulphate occurs 
(Augtf, D. R. P. 1899, 60323 ; J. 1890, 2035). 

Mosers. F. M., D. I)., and H. Spence (Eng. 
Pat. 1900, 5044) prepare a solution of sodium 
sulphate saturated at 40° C. to 50° C\, which is 
allowed to cool during agitation until a consider¬ 
able proportion of decahylrated crystals have 
separated. The mixture of liquid and crystals 
is then run into a solution of aluminium sulphate 
containing the solid salt in suspension. Tnere 
is thus obtained a large crop of well-defined 
soda alum crystals. Alternatively, the solid 
aluminium sulphate may be added to a suitable 
solution of sodium sulphate or chloride, in which 
either salt may be suspended in the solid stat£ 

Soda alum is much more soluble at ordinary 
temperatures than potassium or ammonium 
alum, in consequence of whioh it is more 
difficult to purity from iron. On account of 
the lower cost of sodium salts, it would be 
hugely used in place of other and more ex¬ 


pensive alums, If it could be easily purified by 
crystallisation (see Eng. Pat. 1881, 5650). 

Soda alum crystallises with 24 molecules 
of water in regular octahedra, having a sp.gT. of 
1 *667 (Soret). At 10*6° C. 100 parts of water 
dissolve 107T1 parts of the ^um (Wadmore); 
according to Ure, the solution saturated at 
15 “5° C. contains 110 parts of the alum in 100 
of water, and has a density of 1*296. Soda 
alum is insoluble in aloohol. 

Ammonium alum, Ammonia alum 
(NH 4 ) 2 S0 4 ,Al a 0 8 (S0 # ) 8 ,24H l 0 

occurs as Tschermigite in Bohemia, and in the 
crater of Mount Etna. 

Its preparation is analogous to that of 
potash alum, a solution of aluminium sul¬ 
phate, prepared by an^ of the methods already 
described, being treated with the equivalffitt 
quantity of ammonium sulphate, and the alum 
separated and purified by crystallisation. 

Ammonia alum crystallises with 24 mole¬ 
cules of water in regular octahedrq, having a 
conchoidal fracture and a density of 1*681 
(Soret). At ordinary temperatures it is less 
soluble in water than potassium alum (t>. Table 
of. solubilities, -under Potassium alum). The 
saturated solution boils at 110*6° 0., and con¬ 
tains 207*7 parts of the alum to 100 parts of 
water (Mulder). When heated the crystals 
swell up and form a porous mass, losing water 
and sulphurio acid; at a high temperature 
alumina alone remains. This serves as a useful 
method for the production ot very pure alumina. 

In its general properties and uses, ammonia 
alum closely resembles the corresponding 
potassium compound. G. H. B. 

ALUMNOL v. Synthetics Drugs. 

ALUM-SHALEi A kind of shale oy slat* 
containing disseminated iron-pyrites, which, on 
prolonged exposure to the weather, gives, alu¬ 
minium sulphate, owing to the action of sul¬ 
phuric acid (from the decomposition of the 
iron-pyrites) on the clayey material. The heaps 
of weathered shale are leached with water, and 
to the solution of aluminium sulphate and 
sulphuric acid so obtained potashes are added. 
The alum obtained by the evaporation of this 
solution is purified by recrystallisation. The 
alum-shales of Liassic age on the coast of 
Yorkshire, in the neighbourhood of Whitby, 
have been largely worked by this method since 
the time of Queen Elizabeth, but now the 
industry has become extinct. At Alum Bay 
in the Isle of Wight clays of Tertiary age were 
formerly used in the manufacture of alum, as 
early as 1579; and in the early part of the 
eighteenth century the Kimmeridge clay in 
Kimmeridge Bay, Dorsetshire, was also so 
used. Pyritous shales of Carboniferous age 
were formerly worked at Hurlet in Renfrewshire,- 
large works for "the extraction of alum having 
been erected here about the year 1800. Alum- 
shales in the coal-measures of the West Riding 
of Yorkshire are, however, still worked to a 
small extent near Rotherham, Barnsley, and 
Darton. Here the iron-pyrites is more effici¬ 
ently and quickly oxidised by roasting the shale, 
which is afterwards steeped in shallow pit*, and 
the concentrated liquor treated with potassium 
chloride. • 

Reference. —Special Reports on th<^ Mineral 
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Resources of Great Britain, vol. v. Mem. Geol. 
Survey, London, 1916. F. Alums , art. Alumi¬ 
nium. L. J. S. 

ALUNDUM. A form of fused alumina 
manufactured as a refractory material and 
abrasive. As used in the preparation of 
refraotory articles it is a white crystalline pro¬ 
duct containing less than 1 p.c. of impurities 
(oxides of iron, titanium, and silicon); it melts 
at 2050°-2100 D , and its coefficient of linear 
expansion is 0-0000078. A less pure form con¬ 
taining 6-8 p.e. of impurities and of a reddish- 
brown colour is -also employed; it melts at 
about 60° lower than the white variety, and its 
coefficient of expansion is 0•0000085. Alundum 
does not soften when within 100° of its melting- 
point.; sp.gr. 3*93—4*0; hardness 9-10 (Mob's 
scale). Thermal conductivity 2-4 times that 
oJ|most, fire-clays. Not attached bv aqueous 
acids and alkalis, and only very slightly by 
fused alkali carbonates. Dissolved with diffi¬ 
culty by fused slags both acid and basic, more 
readily by the former. Iter the preparation 
of shaped articles it is mixed with a refractory 
binding agent, moulded, and fired m a ceramic 
kiln; the articles are usually more*refractory 
than amorphous alumina. When treated with 
8ulphurio or hydrochloric acid they lose up to 
0 03 p.c. of their weight but are then quite 
unaffected.* Tho articles are porous, and cannot 
be used where gas-tight vessels are required, or 
as protecting tubes for pyrometers. The 
melting-point of the bonded articles is never 
below 1950°, and they possess great strength, 
both tensile and compressive ; electrical resist¬ 
ance 476xlO 6 ohms, at 535°, 49/10 5 at 721°, 
24x 10 B at 908°, and 7'5x 10 c at 1040°. Alun¬ 
dum muffles last 4-5 ( timos as long as clay mu (tics, 
and are more refractory arid have a higher 
tensile' strength than quartz. Crucibles of 
alUndum can be used for melting metals, even 
platinum. On account of their porosity they 
cannot be used for melting slags or salts, but 
this quality makes them specially suitable as 
a substitute for Gooch crucibles; no asbestos 
filler-layer is required, and the porosity can be 
so controlled that the finest precipitates may 
be collected in them. Alundum extraction 
thimbles can be cleaned by simple ignition. 
An alundum cement is made for lining crucibles 
and furnaces; it does not melt or combine with 
carbon below 1950°. Alundum bricks have been 
ujsed in place of silica for the roofs of electric 
furnaces (Saunders, Amer. Electrochem. Soc. 
1911; Met. and Chem. Eng. 1911, 9, 258; 
J. Soo. Chem. Ind. 1911, 30, 686). 

ALUNITE or ALUM - STONE. Hydrated 
basic sulphate of aluminium and potassium 
KA1,(S0 4 ) 2 (0H) # , containing theoretically 11 4 
p.c. of potash. The potash may, however, be 
+ replaoea isomorphously by soda with a passage 
from * kalioalunite ’ to ‘ natroafcmite * (Analysis, 
VI). Further, the material is often impure 
owing to admixture with silica and clayey 
jnatter. The mineral is usually found as white, 
grey, or pinkish, compact and granular masses, 
somewhat resembling Qhalk, limestone, or marble 
ip appearanoe. Sp.gr. 2*58-2*75. .Occasionally, 
minute glistening crystals, which’belong to the 
rhorabohedral system, are found in cavities in 
the massive material. The following anal^fl' B 


South Wales (I pale pink, and II chalky white 
containing more silica); ill and IV, Marysvale 
Utah (III of selected clear pink, translucent 
coarsely granular material, and IV of compact 
fine-grained, porcelain-likc material); V, 1 cata 
fatite ’ from Benahadaux, Almeria, Spain 
VI, white, chalky ‘ natroalunite ’ from Funera 
Range, Death Valley, California. 



T. 

11. 

III. 

IV. 

V. 

VI 

AI.O, 

37-62 

37-37 

3718 

34-40 

37*98 

38-4 

I'XOj 

0-2(1 

0-27 

trace 

trace 

— 

— 

K.,0 

0-51 

6-68 

10-40 

9-71 

9-64 

1-0 

Na.O 

M2 

1-08 

0-33 

0-60 

— 

6 * 8 : 

so. 

36-76 

22-09 

38-34 

3R-5h 

34-77 

25-0 

SiO, 

1-92 

19-34 

0'22 

5-28 

— 

10-2 

r.o 5 

trace 

trace 

0-58 

0-50 

— 

— 

H.O 

13-19 

13-86 

12-90 

13-08 

17*61 

17*6 

Moisture 0-06 

0-46 

0 09 

0-11 

— 

— 


100-34 100-15 100 10 100-18 lOO’OO 982 


The mineral mostly occurs in connectio: 
with volcanic rocks, having been formed by th 
action of Bolfataric vapours on such rocki 
Jn some cases, however, it may have been forme 
by the action of decomposing iron-pyrites o 
clay. Extensive deposits have long been know 
at Tolfa near Rome, Montioni in 'Tuscany, an 
Musa/, and Bercghszasz in Hungary. A 
important deposit,’'forming wide veins in vo 
canic rock (andesite or dacitc), has been dii 
covered and mined near Marysvale in Utal 
A detailed description of this, together with 
risurrU of the published descriptions of oth< 
deposits of commercial importance, has bee 
given by B. S. Butler and H. S. Gale (Bui 
IJ.S. Geol. Survey, 1912, No. 611, pp. 1-64 
Other localities are in Colorado, Nevada, Cal 
fornia, and Arizona ; Kyuquot Sound, Vancouvi 
Island, British Columbia; Bullahdelah, i 
miles north of Newcastle, New South Wales 
Carrickalinga Head, on St. Vincent Gulf, 4 
miles south of Adelaide, South Australia 
Warnertown, near Port Pirie, South Australia 
and near Sunbury, Victoria. (On the Australia 
deposits, see E. F. Pittman, The Mineral Ri 
sources of New South Wales, Dept, of Mine 
N.S.W.,1901. The AluniteDeposits of Austral 
and their Utilisation, Advisory Council < 
Science and Industry, Commonwealth < 
Australia, Bull. No. 3, Melbourne, 1917 
Extensive deposits have also been found nes 
Benahadaux, 10 km. from the port of Aimer 
in Spain (S. Calderon, Los minerales de Espafii 
1910, ii. p. 205). 

Since the fifteenth century this mineral hi 
been exploited at Tolfa near Rome, for tl 
manufacture of potush-alum; and the hard 
and more compact varieties from Hungary ha - ' 
been used for millstones. Now, however, tl 
mineral is of considerable importance as a sour 
of potash. When ignited, it gives off all i 
water and three-quarters of its sulphuric aci 
there remaining alumina and potassium sulphat 
92 p.c. of the whole of the latter being eapab 
of extraction in solution by this method. Whi 
roasted at a lower temperature, aluminium ai 
potassium sulphates can be extracted by lixivi 
tion and crystallised as potash-alum.. Deta 
of the metnods of treating the mineral 
practised in Australia and Utah are given in tl 
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used directly as an artificial manure; but, ! nesium, potassium, silver, sodium, tellurium, 
since the potash is not present in a soluble i thorium, tin, zino, and load may be obtained, 
form, better results artfobtained by first roasting. 2. Mercury is brought into oontaot with a 

L. J. S. j saturated solution of a salt of the metal, when 
ALUNOGEN. Hydrated aluminium sulphate I part of the mercury goes into solution and the 
Al a (S0 4 ) B ,18H s O, occurring as a white, delicately ! remainder combines with the liberated metal; or 
fibrous efflorescence on shale and other rocks, better still, zino or sodium amalgam is employed, 
It has been formed by the action on the alu- when the zino or sodium displaces the metal in 
rninous rock of the produots of decomposition the solution. By this method amalgams of bis- 
of iron-pyrites. A trace of iron sulphate is muth, calcium, chromium, iridium, iron, magne- 
often present, imparting a yellowish or reddish sium, manganese, osmium, palladium, and stron- 
colour to the mineral. L. J. S. tium may be prepared by using sodium amalgam, 

ALVA or ALFA v. Esparto. and cobalt and nickel by using zino amalgam 

ALVELOS. A name applied to the Euphorbia (Moissan, Compt rend. 1879 f Chem. News, 39, 
heterodoxa (MueM.), growing in Brazil, the juice 84). 

of which has been used as a cure for cancer 3. The metal to be amalgamated is placed in 
(Pharm. J. |3] 15, 014). a solution of a mercury salt.; copper may be 

ALYPINE. Trade narao for benzoylletra - amalgamated by this process. 
viethyldiaminoelhyldimd/iylcarbinol hydrochloride. 4. The metal is placed in contact with 
i'u xr/r<u mercury and dilute acid; this is the method 

Cil a N(CH 3 )j usually employed in amalgamating zinc. Iron, 

I, aluminium, palladium, nickel, and oobalt may 

b G 0 CO Cs be made to combine with mercury by this process 

I t if they be placed in contact with a stick of zino 

CH a N(CHj), (Casftinajor, Chem. News, 34, 36 ; Arch. Pharm. 

Employed in place of cocame and stovaine as [3J 11, 64; Chem. Soc. Trans. [2] 34, 474). 
an anaesthetic and as a remedy for vomiting Amalgams are also formed when meroury is 
and in the treatment of diseases of the upper used as the cathode in the eleotrolysis of salt 
respiratory passages and of the organ of hearing, solutions ; a number of metals can thus be 
Used also in veterinary practice in place of obtained as amalgams, although thev cannot be 
cocaine. obtained directly in the free state by the eleo- 

lt ooours in crystals, m.p. 169°, sol. in trolysis of aqueous solutions, 
water, forming a neutral solution. Aqueous The combination of sodium with meroury by 
solutions may bo sterilised without undergoing method 1 takes place with great energy, heat 

decomposition by boiling from 5 to 10 minutes and light being produced. The preparation is 

(Neustatter, Pharm. J. 1905, 869). beat carried out by combining a small portion of 

(For distinctive reactions, v. Leinaire, Rep. the mercury with the sodium, and then adding 
Pharm. 1906, 18, 385.) (*;. Synthetic drugs.) the remainder to the amalgam. 

AMADOU or GERMAN TINDER. ( Amadou, , Native amalgams are fqund in various parts 
Fr. ; Zunderschwamm, Ger.). A spongy com- of the world. r l7ic ( able on next page contains 
bustible substance, prepared from a species of the analyses of a few. 

fungus, Fotnea (Polyporus) igniarius, the * false 1 Gold and silver in the metallio state can be 
tinder-fungus, which grows on the trunks of the extracted from their ores by grinding the ores 
oak, but also on alder, willow, and various other and making them pass through mercury, 
trees. It must be plucked in the months of although this process is now largely replaced by 
August and September. It may also be pro* the modern oyaniding njpthods. (For details,*;, 
pared from Forties ( Polyporus) fomentarius , the these metkla; and May, J. Soc. Chem. Ind. 4, 
true tinder-fungus, also indigenous, found 352 ; Moon, id. 4, 678; Miller, id. 4, 122; 
especially on the beech, elm, and various fruit Whitehead, id. 4, 503; Fisher and Waber, id* 
trees. It. was formerly used in surgery, and has 4 , 351; Barker, Dingl. poly. J. 251, 32 ; Body, 
hence been called surgeons’ agaric. Amadou is id. 252, 33; Molloy, id. 254, 210; Bonnet, uL 
prepared by removing the outer rind and oare- 254, 297; Cassel, id, 257, 286; Jordan, id. 258, 
fully separating the yellow-brown spongy sub- 163; Hollick, id. 258,168.) When tho mercury 
stance which lies within it. This substance is has taken up a quantity of gold, the amalgam 
out into thin slices, and beaten with a mallet to is squeezed through chamois leather, when the 
soften it, till it can be easily pulled asunder greater portion of the gold is left, oombined 
between the fingers. In this state it is useful with a little mercury, as a pasty mass. Kazant- 
in surgery. To convert it into tinder, it is seff (Bull. Soc. chim. [2] 30, 20; Chem. Hoc. 
boiled m a strong solution of nitre, dried, beaten Trane. [2] 34, 937) finds that the mercury which 
anew, and put a second time into the solution, escapes contains at ordinary temperatures 0*126 
Sometimes, to render it very inflammably it is p.c. of gold, at 0° 0*110 p.c., and at 100* 
imbued with gunpowder, whence the distinction 0*650 p.c., thus behaving like an aqueous 
of 4 black ’ ana 4 brown * amadou. solution. 

AMALGAM. An alloy of mercury with some Berthelot found that the solution of definite 
other metal or metals. amalgams in different quantities of mercury, like 

There are fear general methods for preparing the solution of salts in water, absorbs a constant 
amalgams. amount of heat; thus the heat of solution of an 

1. Metallio mercury is brought into contact amalgam of which the composition corresponds 
with the other metal, either in the solid or in a with the formula Hg 94 K in four times its weight 
finely divided state at the ordinary or at a of mercury il—8*0 kil. deg. of heat, and in twenty 
higher temperature. In this way amalgams of'times —9*0 kil. deg. (Compt. rend. 89, 465; 
antimony, arsenic, bismuth, cadmium, mag- Chem. Soo. Ahstr. 38, 1). 
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According to Berthelot, the maximum heats 
of formation for amalgams of potassium and 
sodium are 34*2 and 21*1, corresponding with 
crystalline amalgams containing 1*6 p.c. of 
potassium, and 2 p.c. of sodium respectively. 
In these amalgams the relative affinities of the 
free alkali metals are inverted : this explains 
Kraut’s and Popp’s observation that sodium 
displaces potassium when potassium hydroxide 
is treated with sodium amalgam, the final result 
being the formation of an amalgam of composi¬ 
tion Hg I4 Na (Compt. rend. 88, 1335). 

The views formerly held on the constitution 
of amalgamB and particularly on the existence of 
definite amalgams of the nature of chemical 
compounds of mercury and tho alloyed metal, 
have been profoundly modified by the study of 
these bodies by the methods of metallography 
{v. Metallography)/ The amalgams are found 
to be stiyotly analogous to other alloys, but their 
peouliar behaviour arises from the fact that they 
are frequently met with in a range of temperature 
which lies between the commencement of solidifi¬ 


cation and final complete crystallisation. It has 
been shown that a number of supposed com- j 
pounds, of which the existence had been assumed | 
on the ground that amalgams representing them 
took the form of homogeneous crystalline bodies, 
are not true compounds, whilst definite com¬ 
pounds of different composition have been 
lOfmd. Thus, in the case of sodium and 
potassium amalgams, the compounds Hg 4 Na, 
Hg,Na, HgNa, Hg»Na 8 , Hg,Na 6 , HgNa 3 , and 
HgjK, HgK, Hg g K, Hg 6 K 2 , and Hg 9 K, have 
been recognised (Schuller, Zeitsch. anorg. Chem. 
1904, 40, 385; Kurnakoff, ibid. 1900, 23, 439; 
Jaeneoke,- Zeitsch. physical. Chem. 1907, 58, 
245). 

The amalgams of bismuth, zinc, tin, and 


compounds (Pushin, Zeitsch. anorg. Chem. 1903, 
36,»>1; Heteren, ibid. 1904,42,129 ; Kurnakoff 
and Pushin, ibid. 1903, 30, 86). 

‘ Ammonium amalgam ’ is prepared by acting 
on * saturated solution of ammonium chloride 
with sodium amalgam; the amalgam thus ob¬ 
tained soon breaks up into mercury, and ammonia 
and hydrogen gases. According to Wetherill 
(A»er. J. Sci. [2] 50, 160), this compound is 
not a true amalgam, as when an ammoniaoal 
solution is electrolysed, the negative pole being 


a spongy plate impregnated with mercury, no 
amalgam is formed. Landolt (Zeitsch. f. Chem. 
[2] 5, 429) draws attention to the fact that am¬ 
monium amalgam does not reduce solutions of 
silver nitrate, ferric ehlorido, or cupric sulphate, 
as do sodium and potassium amalgams. 

Seeley (Chem. News, 21, 265) has shown that 
on submitting ammonium amalgam to pressure, 
its volume diminishes in the same way as does 
that of a £as, and hsmee he considers that the 
ammonia and hydrogen exist in the amalgam as 
gas, and that the spongy mass is only a froth of 
mercury enclosing these gases. 

Gellatlin (Zeitsch. f. Chem. [2] 5, 607) asserts 
that when ammonium amalgam, free from 
sodium, is placed in contact with phosphorus, 
phosphoretted hydrogen is evolved, and ho 
infers that the hydrogon must be in the nascent 
state. 

Pfeil and Lippmann (Compt. rend. 62, 426) 
state that trimethylamine hydrochloride also 
forms a spongy amalgam which quickly decom¬ 
poses with evolution of hydrogen and formation 
of trimethylamine; saturated solutions of the 
hydroohlorides of aniline, coniine, morphine, 
and quinine give off hydrogen only. 

Electrical amalgam is made by melting to¬ 
gether 1 part of zinc and 1 part of tin, and then 
adding 3 parts of mercury. An amalgam of 
cadmium is used in the construction of the 
cadmium standard cell; this amalgam and its 
electrical behaviour have been studied by F. E. 
Smith (Phil. Mag. February, 1910). 

Silvering amalgams. For metals, 1 part of 
silver to 8 parts of meroury; for glass, 1 part 
each of lead and tin, 2 parts bismuth, and 4 parts 
mercury. The use of amalgams for silvering has 
been almost completely superseded by the use—in 
the case of glass—of chemically, deposited silver, 


Tflith fillings. 1. Copper precipitated from 
copper sulphate solution with zinc, washed with 
sulphuric acid containing a small quantity of 
mercuric*nitrate, and amalgamated with twice 
it8 weight of mercury (Fletoher), has the pro¬ 
perty of softening with heat and hardening again 
after a few hours. It is a permanent filling, as 
the copper salts penetrate and preserve the tooth 
substance. It has the objection of staining the 
tooth, and is only used in posterior teeth. 2. A 
palladium amalgam is sometimes employed, but 












amber. 


specimens, but reaching 8 p.o. in cloudy 
(^frothy ’) amber. It ia therefore distinguished 
by the mineralogioal name succinite, and in the 
trade the tendency is to apply the name 4 amber ’ 
exclusively to Baltic amber. The composition 
is somewhat variable, averaging C, 79 p.c.; 
0, 10 5 p.c.; H, 10’5 p.c.; »nd corresponding 
approximately with the formula CjoH lt O. 
Sulphur is also present (0*26 to 0’42 p.c.), and 
Rome ash, usually about 0'2 p.c., but increas¬ 
ing in amount i£ the material encloses foreign 
matter. Amber is, however, not a simple 
resin; when heated, it gives oil of amber {q.v.) 
and other products, and by tfle action of solvents 
at least four different kinds of resin can be ex- 
ooisonous fungus, used in ikamtsenawa «.<i, tracted from it According to 0. Helm, Bsjtio 
.Kria M anareotic and intoxicant, and, when 1 amber contains 11 to 22 p.c. of a ream (m.p. 105 ) 
- a.fly.poi 8 on. A .narcotic | -lubbmajc.hoi 


its rapidity of setting, intense black colour, and 
cost axe against its genoral use. 3. An alloy of 
silver 68-5, tin 25K gold 5, and xmo I p.o. 
(Black); or silver 695, tin 25-5, gold 4, and 
xino 1 p.o. (Tullooh), amalgamated with mer¬ 
cury, is extensively employed, as it has a good 
edge strength, and suffers little, if any, shrinkage. 
The shrinkage is the greatest difficulty to over¬ 
come in order to render alloys of permanent use 
for teeth filling, the object being to secure such 
a proportion of metals that the shrinkage of one 
may be overcome by the expansion of another, 
and so obtain a watertight plug. • W. K. 

AMALIC ACID v. Alloxantin. 

AMANITA mUSCARIA. Fly agaric. A 
poisonous fungus, used in Kamtsehatka and 

_• „ v,nvrintin and intoxicant. and. when 


organic base, muscarine. C,H , 6 N0 3 , which is the 
hydrated aldehyde of betaine, has been isolated 
from it (Schmioileberg and Harnack, J. 187«, 804). 

The natural muscarine is like the artificial 
t roduct in crystalline form, solubility, and 
composition of its plotino- and auro-chlorides, 


HUiuuic in (uiuuui, ■“* — - — '~ i. 

145°) insoluble in alcohol, but soluble in ether; 
7 to 9 p.c. of a resin (m.p. 176°) insoluble in 
alcohol and ether, but dissolving in caustic 
potash; and 44 to 60 p.c. of insoluble 
[ bitumen. 

Baltic amber is usually pale yellow, ranging 

1__In nnlnnr and ifr. 


rnmoosition of its platino- ana auro-emonaes, xmumu *muw « r -.v jv--.., .-.y,, 
and to a large extent in its physiological action, to brown or reddish-brown m colour, and it 
but unlike the artificial muscarine it docs not; varies from perfect transparency to opacity, 
induce paralysis of the intermuscular nerve-, The varying degrees of turbidity are due to the 
terminations m the frog, and myosis in the pupils presence of vast numbers of microscopio air- 
oTthe eVes of birds (Nothnagel, Ber. 26, 801). bubbles. The enclosure of insects and fragments 
It diffTbolh in constitution'an* properties of wood and dirt in amber . w^ell known and 
from anhvdro- and iso-muscarine. points at once to the mode of origin of the 

A croon and red dyo of composition J material. According to differences in colour and 

T H O and C,.H,.0, respectively, havealso transparency, various trade names are apphed, 

bjn Jolted from it (Griffiths, Compt. rend, j suohas 

AMARANTH v. Azo 


COLOURING MATTERS. 

AM ARIN. Trade name for tnpbenyldihydro- 
glyoxaiinc. 

AMATOL. A mixture of 80 parts of ammo¬ 
nium nitralo with 20 parts of trinitrotoluene 
(T.N.T.). Used as an-explosive, b'ee Explo¬ 
sives. . , 

AMAZON-STONE. A bright-green variety of 
the potash-felspar microclino (KAlSi a O K ). It is 
found in granitic rooks near Lake Ilmen in the 


4 obbcoub ’ or * bone,’ and ‘ frothy.’ The np.gr. 
ranges from 1-05 to M0 (varving with the 
porosity); and tho hardness is 2J, being rather 
higher than that of most other resins, which 
latter oan be scratched .with the finger-naiL 
The material is brittle and breaks with a oon- 
ohoidal fracture. When out with a knife, 
parings are riot obtained, but only powder. It 
can bo turned on the lathe and takes a good 
polish, being workod with whiting and water or 
rotten-stone and oil, and finished by friotion with 


found in cranitic rooks near Lake iunen w uie ra iivu- B ™.»™ -----— ----- 

Ural Mountains, at Tike’s Peak in Colorado, a flannel. When heatedf amber begins to soften 
and*of very good quality in Madagascar, it at about lSO'.ji.v.ngji charactenstio odour; 

•.-J x - „ avienf. a a a. rram.fltni 


is used to a limited extent as a gem-stone, and 
for making various small ornamental objects 
(t>. Felspar). L. J. b. 

AMBAB LIQUID v . Balsams. 

AMBATOARINITE u. Ahcvute. 

AMBER or SUCCINITE. (Bernstein, Ger.) A 
fossil resin derived from the extinct conifer 
PiniUsiuctinifer (Goppert), andfound as irregular 
nodules in strata of Tertiary age, principally on 
the Prussian coast of the Baltio. The amber¬ 
bearing Btratum lies pagly below sea-level, and 
the amber washed out by the action of the waves 
is picked up on the sea-Bhoreorwon by dredging. 
Such ‘strand-amber’ was formerly effected 
farther W68t, as far as the coast of Holland, and 
isolated specimens are picked up on the east 
coast of England (Norfolk, Suffolk, and Essex). 
At Hie present time the bulk of Prussian or 
Baltio amber is obtained from pits and mines in 
tha * blue earth ’ in Samland, East Prussia. 
Hew the production in 1907 amounted to 
401,300 kilos, and in addition about 20,000 
kilos was collected on the sea-shore. 

Baltic amber differs from other fossil resins 


it molts at 350°-375°, that is, at a higher 
temperature than other resins, giving dense white 
fumes with a peculiar aromatic odour, and 
causing violent ooughing. When rubbed it 
becomes negatively electrified (from the ancient 
name electron, for amber, the word ‘ electricity 
is derived); and when rubbed vigorously it emits 
an aromatic odour, but does not become sticky 
like other resins. These characters serve to 
distinguish true amber from the more abundant 
copal; the latter is further usually clearer, 
lighter in colour, and more gummy in appear¬ 
ance. . 

In the trade the material ia sorted into many 
grades suited for various purposes. The larger 
pieces of better quality (‘ work-stone ’) are out 
into beads and other small personal ornaments, 
and are largely used for making the month- 
pieces of tobacco-pipes and cigar- and cigarette- 
holders. Smaller and impure fragment! 
(‘ varnish ’) are melted down tor the manufac¬ 
ture of anlber varnish and lac; but in reeem 
years such material is largely converted by th« 
application o i heat and hydraulic pressure inte 
lLoLp rvf amhe.r or ‘ ambroid. About 


Baltic amber differs from other tossii ream* i application y rJETT '"About 

in containing succinic acid, which is present to j blocks of pressed amber * or •J**® ’moduced 
the extent of 3 to 4 p.c. in perfectly transparent 135,000 kilos of pressed amber is qjv p 
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annually from three times the amount of rough 
amber; it is cut for ornaments and smokers’ 
mouth-pieces. Prices (current in 1908) for 
rough ‘ work-stone ’ vary, according to size and 
quality, from Ilf. to 10a. per kilo, and for 
smaller, inferior material (‘varnish’) about 5s. 
jier kilo. Pressed amber fetches 41. to 51. per 
kilo. Tho production and the trade in amber, 
as well as the literature of the subject, is almost 
exclusively German, though the finished articles 
are largely made in Vienna. 

Other varieties of fossil resin closely allied 
to amber, but regarded as distinct from Prussian 
or Baltic amber (sdecinito), are the following :— 

Beckcrite (E. Pieszczek, 1880), a black re.Bin 
occurring with Prussian amber. 

Burmitc, Birmite, or Burmese amber (F. 
Noetling, 1893), a dark rpddish-brown, amber¬ 
like resin, which has long been mined in Upper 
Burma and used in China. It is found in large 
masses, one seen by the writer weighing 33 £ lbs., 
whilst the largest piece of Prussian amber yet 
found weighs only 9*7 kilos (21^ lbs.). 

Chemaivinite (B. J. Harrington, 1891), 
Cedarite (R. Klebs, 1897), or Canadian ambor, 
found as pale yellow fragments the size of a pea 
to that of a walnut on tho beach of Cedar Lake, 
near Chemahawin in Saskatchewan. 

Delatynite (J. Niedzwiedzki, 1908), from 
Delatyn in tho Galician Carpathians, differs 
from succinite in containing rather more carbon 
(79*93 p.c.), less succinic acid (0’74 1*07 p.c.), 
and no sulphur. 

Qedrite (O. Helm, 1878), a bright, pale yellow 
resin found with Prussian amber, but differing 
from this in containing less oxygen and no 
succinic acid ; m.p. 140°. 

Qlesaite (O. Helm, 1881), also found with 
Prussian amber; it contains no succinic acid, 
but probably some formic acid ; m.p. 200°. 

Boumanitc , Ronmnito, Rumanite, or Rou¬ 
manian amber (0. Helm, 1891), a brownish- 
yellow to brown resin, found in Tertiary sand¬ 
stone at several places in Itoumania; it re¬ 
sembles Prussian amber in containing some 
succinio acid (0’3-3 - 2 p.c.), and is characterised 
by the relatively large amount of sulphur 
(1'15 p.c.); m.p. 300°. 

Simelite , or Sicilian amber (Q. Helm and H. 
Conwentz, 1886), a clear winc-red to garnet-red 
renin, remarkable for its beautiful green or blue 
fluoresoence, found in the river Simeto and other 
parts of Sicily. It contains only 0'4 p.c. of 
suocinio acid. 

Siantienite (E. Pieszczek, 1880), a brown 
resin occurring with Prussian amber. 

For several papers on amber and amber-like 
resins, by 0. Holm and by P. Dahms, sec Selrr. 
natf. Ges. Danzig, vols. iv-xii (1878-1908). 
See also Max Bauer, Edelsteinkunde, 2nd edit. 
1909, and English transl. (Precious Stones), by 
L. J. Spencer, 1904. L. J. S. 

AMBER, OIL OF. When amber is heated 
it softens, fuses, and gives off succinic acid, water, 
oil, and a combustible gas. If the residue 
(colophony of amber) be more strongly heated, 
a oolourless oil passes over. These oils, accord¬ 
ing to Pelletier and Walter (Ann. Chem. Phys. 
[3]S, 89), have the composition of oij of turpen¬ 
tine. By distilling with water, a pale-yellow 
oil, having a strong odour and ( acrid taste, 
can be obtained. It blackens and thickens on 


exposure to air and heat, boils at 86°, and has 
a sp.gr. of 0'758 at 24°. One part of the rectified 
oil mixed with 24 parts of aloohol (0'830) and 
96 of ammonia, forms eau de luce , a celebrated 
old perfume. By mixing ‘ eau de luce ’ with 
nitric acid, artificial musk is made. Its solution 
in alcohol was formerly considered as a specific 
for whooping-cough (t>. also Oils, Essential, 
and Resin8). 

AMBER VARNISH v. Varnish. 

AMBERGRIS. ( Ambergris , Fr.; Ambra, Am - 
bar, Her.) (J. Soc. Chem. Ind. 1890, 420.) Is 
found in tho sea, near the coasts of tropical 
countries, and as a morbid product in tho 
intestines of tho cachalot or sperm whale 
{Phyneter macroce phalus). 

Ambergris is generally found in fragments, 
but pieces have been obtained weighing upwards 
of 270 lbs. its sp.gr. ranges from 0'780 to 
0 926 (0-780 to 0'896 Brande, 0*908 to 0 920 
Pereira). If of good quality, it adheres liko 
wax to the edge of a knife with which it is 
i scrapod, retains the impression of the nails, and 
emits a fat odoriferous liquid on being penetrated 
with a hot needle. It is generally brittle, but 
on rubbing it with tho nail it becomes smooth 
like hard soap. Its colour varies from black 
to white. Its smell is peculiar, and not easily 
counterfeited. It melts at 62'2°, at 100° it 
is volatilised as a white vapour; on a red-hot 
coal it bums and is entirely dissipated. Water 
has no action on it; acids, except nitric acid, 
act feebly upon it; ether and tho volatile oils 
dissolve it; so do the fixed oils, and also 
ammonia when assisted by heat; alcohol 
dissolves a portion of it. 

The principal constituent of ambergris is 
ambretn ( q.v .); its inorganic constituents are 
carbonate and phosphate of calcium, with 
traces of ferric oxide and alkaline chlorides. 

Used by perfumers. The Chinese test its 
purity by scraping it upon boiling tea, in which 
it should wholly melt. 

AMBERITE v. Explosives. 

AMBLYG0NITE. Fluo-phospliate of alu¬ 
minium and lithium AlP0 4 ,LiF, crystallising 
in the anorthic system. It is usually found as 
whitish cleavage masses much resembling felspar 
m appearance, from which it is distinguished by 
its higher sp.gr. 3-01-3-09 and chemical cha¬ 
racters. It occurs in granitic rocks at Montebras 
in France, Cacarcs in Spain (with tin ore), Pala 
in California, &c. At each of the places named 
it has been mined for the preparation of lithium 
salts, the phosphate being a by-product. It 
contains about 10 p.c. of Iithia. A variety in 
which tho lithium is largely replaced by sodium 
has been found as greykili-white cleavage-masses 
in pegmatite near Canyon City in Fremont Co., 
Colorado, and named natramblygonite or 
fremorftite. In another variety, known as 
montebrasite from Montebras in France, hydr¬ 
oxyl largely replaces the fluorine. The general 
formula for the mineral is then 

(Li,Na)Al(F,0H)P0 4 

L. J. S. 

AMBREIN. (Am&retne, Fr.; Ambaratoj ?, 
Ger.) Isolated by Pelletier and Caventou, by 
digesting ambergris in hot alcohol, sp.gr. 0'827. 
Ambreln Co 8 H 40 O t purified by repeated crys¬ 
tallisations from alcohol, is a white solid, separa- 
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ting in slender noedles, m.p. 82°, which exhibit 
the phenomenon of ^lperfusion for a long time 
even if sown with crystals. When warm and 
dry, it becomes highly electrified on slight 
rubbing'. It has no optical aotivity, and is a 
neutral substance, insoluble in water, but 
soluble in most organic solvents, from which it 
does not crystallise out at all readily. When 
acted on by bromine in carbon tetrachloride 
solution, it gives an odobromo- derivative 
C a3 H 32 OBr R , a white vitreous solid. Chlorine, 
under similar conditions, decomposes it. On 
warming ambre'in with phosphorus penta- 
chloride, a white, amorphous mass of pentachloro- 
ambrein C 23 H s5 t)Cl-, is obtained (Riban, Compt. 
rend. 1912, 154, 1729). 

AMBRITE. A brown translucent resin, 
similar to retinite, found in association with 
New Zealand coal ( v . Resins). 

AMEISINE. Trade name for aluminium 
formate. 

AMENYL. Trade name for the hydrochlo¬ 
ride of methyl hydrastimxde. Forms yellowish 
needles, m.p.•227°. Soluble in hot water or 
alcohol. 

AMERICAN COW or MILK TREE WAX 

v. Wax. 

AMERICAN ELEMI v. Oi,ko-rksins. 

AMETHYST. A purplo transparent variety 
of crystallised quartz (Sit) 2 ), used t-s a gem¬ 
stone. So named, from aptOviTTos, ‘ not drunken,’ 
owing to the ancient belief that the stone when 
worn as a charm prevented intoxication ( v . 
Quartz). L. J. S. 

AMETHYST. Tetramethyl safranine and 
tetraamyl safranine are found in commerce 
under this name ( v . Azines). 

AMETHYST, ORIENTAL, r. Corundum. 

AMIANTHUS (Amiante, Fr.) Mountain 
flax ( v . Asbestos) 

AM1DASE v. Enzymes. 

AMIDATION. The operation of introducing 
the amino group NH 2 , as in the production of 
aniline from nitrobenzene by means of iron 
and hydrochloric acid. 

AMIDE POWDER. An explosive similar to 
ordinary gunpowder, in which, in place of the 
sulphur, an ammonium salt is employed in 
combination with saltpetre, in such proportions 
that on ignition potassamide, volatile at high 
temperatures, is formed. Tins increases the 
useful effect of the explosive, which burns with¬ 
out residue (Gaens, Eng. Pat. 14412, 1885; 
J. Soc. Chem. Ind. 5, 078). 

AMIDINES. Compounds containing ami- 
dogen and imidogen attached to the same carbon 
atom, e.g. acetamidine CH a *C(NH)NH a ; benz- 
amidine C 6 H 6 C(NH)NH 2 .» They are formed by 
the action of amines on thio- amides or nitriles, 
or on the products formed by acting qp the 
amides with phosphorus pentachloride, or by 
treating the eyanamides with the Grignard 
reagent (Adams and Beebe, J. Atncr. Chem. Soc. 
1916, 38, 2768). 

AMIDOAZOBENZENE or ANILINE YEL¬ 
LOW V. AZO- COLOURING MATTERS. 

AMEDOGENE. An explosive made by dis¬ 
solving 73 parts of potassium nitrate and I part 
magnesium sulphate in one-third their weight of 
boiling water; 8 parts of ground wood charcoal, 
8 parts of bran, and 10 parts of sulphur are added, 
and the whole is digested for two hours at 140°; 


it is then driod at 50° and made into cartridges 
(Gemperle, J. Soc. Chem. Ind. 3, 191; 1, 201; 
Biodermann’s Chem. Tech. Jahrb. 7, 146). 

AMIDOGUANIDINE r. Hydrazines. 

AMIDOL. Trado name for 2 :4-diamino- 
phenoi hydrochloride, used as a photographic 
developer. • 

AMIDONAPHTHOLS v. Azo- colouring 

MATTERS. 

AMIDONAPHTHOPHENAZINE v. Azines. 

AMIDOPHENOPHENANTHRAZINE v. 

Azines. 

AMIDOPYRINE (Pyramitfon). Trade names 
for 4-dimethylamino antipyrine. 

/C 6 II 6 

N/ 

cn,— n; /x ico 

CH 3 —C—-C—N(CII 3 ), 

Prepared by treating an acid solution of anti- 
pyrme with sodium nitrite, reducing the nitroso- 
antipyrine to amino-antipyrine, condensing with 
benzaldehyde, and decomposing the benzylidene 
derivative with hydrochloric acid. The product 
on mothylation yields amidopyrine. 

AMINES. Amines or ‘ ammonia bases ’ may 
be regarded as substances derived from am¬ 
monia by the substitution of hydrocarbon radicals, 
lor hydrogen. They may also bo looked upon as 
derived from hydrocarbons by the replacement 
of one or more hydrogen atoms by NH a or its 
alkyl substitution products NHR or NRR'. 
The definition of the term may be taken to in¬ 
clude alkyl derivatives of hydrazine and hydra- 
zoic acid, and compounds such as nitrosamines 
diazo-eompounds; also others which contain 
nitrogen linked to nitrogen or elements other 
than carbon, as well as tp alkyl- residues. It 
also includes compounds in which the nitrogen 
forms part of a ring, as in pyridine, pyfrol, and 
their derivatives, among which the alkaloids 
may bo mentioned. The majority of these 
more complex substances are treated of in 
dotail in special articles (see arts. Azo* 
colouring mattersAzinks ; Bone oil; 
Quinoline, &c.), and come within the scope of 
this only in so far as they possess the general 
characteristics of the ammonia bases. 

A min es are classed as primary, secondary, or 
tertiary, according as one, two, or three of the 
hydrogen atoms of ammonia have been replaoed 
by alkyl or aryl groups. Thus the general 
formula of the primary amines is NH a R, of the 
secondary amines NHRIt', and of the tertiary 
amines NRR'R", where R, R', and R" may be 
identical or represent different radicals. The 
ructions of the amines differ to some ex¬ 
tent according as the substituting radicals are 
(1) all aliphatic; (2) mixed aliphatic and aro¬ 
matic, with the nitrogen attached to the aliphatic 
residue, as in benzylamine ; (3) mixed aliphatic 
and aromatic, with the nitrogen attaoheu to a 
carbon atom of the benzene ring, as in methyl 
aniline; and (4) pure aromatio amines such as 
aniline itself, di- and tri-phenylamine, and their 
homologues. Substanoes of groups (1) and (2) will 
be referred to here as* aliphatio and aromatio 
amines respectively, and those of groups (3) and 
(4) as aromatic amino- compounds. Aromatio 
amino- compounds serve as the starting materials 
in many of the different branches of the dyeing 
industry, and ure prepared artificial^ in large 
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quantities (see arts. Anilinb ; Azo- colouring ; 

MATTBRS ; TrIPHENYLMBTHANE COLOURING 
MATTERS; DiTHENYLAMINB, &0.). 

With the important exception of the vege¬ 
table alkaloids, the amines are not widely 
distributed in nature, though some of the lower 
members of the* fatty series (methylamines) 
occur in plants and in the blood of some animals. 
They are, howovor, found as decomposition 
products of animal and vegetable organisms, 
and of mineral substances. Thus the methyl- 
amines are found.in herring brine and in decom¬ 
posing fish. Other**, chiefly diamines, are found 
in certain pathological conditions of tho urine, 
and as decomposition products of the animal 
tissues (ptomaines). The decomposition of 
proteins gives rise to largo numbers of amino* 
ackft. Aniline was first isolated as a product 
of the distillation of indigo, and it and its 
homologues as well as other bases are present 
in the distillates from bone oil (Dippers oil), 
and of coal tar. A mixture of fatty amines is 
obtained in tho dry distillation of the residues 
in the beet-sugar industry, and this, under the 
name of ‘ trimethylarnme,’ of which it contains 
about 5 p.c., is used in France for tho preparation 
for industrial purposes of methyl chloride; on 
.account of the greater solubility of its hydro¬ 
chloride, it has also been used instead of ammonia I 
in the preparation of potassium carbonate, in a 
manner analogous to the Solvay method for tho 
preparation of sodium carbonate, but the process 
does not seem to have been commercially 
successful. 

General methods of preparation. 

1. By action of ammonia or its alkyl deriva¬ 
tives on substitution*products (generally haloid 
or hydroxyl derivatives) of hydrocarbons. 

The method first described by Hofmann 
(Phil. Trans. 1850,1,93 ; 1851,2,357), of heating 
alkyl halides (preferably bromides or iodides) 
with ammonia, is available for the preparation 
of primary, secondary, and tertiary aminos of 
the fatty series, and if aniline is substituted for 
ammonia, for the preparation of secondary, 
tertiary, and aromatio ammo- compounds. 
Quaternary ammonium compounds are also 
formed in the reactions, which may be repre¬ 
sented as follows :— 

NH, -f RBr - NH 2 R\HBr 
NH,R + R'Br = NHRR'HBr 

. NHRR' -f R"Br = NRR'R"-jHBr 

, NRR'R" + R"'Br = NRR'R"R"'Br 
The reaction will take place, though only very 
slowly, in ‘aqueous solution, more quickly in alco¬ 
holic solution, and best on heating in alcoholic 
solution in sealed tubes at 100°. The products 
obtained may contain haloid salts of one or all 
Of the possible amines, and of the quaternary 
bases, and the proportions vary with the con¬ 
ditions of experiment (Werner, Chem. Soc, Trans. 
1918, 113, 899; 1919, 115, 1010). On distilling 
the produot with excess of alkali a mixture of 
thtf three amines is obtained ; the three amines 
may be separated from-the mixture by making 
use of thejr different modes of reaction with 
oxalic ester, the chlorides of aromatic sulphonic 
acids, Gricnard’s reagent, acetic anhydride, or 
aoetyl chloride, which are dealt* with below. 
The three ethyl amines have been separated bv 


fractional distillation (Gamer and Tyrer, Chem. 
Soc. Trans. 1916, 109, 17*. Of. also Price, J. 
Soc. Chem. Ind. 1918, 37, 82. 

In the preparation on the large scale of 
secondary and tertiary aromatio amino- com¬ 
pounds, e.g. dimethylanilino, tho primary amine 
is heated under pressuro directly with the 
alcohol and hydrochloric or sulphuric acid at 
180°-200°. Here tho alkyl group is exchanged 
directly for hydrogen without the intermediate 
separation of tho alkyl halide. The presence of 
other negative groups in tho benzene molecule 
increases the ease with which tho NH a group 
can displace halogen groups. Tjius the chlorine 
atoms of chlorbenzene can be replaced by NH a 
groups by the action of ammonia if the benzene 
ring also contains, NO a groups. A catalyfcio 
method of preparing mono- and di-methylaniline, 
in which tho vapoms of methyl alcohol and 
anihno are passed over aluminium oxide at 40U°- 
430°, is described by Mailhe and de Codon 
(Compt. rend. 1918, 166, 4C7). 

Amines may also bo obtained by heating 
zinc ammonium chlorido with al^ihols at 250°- 
200° (Merz and Gasiorowski, Ber. 1884, 17, 
623). 

Alcohols or phenols will react with ammonia 
or its alkyl derivatives on heating in the presence 
of zinc chloride, calcium chloride, or other 
catalytic dgent (Merz? and Weith, Ber. 1880, 13, 
1298 ; Mora and Mueller, Ber. 1886, 19, 2901). 

Mixtures of the vapours of alcohol and 
ammonia or primary amine led through tubes 
containing finely divided thoria or tungsten 
oxide at 360° give aminos (Sabatier and 
Mailhe, Compt. rend. 1908, 148, 898). 

Sodamide or its alkyl substitution products 
may be used instead of ammonia in tho case of 
aliphatic amines. 

NH a Na + CH 3 C1 = NH a *CH, + NaCl 
(Lobeau, Compt. rend. 1905, 140, 1042; Cha- 
blay, Compt. rend. 1905, 140, 1262). (f. 0. 
Matter, 1). R. PI*., 301450, 301832. Sodamide 
will also react with anhydrous sulphuric esters 
of the aliphatic scries, and with aromatic sul- 
phonic acids to give primary amines (Jackson 
and Wing, Ber. 1886, 19, 902 ; Titherley, Chem. 
Soc. Trans. 1901, 79, 399). 

By heating ammonium chloride with a con¬ 
centrated solution of formaldehyde under 
pressure, melhylamine, dimethylamine, and 
trimethylamine are successively produced (Eseh- 
weiler, D. R. P. 80520, 1893). 

2. By reduction of nitrogen-containing sub¬ 
stances. 

Primary amines may be obtained by the 
reduction of nitro- compounds, nitroso- com¬ 
pounds, oximes, hydrazonos, azo- and hydrazo- 
compgunds, amides and amidines, and nitriles. 
Since the nitro- compounds of aromatio hydro¬ 
carbons are easily prepared by direct nitration, 
the reduction of nitro- compounds is by far the 
most generally used method for the preparation 
of aromatic primary amines. Zinin in 1842 pre¬ 
pared aniline from nitrobenzene, by the action 
of alcoholic ammonium sulphide, and this 
method is still in use for the reduction of the 
dinitrobenzenes to the nitroanilines. On the 
commercial scale, as for instance in the pre- 
aration of aniline, iron and water with some 
vdrochlorio acid is usuallv emnloved as the 
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reducing agent. Another method for the 
reduction of nitro- compounds, nitriles, oximes, 
and hydrazonee, oozftists in heating in a stream 
of hydrogen in the presence of finely divided 
nickel ot copper (Sabatier and Senderena, Compt. 
rend. 1902, 125, 225). - A great deal of work on 
this method, resulting in a large number of 
patents, has been carried out. With a copper 
catalyst obtained by reducing the carbonate, 
formate, oxalate, or nitrate by hydrogen or 
carbon monoxide below red heat, reduction of a 
nitro- compound is eSected by hydrogen at a 
temperature of 200° C. or less. Higher tempera¬ 
tures lead to impure products and to poisoning 
of the catalyst (Badische Anilin und Soda 
Fabrik, D. R. PP. 263390, 1914 ; 282568, 1915). 
Other contact agents are described by the same 

E atentees in Eng. Pat. 5692, 1915. According to 
>. R. P. 282492,1915 (Meister, Lucius, and Brun- 
ing) a quantitative yield of aniline is obtained by 
passing nitrobenzene, steam, and hydrogen at 
120° C., over finely divided nickel. In Eng. Pat. 
6409, 1915 (Badische Anilin und Soda Fabrik), 
the reduction of nitrobenzene by carbon 
monoxide in presence of steam and a contact 
agent, if described. 

Nitro- compounds may be reduced to primary 
amines clectrolytically, in aqueous or alcoholic 
acid solution, at zinc, lead, tin, copper, or 
mercury cathodos, with m current ^density of 
0'18 amp./so. cm. Tin and load are particularly 
effective if they are present on the cathode in a 
spongy stato (0. F. Bochringcr and Sdline, 
D. R. P. 116942, 1900). 

The reduction of nitroso- compounds, 
oximes, and hydrazones, though often useful in 
the laboratory for preparing special amino- 
compounds, is seldom of use on the large scale. 
Tho reducing agents used are, for nitroso- com¬ 
pounds, such as nitrosophenol, sulphuretted 
hydrogen in presence of ammonia; for oximes and 
hydrazones, sodium amalgam and acetic acid. 

The reduction of azo- compounds, which 
takes place according to the equation 


R-N=N-R'+2H a =R--NH a +NH a R' 


is mainly used in the production of aromatic 
primary diamines (cf. p-phenylcnediaraine, but 
can be used for the production of annnophonols 
or their derivatives. Thus (1). R. P. 48543), 
by diazotising one molecule of p-aminophenetol 
and coupling with phenol the azo- compound 
C a p 6 OC e H,—N a —C 6 H 4 OH is produced, and 
this on ethylation and reduction gives two 
molecules of p-aminophenetol. The usual re¬ 
ducing agents for azo- compounds are stannous 
chloride, zinc-dust and water or acetic acid, 
and sodium hyposulphit%(Na t S a 0 4 ). 

Amides, amidines, and nitriles are best re¬ 
duced by sodium and alcohol. 


R CO’NHi -> R GH a NH a 
R‘CH(NH)\NH a -> R'CH a NH a +NH> 
R'CN R CH a ’NH a 


The formation of methylamine by the reduc¬ 
tion of alkali oyanides and ferrocyanides with 
hydrogen in the presence of colloidal palladium 
has been patented (Riedel, 1913, D. R. P. 
264528). For the ofttalytio reduction of hydro¬ 
cyanic acid see Barratt and Titley, Chem. Soo. 
Trans. 1019, 115, 002. 

Secondary amines may be produced by reduo* 


tiou of the iV-eeters of the oximes (Goldschmidt, 
Ber. 1892, 25, 2594 ; Dunstan and Goulding, 
Chem. Soo. Trans. 1897, 71, 573 ; 1901, 79, 628) 
or of the iaonitriles, or of the condensation 
products formed by the aotion of primary amines 
on aldehydes. 

(CH 3 ) a *C-NCH 3 -> (CH 8 ) a CH'NHCH l 

R-N : C -> R NH CH, 

R N : CHR' RNHCH a R # 

A special case of the third reaction—the 
methylation of primary amines by means of 
formaldehyde, without isolation of the inter¬ 
mediate condensation product—is of great 
technical importance. According to a patent 
of F. Bayer & Co. (D. R. P. 287802, 1916), any 
primary amine may bo methylated by being 
heated to a high temperature with formaldehyde 
in presence oi some reducing agent other tnan 
formaldehyde or formic acid. A process for the 
preparation of methylanilino by the action of 
formaldehyde on aniline has been described by 
G. T. Morgan (Eng. Pat. 18081, 1915). The 
mechanism of the reactions involved in methyla¬ 
tion by formaldehyde has been investigated by 
E. A. Werner (Chem. Soc. Trans. 1917, 111, 844). 

3. From amides by the action of bromine 
and ix)tash. (Hofmann, Ber. 1882, 15, 762.) 

This reaction is mafnly applicable to the 
preparation of primary fatty amineB, and gives 
good yields only with the lower members of tho 
series. The first product of the reaction is a 
bromamide, and this on further treatment with 
potash gives potassium bromide and an iso¬ 
cyanate, which is saponified, giving an amine 
and a carbonate, the alkyl group being trans¬ 
ferred from tho carbon to tho nitrogen atom, as 
in tho ‘ .Beckman rearrangement * (Mohr, J. pr. 
Chem. 1906, [2] 73, 177, 228). 
CH 3 ‘CONH a +KOH-fBr a * 

==CH a -CONHBr-f KBr-f H a O 
CH 3 *CONHBr+KOH = CH 3 NH a +C0 8 -f KBr 
Azides on boiling with alcohol or water, and sub- 
HC1 give amines. 
COOC a H a +N a 

a -fCO a +C a H 6 OH 
(Curtius, Ber. 1894, 27, 779; 1896, 29, 1166; 
Forster, Chem. Soc. Trans. 1909, 95, 433). 

4. From compounds containing imido (or 
amido) groups in which one atom of hydrogen is 
replaceable by alkali metals. 

(а) From isocyanates, iaothiooyanates, and 
isocyanides. 

Alkyl isocyanates (prepared from metallic 
isocyanates and alkylhalolds) are hydrolysed 
by alkalis (Wurtz, Annalen, 1849, 71, 330). 

The interest of this method is mainly 
historical, since it led to the discovery of the 
amines by Wurtz in 1848. Primary amines 
are the chief product, but secondary and tertiary 
amines are also formed in small quantities. 

C a H 6 NCO+H a O = C a H 6 NH a +CO, 

Alkyl ^othiocyandtes and wocyanides are 
hydrolysed by treatment with concentrated 
hydrochloric acid. * 

- C a H 5 'NH a -fCOS 
= C a H 5 NH a +HCOOH 

(б) Phthakmide, on treatment with alcoholic 
potash, gives -potassium phthalimide, and this 


C.H^CS+H.O 

C a H6NC+H a O 


sequent treatment witn gone. 
R-CON 3 4-C»H 6 -OH ='KNH' i 
R‘NH‘COOC a H fi +H a O 

=RNH 



: W ' : ' ambus, 

give* an alkyl derivative on treatment with (6) Magnesium alkyl iodides form addition 
alkyl iodide, wliioh on hydrolysis with {tuning compounds with phenyl iayoyanate; these, on 
fiCn yields a primary amine. treatment with water are converted into 

C,H,(CO),NK+RI=C,H.(CO)^NR+KI anilides, whioh yield amines on saponihoation 
C^I,(CO)^R+2H 1 0=C,H 1 (COOH),+NH a R (Blaise, Compt. rend. 1901, 132, 38, 478, 978). 
(Gabriel, Ber. 1887, 20, 2224 ; 1891, 24, 3104). ®- B V diet ^?^K 0 ! amino ' Mlda wUh ia, V ta - 

Gabriel and Ohle (Ber. 1917, 50, 804, 819) find CH a CH<J$y = CHj'CH.'NH, + CO, 

that alkylene oxides will rpaot with potassium „ , . . 

phthalimide with tho ultimate formation of 7. Aliphatic primary and secondary aimnee 
aminohydroxy compounds. ma V l,e obtained by the action of potash on the 

(c) A simUar method, avaUablc for tho V-nitroso- derivatives of secondary and tertiary 

n aration of- secondary amines from primary, Jin”}?™ °Sfr c ^ om 'P°^{ 3 - 
ie to Hinsbert* (Annalon, 1891, 179, 265). NO - C 1 H 1 - N(CH,),^j- KOH 
The sodium derivative of a substituted benzene- . „ . “ ■+• JN(UH 8 )jjXl 


sulphonamide (derived from the action of benzene NO*G 0 H 4 NHCH 8 +^OH 


sulphonylchloride on a primary amine) is treated „ ,. . ~ NO*C 6 H 4 OK+NH a CH 3 

wi& an alkyl iodide, and the product hydrolysed . 8 - Tertiary amines can be obtained by heat- 

with hydrochloric acid at t20°-180°. ,n 0 P>"nary and secondary basts with excess of 

C«H,SO,NRNa -> C,H 5 SO a -NRR' -> NHRR' P i^NH+CH s OSO s K=RR'NCH,+HOSO a K 
Johnson and Ambler use toluene-w-sulphon- 
amides in the same way (J. Amer. Chem. Soe. 6 en era 1 P r o per ties. 

1914, 36, 372). E. Fischer finds that a hotter The amines of the aliphatic series are vola- 
yield of the amine is obtained by treating the tile inllammabic substances, the lower members 
disubstituted sulphonamide with hy^riodic acid | being gases oi liquids with low boiling-points, 
and phosphonium iodide (Ber. 1915, 48, 93). j very soluble in water and strongly alkaline 

(a) The derivatives of tho amides of tho j to litmus; the density of the liquid mem- 
carboxylic acids, though less suitable, on account hers of tho scries is about 0*75 that of wator, 
of their less acidic properties, can be used in tho and increases slightly with increase in tho 
samo way as the derivatives of the sulphonamides molecular w eight. T4 oir basicity, measured by 
(Titherloy, Chom. fcioc. Trans, 1901, 79, 39 9). the conductivity method, is considerably 
(5) From compounds which certain substances i greater than that of ammonia, and they will 
form wiUi alkyl haloids. saponify esters and precipitato oxides from the 

(a) Hexamethylene totramine, formed by the salts of many of the heavy metals. They have 
action of ammonia on formaldehyde, gives an ammoniaeal and fishy odour. The smell, 
addition compounds of the type C 6 II J2 ^*liI inflammability, boiling-point, and solubility in 
with alkyl iodides. These on treatment with water become less with increase in the mole- 
IIC1 and alcohol are decomposed, giving primary cular weight, and the highest known members 
aminea (DcUpine, Compt. rend. 1897, 124, 292; are odourless solids at ordinary temperatures. 
Ann. Chim. Phys. 1898, [71 15, 608). They react with moist air with formation of 


Phys. 1898, [7115, 608). 


I They react with moist air with formation of 
Aliphatic Amines. 


Alkyl groups 

Primary compounds 

Secondary compounds 

Tertiary compounds 

M pt. 

B.pt. 

Sp.gr. 

B.pt. 

Sp.gr. 

B.pt. 

Sp.gr. 

Methyl 

_ 

-6-7° 

0-699 (-11°) 

+ 7° 

0-688 (-6°) 

4-3-5° 

0-662 (-5°) 

Ethyl . 

-83-8° 

+ 19° 

0-708 (-2°) 

56° 

0-711( + 15°) 

90° 

0-735(4-15°) 

Propyl 
tao-Propyl 
phim. u-Butyl 

— 

49° 

0-728 (0°) 

110° 

0-738 (20°) 

166° 

0-771 (0*) 

— 

32° 

0-690 (18°) 

84’ 

0-724 (10°) 

— 

— 

— 

77-8° 

0-742 (15°) 

160° 

— 

216-5° 

0-791 (0°) 

mo-B utyl 

— 

86° 

0-735 (15°) 

138° 

— 

187° 

0-785 (21°) 

sec. Butyl . 

— 

03° 

0-718 (20°) 

— 

— 

— 

— 

lert. Butyl . 

— 

43-8° 

0-698 (16°) 

— 

— 

— 

— 

frim. rt-Amyl 

— 

104° 

0-780 (19°) 

— 

— 

— 

— 

mo- Amyl 

— 

95° 

0-750 (18°) 

187° 

0-782 (0°) 

236° 

— 

tert. Butyl-methyl 

— 

82°-83° 

— 

— 


— 

— 

tec. n-Amyl . 

— 

90°-91° 

0-749 (20°) 

— 


— 

— 

eec. iso -Amyl 

— 

83°-84° 

0-757(18-6°) 

— 


— 

— 

tert. Amyl . 
prim. n-Hexyl 

— 

78-5° 

0-748 (16°) 

— 

— 

— 

— 

— 

129° 

- • 

— 

— 

260“ 

— 

„ „ Heptyl . 

— 

153° 

0-777 (20°) 

— 

— 

— 

— 

„ „ Octyl 

— 

175°-177° 

0-777 (26-8°) 

297° 

— 

366° 

— 

„ „ Nonyl 

— 

190°-192° 

— 

— 

— 

— 

— 

„ „ Deoyl . 

+ 17 

218°-218° 

— 

— 

— 

— 

— 

„ Ondeoyl . 

16° 

232° 

— 

— 

— 

— 

— 

„ „ Duodeoyl 

27° 

248* 

— 

— 

— 

— 

— 

„ „ Trideoyl . 

427° 

285° 

— 

— 

— 

— 

— 

?, „ Tetradecyl 

37° 

102° (.15 mm.) 

— 

— 

— 

— 

— 

„ „ Pentadecyl 

38-5° 

298*-301° 

— 

— 

— 

— 

— 

„ „ Hexadacyl 

45° 

187°(15mm.) 

— 

— 

— 

— 

— 

„ „ Heptadecyl 

• 

49° 

335°-340= 

— 


““ 
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Formula 

Popular name 

Systematic name 

M.pt. 

- 9 — 

i, 

m 

«»• *4. 

man- 

uwtrt 

tail. 

Mlj-NH, . 
CH s C«H,lTH a . . 

aniline . 

aminobenzene . 

-8° 

188° 

1-024 (16°) 

1W* 

ortho toluldlne 

meta „ 

1-methyl - 2 - aminoben- 
zene 

1-methyl * 8 - aminoben¬ 
zene 

- 

199° 

109° 

0-999 (20°) 

0-998 (25°) 

110° 

65-5° 

• 

para „ 

1-methyl - 4 - aminoben¬ 
zene 

+ 42-8° 

198°« 

— 

153° 

(CH3)20#H3'NH2 • 

1-2-3 ortho xyltdine 

1 : 2-dimethyl-8-amino- 
benzene 

— 

228° 

0-991 (16°) 

134° 


1-2-4 „ 

1 : 2-dimethyl-4-amino- 
benzene 

+ 40° 

228“ 

1-076 (17°) 

99° 


1-3-2 meta ,, 

1: 8-dimethyl-2-amino- 
benzene 

1 : 8-dimethyl-4-amino- 
benzene 

— « 

215° 


176-5° 


asymm. meta xyli- 
dfne 

- 

215° 

0-918 (26°) 

120° 


Bymm. meta xylidine 

1: 8-dimethyl-5-amino- 
benzene 

— 

223° 

0-972(15°) 

140-5° 


para xylidine 

1 : 4-dimethyl-2-amino- 
benzene 

+ 15-5° 

216° 

0-080 (16°) 

139-5° 

U 2 H ri 2 • • 

para amino ethyl 
benzene 

1-ethyl - 4-amtno- ben¬ 
zene 

-5° 

214° 

0-076 (22°) 

04-6° 

(OHslaCsH/NH! . 

mesidme 

1:3- 5-trimethyl-2-ami- 
nobenzene 


233° 

— 

216° 


pseudo- cumidlne . 

1:2:4-trimethyl-6-ami- 
nobenzene 

+ 68° 

234° 


184° 

(U 2 lfg'CH 2 '0(sH,'NH2 • 

para amino propyl 
•benzene « 

1 - propyl - 4 - aminoben¬ 
zene 

— 

225° 

— 

— 

(OHs)sCHC,„H 4 NH 2 . 

cumldine . 

1-isopropyl- 4-aminoben- 
zene . 


218° 


102-6° 

(CH s ) t C c HNH 2 . 

prehnldine . . 

1:2:8: 4-tetramethyl- 
6-amlnobenzene 

+70° 

280° 


172° 


lsoduridine . 

1:2:8:6-tetramethyl- 
4-aminobenzene 

+24° 

255° 

0-978 (24°) 

215° 

(CHs)(O s H,)C 8 H.; NH s . 

carvacrylamine 

1-methyl-4-wopropyl -2- 
aminobenzene 

— 

241° 

0 944 (24°) 

72° 


thymylamine 

l-methyl-4-tsopropyl -3- 
aminobenzene 

— 

280° 

— 

112-5° 

(CH 8 ) 2 CH OH/CJT, NH 2 

para amino wobutyl 
benzene 

1 - wobutyl-4-aminoben- 
zene 

+ 17° 

230° 

• 

0-987 (25°) 

170° 

(OH s ) 6 C 0 NH. 2 . 

amino pentamethyl 
benzene 

pentamethyl amino- 
benzene 

, JB2» 

278° 

“ . 

218° 

C 6 Hii-C 0 HVNH 2 . 

amino woamyl ben¬ 
zene 

— 


260° 

— 

— 

Ogtf] 7'Cfitt4'Nlf2 • 

para amino octyl 
benzene 

1 - octyl - 4 - aminoben¬ 
zene 

+ 19-5 0 

310° 

— 

93° 


amino cetyl benzene 

hcxadecyl aminoben¬ 
zene 

53° 

256° 

(14 mm.) 
* 274’' 
(15 mm.) 


104° 

C,gH 87 O l5 H4NH 2 . 

amino octadecyl 

benzene 

octadccyl aminoben¬ 
zene 

61° 




carbonates. Aromatic amines (bonzylamine and 
its horaologues) closely resemble the aliphatic 
amines, but are not quite so strongly basic in 
character, owing to the presence of the negative 
phenyl group. The aromatic amino- compounds 
(aniline and its horaologues) arc less basic than 
ammonia, and the basicity diminishes with 
increase of the number of phenyl- groups attached 
to the nitrogen atom. Thus the salts of diphenyl- 
amine aro hydrolysed *by water to a greater 
extent than those' of aniline, whilst triphenyl- 
amine is a neutral body and forms no salts 
with acids. Comparatively few amifles are 
known which contain only aromatic groups ; of 
these aniline and diphenylamine are prepared 
on the large scale in the dyeing industry, as well 
as many seendary and tertiary amino com¬ 
pounds containing both fatty and aromatic 
grotiDB. 

The aromatic amines are much more easily 
substituted by halogens, the nitro croup and 
the sulphonio group than the hydrocarbons 
from which they are derived, and the substituted 
derivatives obtained are of great importance 


in the dye industry. In substituting with 
halogens or nitric acid it is often necessary to 
protect the amino group by acetylation, the 
acetyl group being subsequently removed. 
The purely aliphatic amines find little use out¬ 
side sjmthetical chemistry. Some are used in 
the preparation of drugs; they have also been 
used (as well as derivatives of aromatio amines) 
as catalysts in the vulcanisation of rubber (Twiss, 
J. Soc. Chem. Ind. 1917, 786). 

The above lists of the chief homologiies of 
methylamine and aniline are taken from Meyer 
and Jacobsen’s Ijehrbuch der Organisehen 
Chemie. 

All classes of amines form addition products 
with acids, containing one molecule of base to 
one molecule of monobasic acid. Compounds 
containing three molecules of HC1 to one of 
amine have also been obtained (Korozynski, Ber. 
1908, 41, 4379). The*picrates are specially cha¬ 
racteristic, ana are used for the identification 
of the amines, as are also the double salts with 
platinum tvnd gold chlorides, which have the 
general formula* BjHjPtCl a and BHAuCl* respec- 



amines. 


:W 

ifrh&y. Many aliphatic amines form hydrates 
with one molecule of water of crystallisation. 
Double salts with merourio chloride and stannous 
and stannic ohiorides (Druoe, Chem. Soc. Trans. 
1918, 118, 715), and with silver salts, orystallise 
well, and organic analogues of ammonium pyro¬ 
phosphate and amnate are known, but are not 
very stable (Brisac, Bull. Soc. chim. 1903, [3] 
29, 591). WB-h alkyl halides they form 
quaternary ammonium compounds of the type 
NRR'R"R'"I, where RR'R"R'" mav be the 
same or different radicals. In cases where these 
radicals are all different, the substances are 
capable of existing in two enantiomorphous 
optically active forms, and a number of these 
have been isolated. Enantiomorphic compounds 
of the type RR / R // N=0 have also been isolated 
(Meisenheimer, Ber. 1908, *4-1, 3900; Annalen, 
1911, 385, 117). The quaternary ammonium 
compounds, unlike thoir inorganic analogues, are 
not decomposed on boiling with potash; on 
heating alone they give tertiary amines and 
alkyl halides. The corresponding bases are 
obtained from thoir halides by treatment with 
moist silver oxide; they are strongly alkaline 
to litmus, and the solutions generally’decom¬ 
pose easily on evaporation, but some of the 
aliphatic members have been obtained crystal¬ 
line by evaporation in vacu6. The rate of forma¬ 
tion of quaternary ammonium compounds from 
tertiary amines and alkyl haloids is found# to 
vary greatly with the constitution of the re¬ 
acting substance and the nature of the solvent 
(Menschutkin, Zcilseh. physikal. Chem. 1890, 
0, 41; Wedekind, Ber. 1899, 32, 511 ; Annalen, 
1901, 318, 90; Preston and Jones, (’hem. Soc. 
Trans. 1912, 101, 1930; Thomas, Chem. Soc. 
Trans. 1913, 103, 594;. • 

The formation of* quaternary ammonium 
compounds by addition of exebss of methyl 
iodide to an amine gives a quantitative method 
for the determination of the number of replace¬ 
able hydrogen atoms in the substance. Analysis 
of the original compound and of its quaternary 
methyl derivative gives tho number of methyl 
groups which have entered into the moleoule. 

Compounds containing five hydrocarbon , 
radicals attached directly to nitrogen were for a 

a time thought to be incapable of existence. 

compounds have now been isolated by 
SchlShk and Holtz (Ber. 1916, 49, 603; 1917. 
50, 274). 

With several reagents, the different classes 
of amines show different reactions, and separa¬ 
tion and purification of the amines formed in 
-many of the methods above referred to may be 
carried out by making use of such differences. 
Primary and secondary amines sometimes give 
similar reactions, whilst tertiary amines are more 
stable. 

• * Reactions. 

1. With nitrous acid. 

Primary amines, on boiling with potassium 
or sodium nitrite in acid solution, give alcohols 
Or phenols with evolution of nitrogen. 

RNH S +HONO = R0H+N 8 +H 2 0 
In many cases where a primary alcohol would 
be expected a mixture of primary and secondary 
alcohols is obtained (Henry, Compt. rend. 
1907, 146, 899, 1247). 

Secondary amines give nitrosamines, which 


on boiling with oonor HG are again transformed 
into the original amines. * 

RR'NH+HONO - RR'NN'O+H.O 
RR'N-N(H2HC1 RR'NH-HCl+NOCl 

Tertiary amines do not react. 

Primary aromatic amino- compounds react 
differently if their solutions are kept cooled 
They give diazo- compounds according to the 
following equation:— 

RNH 2 ,HCl+HONO = RN : NCI+2H 8 0. 

This reaction is of the greatest importance, 
for the diazo- compounds are very ’instable, and 
on treatment with various substances either 
form substitution products of benzene hydro¬ 
carbons with evolution of nitrogen, or retain the 
nitrogen and form azo- compounds, which are 
the parent substances of the azo- dyes. Thus, 
if the diazo- compound be boiled with water, 
alcohol, cuprous chloride, bromide, or cyanide, 
phenol,benzene, chlor- brom- or cyan- derivatives 
respectively are produced. If the diazo- com¬ 
pound is treated with a substance containing a 
phenol or aromatic amino- group, a coloured 
substance is formed which is capable of fixing 
itself as a dye on a fabric. Compounds derived 
from unsubstituted amines have only a limited 
application for dyeing purposes, as they are 
cnerally insoluble in water; the sulphonio acids 
crived fnyn them «ire, however, generally 
soluble, and are used extensively {see. art. Azo- 
coLouiUNG matters). The reactions are ex¬ 
pressed by the following equations :— 
C fl H B N 2 Cl+0 6 H c OH=C fl H B N: NC 6 H 4 0H+HC1 
C 6 H 6 N a Cl+C 6 H 5 N(CH^ a 

=C fl H f ,N : NC.H 4 N(CH,) i +HC1 

Tertiary aromatic compounds, such as 
dimethylaniline, react with nitrous acid to 
form p-nitroso compounds, where the nitroso 
nitrogen is attached to the carbon of the benzene 
ring in the para- position to the substituted 
ammo- group. These are highly coloured sub¬ 
stances, and serve as intermediate compounds 
in the production of certain colouring matters 
(methylene blue, &c.), which are used in the 
colour industry. On treatment with caustic 
potash they give secondary amines and salts of 
nitroso phenol. 

Since nitrites of primary, secondary, and 
tertiary amines have been isolated (Wallach, 
Chem. Zentr. 1907, ii. 54; Neogi, Chem. Soc. 
Trans. 1912, 101, 1610; and 1914, 105, 1270), 
it is probable that in all the above-mentioned 
reactions the nitrite of the amine is formed as 
an intermediate product. 

2. With chlorides of aromatic svlphonic acids. 

Primary and secondary amines in strong 
alkaline solution ■ are Converted into amides 
bv* shaking with chlorides of aromatic sul- 
phonic acids; tertiary amines do not react. 
Of then* amides, PhSO.NHR and PhSO,NRR' 
respectively, the first only are soluble in dilute 
alkalis with formation of salts. The primary 
and secondary amines can be regenerated from 
the amides by boiling with cone. HC1 or H^SO* 
at 120°-150° (Hinsberg, Ber. 23, 2963 ; Annalen, 
1891, 265, 178). E. Fischer (Ber. 1915, 48, 99) 
recommends hydrolysis by hydriodic acid and 
phosphonium iodide. These reactions provide the 
only generally applicable method for separating 
mixtures of primary, secondary, and tertiary 
amines. 



t. With acetyl chhride or^cdit anhydride. 

Primary and aeoond&ry amines give, as a 
rule, acetyl derivatives which are insoluble in 
oold water; tertiary amines either do not react, 
or form soluble acetates and hydroohlorides. The 
primary and secondary amines may be regene¬ 
rated by hydrolysis of the acetyl derivatives. 
Since the velocity of the formation of the acetyl 
derivative of the primary is much greater than 
that of the secondary amine, a method based 
on this difference in property has been used to 
separate the two (Menschutkin, Chem. Zentr. 
1900, 1, 1071 ; Potozki and Cwosdow, ibid. 
1903, ii. 339). 

The action #f benzoy chloride is similar to 
that of acetyl chloride. 

4. With oxalic ester. 

Several of the aliphatic primary and secondary 
amines react with ethyl oxalate, the former 
giving solid diamides and the latter liquid 
oxamio esters. Tertiary amines do not react. 
Primary and secondary amines are regenerated 
by boiling with potash (Hofmann, Ber. 1870, 3, 
109, 776; Duvillior and Buisinc, Ann. Chim. 
Phys.* [6] 23, 299). Hofmann used these 
reactions for the separation of the three ethyl- 
amines, and it has been used since in other cases. 

6. With magnesium methyl iodides. 

Primary amines react, giving two molecules 
of methane for every molegule of aini^e: 

RNH 3 -f 2MeMgI = RN(MgI) 2 +2CH 4 

Secondary amines react in a similar manner, 
but give one molecule of methane for every 
molecule qf amine: 

RR'NH+CH 8 MgI =* RR'NMgl+CH, 

Tertiary amines either do not react or they 
form addition compounds with the reagent 
(Sudborough and Hibbert, Chem. Soc. Trans. 
1909, 95, 477; IJibbert and Wise, ( hem. Soc. 
Trans. 1912, 101, 344). 

6. With o-xylylene bromide. 

Primary amines react, giving two molecules 
of HBr and liquid derivatives of o-xylylenciminc 
(dihydroiwindol). 

Secondary amines react, giving crystalline 
quaternary ammonium bromides and one mole¬ 
cule of HBr: 

C . R <K+ N «. R 

= c « H <<xH;> NR + 2HBr 

C « H «<TF : lr + NHRR ' 

Br 


Tertiary aliphatic amines give addition pro¬ 
ducts of one molecule of xylylenebromide with 
two of amine. Tertiary aromatic amines and 
amino- compounds do not react (Scholt^ Ber. 
1898, 31, 1707). 

7. With aromatic aldehydes. 

Primary and secondary amines form com¬ 
pounds with loss of water: 


C-H,CH0+NH 2 R =» C e H.CHNR4-H 2 0. 
C 4 H fi CH0+2NRR'H s =C e H 6 CH(NRR') 2 +H 2 0. 


Tertiary amines do not react (Schiff, Annalen,! 
159, 159). 

8, With chloroform and potash. 


Prfmury ttniaM ga« wagfiuidw on 
RNH,+CHa,+SKOH-aNC+JKa+aH^O 
(Hofmann, Ber. 3,767). 

Secondary and tertiary amine* give no 
characteristic reaction. 

9. With carbon disulphide. 

Aliphatic primary and Beoondary amines 
react as follows:— 

CS, + 2NH ,R = SC <Csh-NH„R. 
CS 1+ 2NMn ! R'=-- S C<™. R flRR , 

On boiling the product o£ the action of CS* 
on primary amines with metallic salts (HgCl a or 
FeClj), mustard oils are produced, and primary 
amines partly regenerated. 

SC <SH-NH Jt = S (:NR + H,S +NH.R. 
(Hofmann, Ber. 8, 105, 401; 14, 2764; 16, 
1290). 

Aromatio amines give substituted thioureas. 

2RNHj+CS*~H|S+(RNH),CS. 

10. With the alkali metals. 

Primary and secondary amines dissolve with 
evolution of hydrogen and formation of sub¬ 
stances of the type liNIIK or RNK 2 . Tertiary 
amines do not react. 

11. With oxidising agents. 

Oxidation with potassium permanganate 
decomposes aliphatic amines with formation of 
aldehydes and acids. 

With Caro’s acid (IJ 2 SO # ), primary amines 
of the type ROH 2 NH 2 are oxidised to hydroxyl- 
amines and hydroxamic acids, all of which give 
a characteristic colouration with ferric chloride. 
Ketoximcs are formed from amines of the type 
RR'CH-NH 2 ,whilstthosCof tlie type RR'R''C‘NH 8 
give nitroso- and nitro- derivatives (Bamberger, 
Ber. 1902, 35, 4293 ; 1903, 36, 710). - J 

With hydrogen peroxide aliphatio, secondary, 
and tertiary amines give hydroxylamines and 
N-oxides of type RR'NOH and RR'R"NO (Dun- 
stan and Goulding, Chem. Soc. Trans. 76, 
1104). > 

Oxidntion of aniline and its para compounds 
gives quinone. 

12. With hypochlorous acid. 

Tertiary amines react with hypoohloroui 1 
acid to give a dialkylchloramine (Meisenheimer, 
Ber. 1913, 61, 166) 

(CH s ) a N-f 2HC10 

« (CH 3 ) 2 N*Cl+CH 2 0-t-H s 0-f HCl 
Diaminbs. 


These may be regarded as derived from , 
hydrocarbons by sepia cement of two hydrogen 
atoms by two amino- groups, or from two 
molecules of ammonia by replacement erf two 
hydrogen atoms one from each molecule by a 
hydrooarbon residue. Certain of them occur 
as decomposition products of the animal organ¬ 
ism, the chief of these being pvirescint (tetra- 
methylene diamine), and cadaverine (penta* 
methylene diamine). Diamino- acids are an 
important product of the decomposition of 
proteins. 

Preparation. —The ‘bnethoda are entirely 
analogous tf) those used in the preparation of 
monamines. Aliphatio diamines are obtained 
by the action pf aqueous ammonia on dihalogen 
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derivative* of hydrocarbons; this method is not 
generally applicable to the preparation of 
aromatic mono- or diamino- compounds, but a 
modification of it, which consists in treatment 
of p-chlormonamincs with aqueous ammonia in 
presence of copper salts, is used in the commercial 
manufacture of % p-phenylene diamine and its 
homologues (Ger. Pat. 204848, 1908). Aromatic 
diamino- compounds are propared on the com¬ 
mercial scale chiefly by the reduction of 
dinitro- compounds ; but practically all the 
methods for the production of monamines are 
also available for that of diamines. 

Properties. — The aliphatic diamines are 
strongly basic substances, their basicity in¬ 
creasing with the number of methylene groups 
(Bredig, Zeitsch. physical. Chem. 1894, 13, 308). 
Their boiling-points are much higher than thoso 
of the corresponding monammes. Their hy¬ 
droxides, which are (liacid bases, are extremely 
stable, and arc only decomposed on boiling 
with caustic alkalis or distillation over metallic 
sodium. The list of the chief aliphatic dia¬ 
mines and their physical constants {see p. 133) 
is taken from Meyer and Jacobsen’s Lehrbuoh 
df'r Organischer (Jhemie. The unsubstituted 
aromatic diomino compounds differ from the 


corresponding mqpamines by being easily 
soluble in water, 'rheir solutions in water are 
easily oxidised, but the dry bases are stable in 
air. 

Reactions .—Diamines give the ordinary 
reactions characteristic of the amino- group, but 
primary aromatic ©-amino- compounds and to 
some extent aliphatic diamines, possess in 
addition, the property of forming condensation 
products containing nitrogen rings, m- and p- 
diainines do not exhibit this property. 

1. With aldehydes. 

With aliphatic diamines, cyclic compounds 
are formed as well as the ordinary alkylidene 
bases. Thus the action of formaldehyde on cold 
solutions of ethylene diamine results in the 
formation of a compound C 8 H, 8 N 4 , to which 
the formula 


CHj-N—CH 2 —N—CH t 



hits been assigned (Bischoff, Ber. 1898, 31,*3264). 

Aromatic ©-diamino- compounds give alde- 
hydines or anhydro bases : 


Aliphatic Biamines. 



Formula * 


B.pt. 

Sp.gr. 

Ethylenediamine 

NH/CH/CH.NH., 

cH 3 -CH(Nir ,)on --nh 2 

+8-6° 

116-5° 

0 902 (15°) 

Propylene „ 
Trimethylenediamine 

_ 

119°~120° 

0-878 (16°) 

NHs'CHs! Ctf.. ch 2 -nh 2 

— 

135°-136° 
(738 mm.) 



a/J-dlami nobutane . 

. . 

OSii'OH? CH(NH ■) CH.-NHo 
CHs‘CH (KH 2 ) Wz CJfcNH, 

— 

130 '-155° 
141° 

(738 mm.) 
158°-160° 


at- „ „ . . 

NH* ch 2 ch 2 ch 2 ch 2 nh 2 

ch 8 oh(nh 2 > 0IT(N T H2)CH ;1 

NH 2 CH/Gn . OH, OHo CH 2 NH 2 
CH 8 CH(KH 2 )CH 2 CH(NH2) CH„ 

27°-28° 


fir „ „ ■ * . 

««- pentane 

only known 

as its salts 

_ 

— 

178°-179° 

0-917 (0°) 

fit- ,!■ . . 

a modi flea- 

46°-47° 




tion 

(20 mm.) 




ft modi flea- 

43°-44° 

— 


KH 2 CH 2 *CH(CH 3 ) CH/CH 2 NH 2 

tion 


0-8886 (?j£) 

/Mnethyl-aS-diamlnobutaue 

inactive 

172°-173° 


form 




active form 

170° 

_ 

aC-diaminohexane . 

NH s -CHo(CH 2 ) < Cir 2 -NH 2 

89°-40' 

100° 

— 

/3c- ,, i, • • . 

CH 3 -CH(NH 2 )(CH 2 ) 2 CH(NH 2 )CII b 

0 derivative 

175-5° 

_ 



(753 mm.) 




X M 

174-5°-175-5° 
(762 ram.) 

176° 

78°-80° 

— 

/S-methyl-aS-diaminopentane . 
/J-methyl-ac- ,, „ 

NH 2 -Cn 2 *CH(CH s )-CH 2 -CH(NHo)CH 8 

NH a -CH 2 -CU-(CH 8 )(Cl1 2 }2CIl 2 NH2 

- 

- 

j3-y-diraethyl-^r di & min °l )uta,ie 

(CHj) 2 0(NHj) COIIIaXCH,), 

97°~99° 

(18 mm.) 
147°-149° 
(740 mm.) 
223’-226° 

— 

an-diaminoheptane . 

NHj(CH 2 ) 7 NII> 

28°-29° 

_ 

aS-diaminooetane . 

NH 2 (CH 2 ) 8 N11o 

62° 

225°-226° 


|5»-dlmethyl-|Se-diamlnohexane . 

(OHsl.CfraaKCHaWNH )C(CH 3 )j 

solidifies 
at 0° 

186° 

0-868 Q 

yt-dimethyf-yS-diaminohexane 

C.H.-C(CH s )(KH,)(lfir )C(CH s VC 2 H s 

only kno\#n 
37^87*6° 

as its salts 


ai-diaminononane 


258°-259° 


pC‘dlmethyl-(8C-dlarnliioheptnne 

(OH,),C(!fH s )(CH,) s (NH 2 )q(CH ,), 

- 

204°-206° 

0-8654 Q 

aw-dlaminodecane . 

Nn 2 (CH 2 ) 10 NH 3 

fll'5° 

140° 

__ 

/5>j-dimethyl-/Jii-diaminooctane 

(nislaCINHaKCHai.iNII.incnsla 

31° 

(12 mm.) 
226°-229° 

0-8844 ( “°) 


ce 


OHCR /\/ NH \ 


OHCR 


\A 


CR + 2H t O 


N-CH*R 


(Ladenburg and Engelbrecht, 3*er. 1878, 11, 
1053; Einaberg, ibid. 1880, 19, $u25). 

The aJdekyaines ore strongly basic bodies, 


and not decomposed on boiling with dilute 
acids and alkalis. They are very stable toward* 
oxidising and reducing agents. Their deriva¬ 
tives are used as dyes. 

p- and m-diamines give alkylidene bases. 

2. With l.2-dicarbonyl compounds {aldehydes 
or ketones). 
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o- Diamine* compounds react to give quinoxa- 
Jlne (anne) derivatives (Hinsberg, Annalen, 342, 
1886): • 

/NH, 0 : CR /\/ \» 

.11 I + 2H a 0 


N '/NnH, 0 : CR X/Xn/ 1 
3. With nitrous acid. 

o-Diamino- compounds form azimines (I.a- 
denburg) 

/\,NH, 

I L + HONO =1 


yf-OH 


/NH, 


NH 


\/\n^" 


N + 211,0. 


Diamino- compounds both m- and p - will 
react in the ordinary way in presence of much 
hydrochloric aoid, giving bis-diazo- compounds ; 
in neutral solutions m-diamino- compounds give 
triamino azo benzene and its homologucs. The 
reaction in the case of m-phenylone diamine is : 
eO.H^NH*). + HONO 

= NH» , C # H 4 *N: N*0 6 II 3 (NH,) 2 . 
The substances formed are brown and very 
deeply coloured. The reaction is used as a tost 
for the presence of nitrites in water analysis 
(Griess, Ber. 1878, 11, 624). 

Aliphatic diamines give glycols and oxides 
4. With organic acids , acid chlorides or 
anhydrides. • • 

Aliphatic diamines and m- and p-diamino- 
compounds form normal derivatives; in the 
cases of aliphatio substances, these derivatives 
are partially decomposed on heating, giving 
oyclio compounds of the iminoazole type: 
CH a -NHCOCH 3 CH a —Nil 
| = [ XOCH.+CHj-COOH 

CHj-NHCOCH, CH,—NX 

o-Diamino- compounds give similar com¬ 
pounds, without the intermediate formation of 
the acyl derivative: 

/\NH, 

j + CHj-COOH 
/NH, Nil 


■a 


WcH, + 2H,0 

6. With mineral acids. 

All diamines form stable salts. Those of 
the aliphatic series are decomposed on heating 
with separation of ammonium salt and formation 
of cyclic compounds. Thus, tetramethylene 
diamine gives pyrrolidine and pentamethylone 
diamine gives piperidine: 
NH 2 (CH 2 ) 4 lM a ,HCl=NH 4 Cl-fH a C-,CH 


v /4h, 


CH, 

NH,(CH,),NH„Ha-=NH 4 a+H,C | /\0!H, 

h,cMch, 

The higher homologues, however, do not 
form ring oompounds containing a corresponding 
number of atoms in the ring. Thus, octomethy- 
lene diamine hydrochloride, on heating, does not 
give ootomethylene inline, which would contain 
a ring of nine atoms, but 2-butylpyrrolidine. 
Similarly, decamethylene diamine gives 2- 
hexylpyrrolidine (Blaise and Houillon, Compt. 
rend. 1906, 142, 1641; 1906, 143, 361), 

Vgl. l.~T. 


The aromatic diamines are the starting- 
points for the preparation of a large number of 
dyes, and henoe are of commercial importance. 
The following are the chief members of tho 
series:— 

o-Phenylenedtamine C 8 H 4 (NH a ) a . First ob¬ 
tained by Griess by the distill^ion of o-m- and 
m-p- diaminobonzoic acid: 

C e H 3 (OOOH)(NH 2 ) a =C a H 4 (NH 3 ) a +CO l 

(1, 2. 3, or 1, 3, 4) (1, 2) 

(J. pr. Chem. 12] 3, 143). By the reduction 
of' o-nitraniline C 2 H 4 (N0 2 ) (NH 2 ) (1, 2) (Zinoke 
and Sintenis, Ber. 6, 123), or of o-dinitroben- 
zene C 8 H 4 (NO a ) 2 (|, 2) (Riftne and Zincke, 
Ber. 7, 1374), with tin and hvdroohlorio aoid.— 
Crystallises from water in laminte, melting at 
102°. Boils at 262°. Readily soluble in water, 
alcohol, and ether. Diaeid base, the sulphate 
2[C a H 4 (NH a ) 2 ,H 2 S0 4 l 3II 2 0 forms nacreous 
lamina?. It, gives all the reactions for o-diamino- 
compounds referred to above. On oxidation 
with ferric chloride it gives a rod compound, 
diammophenazine: 

. NH 2 


+ C 8 H 4 (NTT 2 ) a -f30 


= 1 


;C 8 H 2 (NH 2 ) a +3H 2 0 


Nil., 


N 

m-Phenylenediamine C 8 H 4 (NH 2 ) a . By re¬ 
ducing m-dinitrobonzene or m-nitraniline with 
iron filings and acetic acid (Hofmann, Proo. 
Roy. Soo. 11, 618; 12, 639), or with tin and 
hydrochloric acid (Gerdemimn, Zeitsch. f. Chem. 
1866, 01). By reducing either (1, 2, 4)- or 
(1, 2, 6)-dinitrobenzoic afcid with tin and 
hydrochloric acid, the carboxyl group* being 
eliminated in the process (Zincke and Sintenis, 
Ber. 5, 791; Griess, Ber. 7, 1223). On a manu¬ 
facturing scale it is prepared by reduoing dinitro¬ 
benzene with iron turnings and hydrochloric 
acid.—Separates from its solutions as an oil 
whioh does not readily solidify unless brought 
in contact with a crystal of the base. Melts 
at 63°, and boils at 287°. Readily soluble in 
water. It gives the typical reactions of m- 
diamino- compounds (see above). 

By the action of a diazobonzene salt on 
m-phenylenediamine, chi y sordine (unsymme* 
trical diamidoazobenzene) is produced: 
C 8 H fi N 2 Cl + C 8 H 4 (NH a ) a 

= HC1 + C 8 H 6 N: N'C 6 H,(NH t ) r 
In the manufacture of phenylene-brown and 
chrvsoidino the solution of crude m-phenylene¬ 
diamine hydrochloride obtained by the reduotion 
of m-dinitrobenzene is employed, without first 
isolating the base. A violet colouring matter is 
obtained by heating m-phenylenediamine with 
aniline hydrochloride to 190®-200°, and a blue 
oolouring'matter by heating it with m-phenylene¬ 
diamine hydrochloride (Krause, Ber. 9, 835). 

p-Phenylenediamine C 8 H 4 (NH S ) 2 . Obtained 
by reducing p-dinitrobenzene (Rinne and Zincke, 
Ber. 7, 871), or p-nitrtyiiline (Hofmann, Proo. 
Roy. Soo. 12*639), or *minoazobenzene (Martiua 
and Griess, Jr pr. Chem. 97, 263), with tin and 
hydrochlorio acid, aniline being formed simul¬ 
taneously in *he case of a mi no a zo ben zene. 
Along with diaminodiphenylamine by reducing 
aniline-black with tin and hydroehlorto aoid or 

0 
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Srifcb hydriodio acid and amorphous phosphorus 
(Nietzki, Ber. 11, 1097). By distilling (1, 2, 5)- 
diaminobenzoio acid (Griess, Ber. 5, 200). By 
action of p-chloraniline on aqueous ammonia in 
presence of oopper salts. Crystals, melting at 
147°. Boils at 267°. Sublimes in leaflets. 
Readily soluble in water, alcohol, and ether. 
Yields quinone on oxidation. When oxidised in 
the presence of primary amines or phenols it 
gives indamines and indophenols, these on heating 
produce safranines. By heating it with sulphur 
to lSO^lBO®, it is converted into diamino* 
thiodiphenylamine (leucothionine, Lauih's while) 


NH<« 


c,H,(NH 2 K., 


which, when oxidised with ferric chloride, yields 
thionine ( Lauih's violet) 

N 

/\/\ 

i 


H,N y s' NH.TICl 
The latter colouring matter may also be obtained 
by the simultaneous oxidation of p-phenylene- 
diamine and sulphuretted hydrogen by ferric 
chloride in aqueous solution (Lauth, Compt. rend. 
82, 1441 ; Bull. Soc. Cliim. 25, 422; Bernthsen, 
Annalon, 230, 108). If dimethyl-p-phenylcne- 
diamine C 0 H 4 (NMe 2 )(NH 2 ) is substituted for 
p-phenylenodiamine in the foregoing reaction, 
tetramethvlthionine (methylene blue) is formed 
(v. Methyiene blue). 

Tolylene-diamines ( Diaminotoluencs ) 

C 6 H 3 (CH S )(NH 2 ) 2 . 

All the six possible compounds are known. 
Their physical constants are as follows :— 


l-Methyl-2:3-dianvnobenzeno 

M.pt. 

01° 

B.pt. 

255° 

„ 2:4 „ 

99° 

28. , S°-286" 

.. 2:5 „ 

04° 

273° 

.. 2:0 „ 

103° 

— 

,.3:4 „ 

88° 

265" 

..3:5 

— 

284° 

Only two of these, however, 

are 

of technical 


importance. 

Tdylenediamine C 8 H 3 (OH 3 )(NH 2 ) 2 (1, 2, 4). 
Obtained by the reduction of the corresponding 
dinitrotoluene. Sparingly soluble in cold, 
readily soluble in boding water, in alcohol, and 
in ether. Forms crystalline salts. As the two 
amtno groups in this compound are in the 
meta- position to one another, it is an analogue 
of m-phenylonediamine, which it resembles in 
many of its reactions : thus 2: 4-tolylenediamine 
may either wholly or in part replace the m- 
phenylenediamine used in the manufacture of 
phenjdene*brown, producing colouring matters 
the shade of which is redder than that of ordinary 
phenylene-brown. 

Tolylenediamine C fl H s (CH 3 )(NH 2 ) 2 (1, 2, 5) 
is obtained by the reduction of tho corresponding 
ttf-nitro-o-toluidine C 8 H 8 (CH 8 )(NH 2 )(N0 2 ) (1,2,51 
with tin and hydrochloric acid (Beilstein and 
Kuhlberg, Annalen, 158, 360; Ladenburg, Ber. 
II, 1651). Formed along with o-toluidine when 
the aminoazotoluene prepared from o-toluidine 
is treated with the saint reducing agent: 


oh; 


TNiN/ 


/\ 




CH, 


+2H|, 



The two bases may be separated by fractional 
distillation (Nietzki, Ber. 10, 832). This reaction 
is utilised in preparing the mixture of o-toluidine 
and 7 -tolylene-diamine which, after the addition 
of a second molecule of a monamine (either 
aniline or o- or p-toluidine), yields on oxidation 
safranine. On a largo scale tho aminoazo¬ 
toluene is reduced with iron turnings and hydro¬ 
chloric acid. Crystallises in colourless rosettes 
of tabular crystals. Readily soluble in water, 
alcohol, and ether, sparingly soluble in benzene. 
Yields on oxidation toluquinone O 0 TI 3 (CH 3 )O 2 . 

Other diamines of this series are— 

Xylylene diamines: 

1*.3-dimethyl, 2.4-diaminobenzene, m.p. G4*. 

1.3- „ 4.0 „ „ „ 104°. 

1.3- „ 2.5 „ „ „ 77°. 

Diaminotrimethylbenzcnes : diamino- pseudo- 
cumenes: 

1.2.4- trimethyl, 5.0-diaminobenzene, m.p. 90°. 

1.2.4- „ 3.6 „ „ m.p. 78°. 

Diamino mesitylene: 

1.3.5- trimethyl, 2.4-diarainobenzene, m.p. 90°. 

Similar diamines have been prepared from 

naphthalene and other hydrocarbons. 

Thiamines, Tktramines, and Pentamines. 

Very few of these substances are known. 
Their properties are similar to those of other 
substances containing the amino group. 

1.2.3- triaminopropane ; b.p. 190° (Curtius, 

J. pr. Chem. 1900, 02, 232). 

2.3.5-triaminohexane (Morelli and Marchotti, 
Atti del Aooad. Lin. 1908, [5] 17, 1, 250). 

The three modifications of triaminobenzene 
are all known. 

1.2.3- triaminobenzene ; m.p. 103°; b.p. 336°. 

1.2.4- triaminobenzene is formed by reduc¬ 
tion of o-p-dinitraniline or of chrysoidine. On 
oxidation it gives triaminophenazin. 

1.3.5- triaminobenzene is only known in the 
form of its salts. 

I.2.3.4. and 1.2A.54etramin6benzen*8 pre¬ 
pared by the reduction of oximes and nitro 
compounds, have been isolated as their sparingly 
soluble sulphates (Nietzki and Schmidt, Iter. 
1889, 22, 1648 ; Nietzki, Ber. 1887, 20, 2114). 

Ventaminbbenzene has been obtained as the 
hydroohloride with 3 molecules of HQ, by reduc¬ 
tion of triaminodinitrobenzone (from tribrora- 
benzene and ammonia). Pentaminotoluene has 
been similarly obtained. 

Reduction of trinminotrinitrobenzene gives 
• pentaminobenzene (Palmer and Jackson, Ber. 
i»8b, 21, 1700, Palmer and Grindiey, ibid. 
1893- 26, 2304). T. S. M. 

AMINO-ACIDS. The amino-acids may be 
conveniently described under the two heading! 
(a) Aliphatic Amino-acids, and (6) Aromatic 
Amino-acids. 

Aliphatic Amino-acids. The amino-fatty 
acids are of great physiological importance, 
many of them occurring in plant and animal 
organisms. They are products of proteid de* 

f radation, and mav be obtained from protein* 
y heating with hydrochloric acid or baryta 
j water. The general methods in use for pro- 

n#«nn fViooe a/nrlfl urn • 
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(1.) By treating the monohalogenated fatty 
acids with ammonia: 

CH a Cl*COOH CH a (NH a )COOH 
Chloracetlo acid. Glycine. 


For examples, c/. Fisohor and Smits (Ber. 
1906, 39, 351). 

(ii.) By heating the cyanhydrin of an alde¬ 
hyde or ketone with ammonia and then hydro¬ 
lysing the product, whereby an a-amino-acid is 
produced: 

OHj'CH CTfi w CH, CH<^| 

" -> CH a 'CH(NH,)COjH 

Alanine. 

(iii.) By the*reduction of the cyanofatty 
acids with nascent hydrogen (Zn or HC1 or by 
heating with HI): 

CNCO-OH + 2H a = CH 2 (NH a )CO a H 

Cyanoformlo acid. 


(iv.) By Gabriel’s phthalimido reaction (t\ 
preparation of amines 4 (b) ), using a halogen 
substituted ester instead of an alkyl haloid: 
-CO- 


c b h, 




NK 


-> C,H,<^pQ^>NCH a COOG,H J 

-> C,H 4 (OOOH) s + NH a 'CH a 'COOC,II t 
By using brommalonic ester the compound 

°* H *<CO> N - CH ^ OOC » H 3a 


is obtained. The remaining hydrogen atom of 
the methylene group is replaceable by sodium, 
and by reaoting with alkyl haloids on the 
sodium oompound, compounds of the general 
formula 


°» H ‘<CO^> N—C '( C00CjH ')* 


are obtained. From those, by suitable treat¬ 
ment, it is easy to get acids of the general 
formula NH a *CHR'COOH (Sorenson, Zentral- 
blatt. 1903, ii. 33). 

The amino-acids are crystalline bodies with 
high melting-points, usually soluble in water, 
but sparingly soluble in alcohol and ether. The 
o- compounds are sweet, the ^-compounds less 
so, ana the y-compounds not at all. Moulds 
grow well in solutions of y-amino-acids, less well 
m /3-acids, and hardly at all in a-acids. They 
are amphoterio, t.e. feeble bases and feeble acids, 
and there is reason to think that in solution 
they exist as internal salts, e.g. glycoooll: 

CH a —NH a 

00 —L 


They have, fa addition to tfes properties charac¬ 
teristic of amines and of acids, the following 
special properties:— 

<*> Their esters, with nitrous acid, give 
dlazo- compounds, although the acids themselves 
undergo with nitrone acid the normal reaction 
of aliphatio amines 


<11 

. . . + 2H.0 

0OOO.H, bOOC.H, 

NH.CH.COOH+HNO, 

= HOCH.-COOH+HjO 
(S) Anhydrides, which are fa fact derivatives 


CH.NH, 0H< 

+ HN°,- io 


ioi 


of piperazine, are formed by a anino-aolds, e.j, 
glyooooll gives glyeide 

NH—OH,—CO 


CO—CH a —NH 

Dikatoninerazlno. 


Heating with glycerol promo tea the forma¬ 
tion of these anhydrides (L. C. Maillard, Ann. 
Chim. 1915 [ix.] 3, 48 ; 4, 225). 

Important amino-acids arc glycine, alanino, 
phenylalanine, tyrosine, leucine, valine, serine, 
cystine, tryptophano, histidine, arginine, lvsinc, 
aspartic acid, and glutaminio acid, whioh are 
described under their respective headings (w. 
also Proteins). 

(1) Aromatic Amino-acids. A true aromatio 
amino-acid such as anthranilic acid, contains 
both the amino- and th^carboxyl- groups united 
to carbon atoms in the benzene ring. Isomeric 
with these are acids which contain the amino- 
group or the carboxyl- group or both, introduced 
into fatty side chains, tho last two classes being 
really substituted fatty acids. 

The general methods in use for preparing 
aromatic amino-acids are: 

(i.) By reducing tho corresponding nitro- 
acids: 

C fl H 4 (NO a )COOHf 1:2) -> C fl H 4 (NH.)COOH(l:2) 
o-nitrobenzoic acid. Anthranilic acid. 

(ii.) By treating the halogen substituted esters 
of carboxylic acids with potassium phthalimide 
and hydrolysing tho product with hydrochlorio 
acid at 200 . 

The aromatic amino-acids are used in the 
preparation of azo-dyestuffs (q.v.). 

O’Aminobenzoic acid. Anthranilic acid 
C 8 H 4 (NH a )CO a H b (1: 2) 

It was first obtained by heating indigo with 
caustic potash (Fritzsche, Annalen, 39, Sl>). It 
may be prepared by the reduction of o-nitro- 
benzoio acid with tin and hydrochlorio acid 
(Beilstein and Kiihlberg, Annalen, 163, 138), 
or with zino and sodium bisulphite (Gold- 
berger, Chem. Zentr. 1900, ii. 1014; v. also 
Preuss and Binz, Zeitsch. ans^w. Chem. 1900, [16] 
385 and Bad. Anil. u. Soda Fab. Eng. Pat. 18319; 
J. Soc. Chem. Ind. 1900, 774) ; By heating o- 
ohlorbenzoio acid and ammonia at 125° under 

E ressuro (Farbw. Meister, Lucius und Briining, 
>. R. P. 145604 ; Chem. Soo. Abst. 1904, 1. 
50) ; by treating phthalimide with sodium 
hypochlorite and hydrochlorio acid or bromine 
and caustic potash (Hoogewerff and van Dorp, 
Ber. 1891, Ref. 966 ; Bad. Anil, und Soda Fab. 
D. R. P. 55988 ; Frdl. ii. 546 ; Amsterdamsche 
Chininefabrik, Eng. Pat. 18246 ; J. Soo. Chem. 
Ind. 1891, 831) ; by boiling phthalhydroxylamio 
acid, formed by treating phthalio anhydride 
with hydroxylamine, with caustio soda or sodium 
carbonate (Cie. Par. de Coul. d’Aniline, Fr. Pat. 
318050 ; J. Soo. Chem. Ind. 1902, 1392 ; Farbw. 
Meister, Luoius und Briining, Eng. Pat. 1982, 
D. R. P. 136788 ; Basler Chemisohe Farbw.; 
D. R. PP. 130301, 130302) ; by reducing lutoh- 
anthranilio acid eleotrolytically or with sodium 
amalgam (Kalle and Co. IX R. P. 129106 ; Chem. 
Zentr. 1902, i. 1138; D.Tt. P. 146716; Chem. 
Soc. Abst. 1&4, i. 159) ; by treating o-nitro- 
toluene with concentrated alooholio or aqueous 
alkali (Bad. Awl: und. Soda Fab. D. R. P. 
114839 ; Chem. Zentr. 1900, ii. 1892) ; by heating 
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»toio acid with concentrated hydroohloric acid 
Kolbe, J. pr. Chem. [2] SO, 124); and by oxidis- 
jig aoeto-o-toluidide with permanganate in 
presence of magnesium sulphate and hydrolysing 
the product (Bad. Anil, und Soda Fab. D. R. P. 
94629). 

Anthranilio , acid is of great commercial 
importance, as it is one of the intermediate 
products in the manufacture of synthetical 
indigo. It crystallises in colourless plates, 
rn.p. 144'6°, and is rcaddy soluble in alcohol or 
water. It condenses with formaldehyde, form¬ 
ing compounds which arc of use in the prepara¬ 
tion of indigo (Heller and Ficsselmann, Annalen, 
324, 118 : Bad. Anil, und Soda Fab. D. R. PP. 
117924, 158090, 15834ft; ,7. Soc. Chem. Ind. 
1905, 616). Reduction with sodium amalgam 
in hydrochloric acid solution yields o-amino- 
benzylalcohol (Langguth, Ber. 1905, 2062). 
Concentrated hydriodic acid decomposes it at 
200° into ammonia, carbon dioxide, aniline and 
benzoic acid (Kwisda, Monatsh. 12, 427); whilst 
nitrous acid converts it in aqueous solution into 
salioylio acid. Anthranilic acid is employed in 
the preparation of azo- dyestuffs (<j.i>.) (v. also 
Bayer and Co. D. R. P.P 58271, 60494, 60500, 
86314 ; Frdl. iii. 614 el seq- ; iv. 796). • 

The methyl ester of anthranilic acid occurs m 
Neroli oil (oil of orange flowers) (Walbaiim, 
J. pr. Chem. 1899, 59, [6-7] 350). It is prepared 
by heating anthranilic acid with methyl alcohol 
and hydroohloric acid (Erdmann, Ber. 1899, 
1213; D. R. P. 110386) or from acetylanthra- 
nilic aoid, methyl alcohol and mineral acids 
(Erdmann, D. R. P. 113942 ; Chem. Zentr. 1900, 
ii. 831). It is a crystalline solid, m.p. 24 5°, 
b.p. 135-5° (15 mm.). The ethyl ester melts at 
13 S and boils at 136°-137° (13-6 mm.); at 20h° 
268° (oorr.) (Frankq] and Spiro, Ber. 1895,1684) 
Aminobenzoio acid alkamine esters (e. p-amiuo- 
benzoic acid). 

Anlhraml OH 

/CO /| \ 

C,H/ | or C,H/ | J>0 
NH oNp 

is the anhydride or lactam of anthranilio aoid, 
its constitution being still under disoussion. It 
is prepared by treating the dimeroury derivative 
of o-nitrotoluene (obtained by suspending o- 
nitrotoluene in water and heating it with freshly 
precipitated mercuric oxide ana caustio 6oda) 
with concentrated hydrochloric acid and decom¬ 
posing the product with water (Kalle and Co. 
Ft. Pat. 370622; D. R. P. 194364; J. Soc. 
Chem. Ind. 1907, 278 ; 1908, 713); by heating 
o-nitrotoluene with caustio soda to 170* (Kalle 
and Co. J). R. P. 194811 ; Chem. Soo. Abstr. 
1908, i. 786); by the reduction of o-nitrobenz- 
aldehyde with aluminium amalgam (Briihl. Ber. 
1903, 3634); and by the oxidation of o-amino- 
benzaldehyde with a neutral solution of Caro’s 
persulphurio acid (Bamberger and Demuth, Ber. 
1903, 829; 2042). 

Anthranil is an oil, readily volatile in steam, 
possesses a peculiar odour, and boils at 210°- 
213*. It dissolves in alkalis to form salts of 
anthranilio acid and on treatment with aoetio 
anhydride yields acetylanthranilio acid. 

.m-Aminobenzoic acid. Benzamic acid 
C.H 4 (NH 9 )C0 8 H (1:3), is prepared by re¬ 
ducing m-nitro benzoic acid with ammonium sul¬ 
phide and subsequently precipitating the aoid with 


tartaric acid (Holleman, Reo. Trav. Chira. 1902, 
[ill 21, 66; v. also Gerland, Annalen, 91, 188). 
It is a odourless orystalMne solid, m.p. 174°; 
sparingly soluble in cold, readily so in hot water. 
Reduction with sodium amalgam in hydro¬ 
chloric acid yields m-aminobenzyl alcohol (Lang¬ 
guth, Ber. 1S)05, 2062). Concentrated hydriodic 
acid transforms it into ammonia and benzoic 
acid (Kwisda, Monatsh. 12, 428). tn-Amino- 
ben zoic acid is used in the preparation of azo- 
dyestuffs (tf.v.) (Bayer and Co., I). R. PP. 68271, 
69081, 60494, 60500, 63104, 64629, 69446, 
74198, 74516, 78493, 86314; Ml. iii. 614 
et seq., Til et seq. ; iv. 793, 796 ; Ges. f. Chem. 
Ind., D. R. P. 76127; Frdl. iii. 716). Amino¬ 
benzoio acid alkamine esters ( v . />-aminobenzoio 
acid). 

p-Aminobenzoic acid C 6 H 4 (NH 2 )CO a H (1: 4), 
is prepared by the reduction of p-nitrobenzoic 
acid with ammonium sulphide (Fischer, Annalen, 
127, 142) or with tin and hydrochloric acid 
(Bcilstcin and Wilbrand, Annalen, 128, 164). 
It is a colourless crystalline solid, m.p. 186°- 
187°, readilv soluble in water, alcohol, or ether. 
Strong hydrochlorio acid at 180° converts it 
into aniline and carbon dioxide (Weith, Ber. 1879, 
105) and hydriodic acid at 200° into ammonia, 
carbon dioxide, and benzoic acid (Kwisda, 
Monatsh. 12, 428). p- Aminobenzoio acid is 
used m the prepai^ition of azo- dyestuffs fa.v.) 
(Bayer and Co. D. R. PP. 58271, 60494, 60500, 
86314; Frdl. iii. 614 ct seq. ; iv. 795; Ges. 
f. Chem. Ind., I). R. P. 76127 ; Frdl. iii. 746). 

Many complicated alkyl- and alkamine esters 
of the aminobenzoio acids have been prepared 
and they aro claimed to be valuable anaesthetics 
(Farbw. Meister, Lucius, and Bruning, I). R. PP. 
170687, 172301, 172447, 172568,179627, 180291, 
180292, 194748, Eng. Pat. 17162, Fr. Pat. 
361734, U. S. Pat. 812554 ; J. Soo. Chem. Ind. 
1906, 607 ; 1907, 434; Chem. Soo. Abstr. 1906, 
i. 845 etseq. ; 1907, i. 923 ; 1908, i. 638 ; Merck, 
D. R. P. 189336; J. Soc. Chem. Ind., 1908, 
471; Bayer and Co. D. R. PP. 211801, 218389, 
Eng. Pat. 4321 ; J. Soo. Chem. Ind. 1909, 854; 
Chem. Zentr. 1910, i. 782 ; Fritzsohe, Eng. Pat. 
2020, Fr.. Pat. 398259, D. R. P. 213459; 
J. Soo. Chem. Ind. 1909, 814). 

4’AminO‘O-toluic acid C i H,*CH,(NH 8 )CO,H 
(1:4:2); m»p. 196°. Obtained by the reduction 
of 4-nitrotoluio aoid with tin and hydrochlorio 
aoid (Jacobsen and Wierss, Ber. 1883, 1959). 

5- Amino-o-toluic acid C e H 8 <ff3|(NH 9 )C0 2 H 
(1:6:2); m.p. 153°, is obtained Dy the re¬ 
duction of 6-nitrotoluio aoid with tin and hydro¬ 
chlorio acid (Jacobsen, Ber. 1884, 164). 

Q-Amino-o-toluic acid C 4 H l °CH 8 (NH a )C0 8 H 
(1:6: 2). Method of preparation as above; 
m.p. 191* (J. and WN.cA 

2 -Amino-m-toluic acid C s H 8 -CH 3 (NH 9 )C0 8 H 
(1:2: 3). Method of preparation as above; 
m.p. 132* (Jacobsen, Bar. 1881, 2354), 172° 
(Jffrgens, Ber. 1907 4409). 

4 -Amino-m-toluic acid (MeiJvylarUkranilic 
acid) C 6 H 8 *CHj (NH a )*C0 8 H (1:4: 3). Obtained 
by reduction of 4.nitro-ro-toluio acid with tin 
and hydrochloric acid (Jacobsen, Ber. 1881,2854) 
or by treating p-methylisatoio aoid with concen¬ 
trated hydrochlorio acid (Panaotovio, J. pr. 
Chem. [2] 33, 62) ; m.p. 172* (Ehrlich, Ber. 1901, 
3366), 175® (Findeklee, Ber. 1905, 3533). 

6- Amino-m-toluic acid C 4 H, •CH 8 (NH^CO|H 
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(1:6:3); m.p. 167°. Obtained by reduction 
of 6-nitro-m-toluio ao*d (Beilstein and Kreusler, 
Annalen, 144, 147). 

2- Amino-p-toluic acid C 8 H 3 -0H 3 -(NH a )-C0 2 H 
(1:2:4); m.p. 164°-165°. Method of preparation 
as above (Ahrens, Zeitsch. f. Chemie, 1869, 104). 

3- Amino-p-toluic acid (Homo-anthranilic acid) 
C 8 H 8 •CH 3 (NH a )CO a H (1:3:4); m.p. 177°. 
Method of preparation as above (Nicmontowski 
and Rozanski, Ber. 1888, 1997; Noyes, Anier. 
Chem. J. 10, 479). 

1 '-Amino-o-toluic acid , ( Hnizylamine-o-car- 

boxylic acid) NH a 'CH a ‘C 6 H 4 -C0 2 H (1: 2). Ob¬ 
tained by digesting I part of o-cyanobcuzyl- 
phthalimide with 4 parts of concentrated sulphuric 
acid (Gabriel, Ber. 1887,2231). Crystalline non¬ 
volatile solid. 

1 '.Amino-m-toluic acid (Bcnzylamine-m-car- 
boxylic acid NH a , CH ! >*C a n 4 *CO.,R (1 : 3); m.p. 
215°-218°. By heating at 200° a mixture of 
2 grams m-cyanobenzylphthalimide and 10 c.c. 
concentrated hydrochloric acid (Reinglass, Bor. 
1891, 2419). 

V-Amino-p-toluic acid ( Be.nzylamivc-p-car - 
boxylic acid ) NH a CH a 'C G H 4 , C0 3 H (1 :4). Method 
of preparation as above (Gunther, Ber. 1890, 
1060). Crystalline solid. 

2- Amino-a-toluic acid (2-Arnntopkenylacc- 
tic acid) NH a *C 8 H 4 , CH 2 , CO^El (1:2) is not known 
in tho free state; all attempts to prepare it 
result in the formation of its anhydride,oxmdole. 

Oxindole 

, '« ti -<n" 2 > co 

is obtained by treating 2-intro-o-toluic acid 
with tin and hydrochloric acid (Bayer, Ber. 
1878, 583), or by reducing dioxindole with tin 
and hydrochloric acid, or with sodium amalgam 
(Bayer and Knop, Annalen, 140, 29). Crystal¬ 
lises in colourless needles ; m.p. 120°. 

3- Amino-a-tolmc acid (3 -Aminophcnylace- 
tic acid) NH 2 (.' 8 H 4 'CH a 'C0 8 H (1 : 3). Obtained 
by reducing 3-nitro-a-toluio acid with tin and 
hydrochloric acid; m.p. 148°-149° (Gabriel and 
Borgmann, Ber. 1883, 2065). 

1- Amino-a-toluic acid ( i.-Amincw1icnylacelic 
Mid) NH a C a H 4 CH a CO a H (1:4). Method of 
preparation as above (Radziozewski, Ber. 1869, 
209) ; m.p. 199®-200° (Bedson, Chom. Soc. 
Trans. 1880, 92). 

a-Aminophenylaceiic acid C e H 6 *CH(N H a )CO a H. 
Obtained by heating a-phenylbromacetic acid 
with aqueous ammonia at 100°-110° (Stiickenius, 
Ber. 1878, 2002); m.p. 256° (Tiemann, Ber. 
1880, 383). Sublimes without melting at 265^ j 
(ElberB, Annalen, 227, 344). T. S. M. j 

2- AMIN0ANTHRAQUIN0NE 

co • ; 


CO 

red needles; m.p. 302°. Is employed in the 
manufacture of mdantluene and indanthrene 
dyes (v. Indanthrene). It is made technically 
by heating under pressure at 170°, a mixture of 
sodium anthxaqumone-2-suiphonate with an 
aqueous solution of barium chloride and dilute 
ammonia. The filtered product is washed with 
water, dilute hydroohlorio acid, and weak 
sodium hydroxide solutions, and is orystallised 




from chlorobenzene (Farbw. vorm Meiater, 
Lucius und Briining, D. R. P. 267212). 

Or the sodium anthraquinone-2 : sulphonate, 
in the form of a paste, is mixed with manganese 
dioxide and ammonia solution, and heated at 
200°. The product is treated with sulphurous 
acid or acid sodium sulphite to remove the 
manganese, and dried. 

A mixturo of sodium dichroraate and ammo¬ 
nium chloride may be substituted for the 
manganese dioxide (Bad. Anilin und Soda Fab. 
1). R. P. 256515). For details, set* Cain’s 
Intermediate Products for D^ps. 

Alternative motliods are to condense tn- 
aminobenzoylbenzoic acid by means of sulphuric 
acid (Basle Chem. Works, D. R. P. 148110), 
or the carbamide derivative of the same acid 
(Akt. fur Anilinfab. Eifg. Pat. 8914, 1914); by 
hydrolysing 2-p-toluencsulphonylaminoanthra- 
qumono (Ullmann, I>. R. P. 224982); by the 
action of ammonia and oxidising agents on 
mcsohalogen anthracene-2-suIphonic acids (Bad. 
Amlin und Soda Fab. D. R. P. 288996); or by 
heating 2-chloroanthraquinone with ammonia 
(Farbenfab. vorm. F. Bayer and Co. D. R. P. 
295624). 

AMINOAZOBENZENE (.Aniline yellow) v. 
A/D- COLOURING MATTER. 

o-AMINOAZOTOLUENE 

C1I 3 CH 3 

0 N -O NH ’ 


may be mado by heating to 25°-30° o-toluidine 
with an aqueous solution of sodium nitrite 
and hydrochloric acid in a lead-lined iron pan 
fitted with a jacket for water-cooling and a 
stirring arrangement. Tho # *excess of toluidine 
is removed by neutralising with hydroohlorio 
acid when the o-aminoazotoluene hydrochloride 
separates out. It is employed in tho manu¬ 
facture of cloth reds and safranine, and is sold 
as Yellow Fat colour and as Fast Azo- Garnet 
base (c/. Cain’s Intermediate Products for Dyes). 

Tho base is sparingly soluble in water, 
readily soluble in alcohol atad ether; m.p. 100°. 

wi AMINOBENZALDEHYDE is prepared bv 
heating a mixture of m-nitrobenzaldehvdo with 
a solution of sodium hydrogen sulphite and 
ferrous oxide, made by boiling a solution of 
ferrous sulphate with chalk. After filtration 
the solution is acidified and boiled to expel 
sulphur dioxido (Farbw\ vorm. Meister, Lucius 
una Briining, D. R. P. 62960, 66241). Or the 
nitrobenzalaehydo may be heated with an 
aqueous solution of sodium hyposulphite, the 
solution cooled, mixed with hyarochlorio acid, 
again boiled to expel sulphur dioxide. On 
cooling, the anhydro- derivative of o-amino- 
benzaldehyde 


o- 

NH 


-o 

CITO 


separates out (Fart). Fabrik vorm. F. Bayer und 
Co. D. R. P. 2183114 ; of. BENZA].UBHYDE,i)er<«o- 
tives oI; and (jain’a Intermediate Products for 
Dyes). 

a-AMINOCAPROIC ACID v. Liocikb. 

P-AMINOCARVACHOL. A photographic 
developer, resrtiibling metol andpaminophenol 
in developing -properties; its solution keeps 
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better than that of the latter. Obtained by 
reducing an ammoniacal holuUon of p-nitroso 
carvacrol by hydrogen sulphide when p-amino 
carvacrol separates in colourless leavcB (Brit. J. 
Phot. 191(1. 68, 634). 

P-AM1N0D1PHENYLAM1NE 

NH 1 <^]>NH<^> 


m.p. 75°; b.p. 354° (in hydrogen), is prepared 
by heating together in an oil-bath at 180°-185° 
a mixture of sodium 2-ehloro-5-nitrobeiizenc- 
sulphonatc (from p-chloronitrobenzcne), glycerol, 
chalk, and aniline. After dilution with water, 
sodium carbonate is added, and the excess of 
aniline removed by steam distillation. After 
filtration sodium p-nitrodiphenylaminc-o-sul- 
phonate crystallises out!' This is warmed with 
hydrochloric acid, and nitrodiphenylamine- 
sulphonic acid is formed as a brownish-red oil, 
which by further heating is converted into the 
crystalline p-nitrodiphonylamine. This is sepa¬ 
rated, treated with ammonia, washed, and dried. 1 
To reduce it, it is dissolved in alcohol, ammo¬ 
nium chloride added, heated to boiling, and ! 
mixed with zinc-dust, and a small quantity of 
a solution of sodium hydrogen sulphite, the 
whole filtered into 50 p.o. sulphuric acid, when 
insoluble aminodiphenylamine sulphate separates 
out. By treating this salt with water and | 
ammonia the free baso is obtained. (For 
details, see Cain's Intermediate Products for 
Dyes.) 

AMINOETHYL ALCOHOL v. Choline. 

4/3-AMINOETHYLOLYOXALINE v . Ejmiot. 

3-AMINO-7 HYDROXYPHENAZINE 

N 



is obtained, according to Nietzki and Simon 
(Ber. 1895, 28, 2974), by heating an aqueous 
solution of 2 :4-diamino-4'-hydroxydiphenyl- 
amine hydrochloride with ammonia and man- 

f anese oxide until the blue colour disappears, 
ltering, and acidifying with hydrochloric acid, 
when the phenazine hydrochloride separates. 
Tiie free base is obtained by treating the hydro- 
ohloride with sodium carbonate. 

Ullmann and Gnaedinger (Ber. 1912, 45, 
3442) blow air through a solution of m-phonylene- 
diamine sulphate and p-aminophenol hydro¬ 
chloride, containing sodium hydroxide. The 
oomnound NH : C,H a (NH a ) : N C 6 H 4 0H,2H ? 0 
is obtained, which, on solution in ammonia, 
warmed, and again treated with air until the 
blue colour changes to red, yields, after filtration 
and addition of hydrochloric acid, the phenazine 
^hydrochloride. 

3-Amino-7-hydroxyphenazme melts at 300°, 
and dissolves in alcohol or ether with a green 
fluorescence. 

T 1-AMIN0-2-METHYLANTHRAQUIN0NE 



Obtained 1 by adding sodium nitrate to a cooled 


solution of methylanthraquinone in sulphurio 
aoid and reducing the l«nitro-2-methylanthra- 
quinone so formed by sodium sulphide or 
stannous hydroxide; m.p. 202°. Insoluble in 
water ; readily soluble in alcohol, ether, benzene, 
or acetic acid (Romer and Link, Ber. 1883, 16, 
695; Scholl and Holdermann, Ber. 1907, 
40, 1696). 

AMINONAPHTHOL SULPHONIC ACIDS v. 

Naphthalene. 

AMINONAPHTHOPHENAZINE v. Azines. 

p-AMINOPHENOL HO<^J>NH„ may be 

made by reducing p-nitropheaol with tin and 
hydrochloric acid in presence of sulphuric acid 
when p-aminophonol sulphate separates. The 
base is liberated by sodium carbonato, acid 
sodium sulphite being added to prevent oxida¬ 
tion. The reduction may also be made by 
sodium hyposulphite in alkaline solution, or by 
iron, ferrous chloride, and hydrochloric acid, 
or by the catalytic action of nickel.- 

p-Aminophenol may also be prepared by 
reducing yv-azophenol 0HC 6 H 4 -N 2 *0 8 H 4 *0H, 
with stannous chloride or zinc-dust and sodium 
hydroxide; or by the action of sodium hypo¬ 
sulphite or sodium sulphide on a hot alkaline 
solution of p-hydroxyazobenzeno. The p-amino- 
phenol sulphate maj be obtained from a solution 
of nitrobenzone in sulphuric acid by the action 
of zinc-dust, or by electrolytic reduction using 
carbon cathodes (Darmstadter, D. R. P. 
150800); or a copper cathode in a lead cylinder 
as an anode (Soc. Chem. Ind. Basle, Eng. Pat. 
18081 1915). 

p-Aminophenol forms white crystalline plates 
melting at 184°. It rapidly oxidises in air. 
Comes into commorce as Ur sol P for dyeing fur, 

1 and as a photographic developer under the name 
of Rodinal. 

2-AMINOPHENOL 4 SULPHONIC ACID 

NH, 

OH<^ ^>80,H 

Obtained by nitrating phenol-p-sulphonio acid 
with nitric acid and reducing with iron; or by 
sulphonating o-aminophenol ; or by fusing 
aniline-2:5-disulphonic acid with sodium hy¬ 
droxide. 

AMINOPHENOPHENANTHRAZINE v. 

Azin sr. 

AMINOPHENYLACETIC ACID v. Amino- 

acids (Aromatic). 

a- and 0AMINOPROPIONIC ACIDS t>. 

Alanine. 

AMINOSALICYLIC ACID v. Salicylic acid. 

a- AMINO - mo -V AL‘£RIC ACID v. Valine. 

AMLA (Beng.), AMLIKA (Hind.), AMUKU 
(Ass,), OWLA (Mechi), NELLI and TOPPINELU 

(Tam.). A euphorbiaceous Indian tree, PhyUan- 
thus emblica (Linn.), the fruits of which ( Emblic 
myrdbalans ) are used in a fresh condition as a 
laxative, and, when dried, as an astringent 
(Dymook, Pharm. J. [-3J 10, 382). The fruits 
are also pickled and eaten, and used for tanning 
and dyeing. 

AMMONAL v. Explosives. 

AMMONIA. Volatile alkali, alkaline air, 
spirit of hartshorn. Solutions of ammonia have 
been lmown from very early times, bat the 
substanoe itself was first dearly recognised by 
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Priestley, who obtained it by heating the aqueous 
solution and collecting the gas, which he termed 
dUcatine air, over mercury. Scheele proved that 
it contained nitrogen ; and Berthollet, and more 
accurately Austin, demonstrated its real nature, 
and determined the proportions of its con¬ 
stituents. 

Ammonia (or its salts) is found in small 
quantities in the air, and in most natural water ; 
in the juice of plants, in most animal fluids, in 
many soils, and in a few minerals, ochres, clays, 
marls, &o. Ammonia cun be obtained syntheti¬ 
cally in small quantity by the passage of elec¬ 
trical discharges through a mixture of nitrogen 
and hydrogen (JDonkin, Pogg. Arm. 21, 281); or 
heating the mixture to a high temperature 
(Haber, Zeitsch. Eloktroohem. 1914, 20, 597 ; 
Maxted, Ohem. Soc. Trans. 1918, 113, 108, 380; 
1919, 115, 113; J. Soe. Ohem. Ind. 1918, 37, 
232); or as nitrite by the action of a strong in¬ 
duction spark on a mixture of nitrogen and water 
•vapour (Thenard, Compt. rend. 70, 983); or as 
chloride by sparking a mixture of hydrogen, 
nitrogen, and hydrogen chloride (Deville, Compt. 
rend. 60, 317); or by the action of heated 
spongy platinum, pumice, &e., on a mixturo of 
hydrogen and nitric acid. 

For laboratory purposes the gas is usually 
prepared by heating a mixture of ammonium 
chloride or sulphate with* slaked lifrie, or by 
gently-warming the concentrated solution, and 
drying the gas over quicklime. (For tile pre¬ 
paration of the chemically pure gas, .see Stas, 
Zeitsch. anal. Ohem. f», 423.) 

Ammonia is a colourless gas, having a very 
pungent characteristic smell, and is poisonous 
when breathed in quantity, destroying the 
mucous membrane. It has a sp.gr. of 0-5967 
(air -- l), 1 litre of the gas at 0° and 760 mm. 
weighing 0*7708 gram, and readily liquefies on 
compression, the critical temperature being 
132*9°±01, and the critical pressure 112*3±0*1 
atm. (Cardoso and Gillav, J. chim. phys. 1912, 
10, 514). Its critical density is 02362 (Ber- 
thoud). Liquid ammonia is colourless and very 
mobile, and has a sp.gr. at 0°/4° of 0"6385 
(Dieterici), 0-6388 (Drewes), the coefficient of 
expansion being very high and increasing 
rapidly with th#temperature. It boils under 
atmospheric pressure at —33-2-34-6° (Burrell 
and Robertson), and freezes to a white crystal¬ 
line solid at —77° (Koyes and Brownlee), 
—77° (Brill), the vapour pressure being as 
follows (Regnault, J. 1863, 70):— 

at -30° 1*14 atm. at 0° 4-19 atm. 

„ —20° 1\*»3 „ „ 10° 6 02 „ 

„ -10° 2*82 „ „ 20° 8-41 „ 

The dependence of the* vapour pressure on 
temperature down to the freezing-point may be 
expressed by the equation : log p = — 196J-65/T 
± 16*19785 - 0 0423858T + 5*4131 + 10- :, T* 
-3*2715 xl0-‘T*. 

Its latent heat of evaporation decreases from 
333*0 Cal. at -42° to 252*6 Cal. at 49°. The 
variation of the latent heat with the tempera¬ 
ture may be expressed by the formula 

L « 32*968^133—0—0*5985(133—0) 
in which 0 represents the actual temperature and 
133 tiie critical temperature. The specific heat 
of saturated ammonia vapour expressed in 
joules per gram per degree varies from —4*42 


at —45° to —3*38 at 45®. To reduce these 
numbers to 20° Calories, they must be divided 
by 4*163 (Osborne and van Dusen, J. Amer. 
Chem. Soc. 1918, 40, 14). The specific heat of 
liquid ammonia increases from 1*058 at —45° 
to l l 73 at 45°. Its dependence on temperature 
may be expressed by the equation: 

c = 0-7498 - 0 0001360 -f 4*0263^133-0 

in which c is expressed in terras of the 20° 
Caloric and 0 is the temperature (Osborne and 
van Uuser, l.c.). Liquid ammonia is produced 
commercially in large quantity for employment 
in freezing machines. In many of its physical 
properties tho liquid resembles water, and it acts 
as a solvent for a largo number of substances. 

Ammonia gas burns with difficulty in the 
air when cold, but iflflames more readily on 
heating, and still more readily in oxygen, 
giving a greenish-yellow flame of high .tempera¬ 
ture. In presence of suitable catalysts, suoh as 
copper, iron, nickel, and especially platinum, 
ammonia is oxidised by oxygen at lower tem¬ 
peratures with production of oxides of nitrogen, 
the manufacture of nitric acid from ammonia by 
Ostwald’B process (Eng. Pat. 698, 1902) being 
carried out in this manner. A number of the 
elements, when heated in ammonia gas, yield 
corresponding nitrides : boron, magnesium, and 
titanium being especially active in this respect, 
whilst the alkali metals give rise to amides. 
With carbon at temperatures above 750° 
ammonia is partly dissociated, and partly 
converted into hydrocyanic acid, the presence 
of tho latter in crude coal gas being largely due 
to this reaction. 

Many salts combine with ammonia to form 
stable compounds at the ordinary temperature, 
the ammonia playing the same part as water of 
crystallisation. It is evolved on heating liquid 
ammonia having been first obtained by Faraday, 
in 1823, by warming the compound with silver 
chloride 2Ag01,3NH a , in a sealed tube. 

The action of heat upon ammonia has been 
investigated by Ramsay and Young (Chem. Soo. 
Trans. 45, 92), Perman*(Proo. Roy. Soc. 74, 
110 ; 76A, 167), Haber and v. Oordt (Zeitsch. 
anorg. Chem. 44, 341), and Nernst and Jost 
(Zeitsch. Elok. 13, 521). Under atmospheric 
pressure, decomposition commences at tempera¬ 
tures below 500°, its extent increasing rapidly 
with the temperature, but the speed with which 
equilibrium is attained between undecomposed 
ammonia and nitrogen and hydrogen varies 
greatly according to the nature of the surfaces 
with which the gases are in contact. Glass is 
very inactive, but porcelain and many metals 
and their oxides have a very strong accelerating 
effect In presence of the latter decomposition 
becomes nearly complete at 630° under atmo¬ 
spheric pressure, but the laBt traceB do not dis¬ 
appear oven at 1000°. Conversely, in presence 
of iron as catalyst, Haber and v. Oordt find that 
at 1000° traces of ammonia are fonned from 
nitrogen and hydrogen at atmospheric pressure, 
and Nern-ib and J'ost have found that small 
quantities are formed, at the same tempera¬ 
ture under.the greater pressure at 60-70 atm. 
At temperatures of 500 -550° under 200 atm. 
pressure, in presence of metallic osmium or 
uranium, nitrogen and hydrogen combine to a 
considerable extent {see below). 
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It has been shown by Regonor (Sitzungsber, 
K. Akad. Wise. Berlin, 1904, 1228), and by 
D. Berthelot and Gaudechon (Compt. rend. 1913, 
150,1243), Coehn and Pringent (Zeitsch. Eloktro- 
chem. 1914, 20, 275) that ammonia is completely 
decomposed by ultra-violet light. 

Under certafci conditions a mixture of air 
and ammonia gas may be exploded by an electric 
spark (Schlumberger and Piotrowski, J. Gasbel. 
1914, 57, 941). Fires which have occurred in 
the neighbourhood of refrigerating machines 
have been attributed to ignition of mixtuies of 
air with ammonia^ or, according to Bohr, to the 
ignition of hydrogen formed in the machine by 
decomposition of ammonia at the high tempera¬ 
ture and pressures produced by starting with 
a closed discharge stop-valve (Cattaneo, Zeitsch. 
ges. Kalte-Industrie). • 

Density of Aqueous Solutions of A 


Ammonia gas is very soluble in water, 
alcohol, ether, and manyi saline solutions, the 
aqueous solution (caustic ammonia or liquor 
ammonia ?) being of great commercial importance. 
One gram of water at 0° and 760 mm. absorbs 
1148 c.c. or 0-875 gram of ammonia, at 10° 
0'679 gram, at 20° 0*526 gram, at 30° 0-403 gram, 
and at 100° 0*074 gram (Roscoe and Dittmar, 
Chem. Soc. Trans. 12, 128 ; Sims, Chem. Soc. 
Trans. 14, 1 ; see. also Perman, Chem. Soc. 
Trans. 79. 718; 83, 1168). In the act of 
solution mueli heat is ovolved, and according to 
Thomsen, NH s -f aq. = 8430 cals. 

The density of aqueous solution: of ammonia 
of \arying strength is shown in the accompany¬ 
ing table, according to the determinations of 
Lunge and AVicrnik. 

[monia at 15° (Lunge and Wiernik). 


Bp.gr. 

nh 3 

p.c. 

1 litre con¬ 
tains NH*|K 

Correction of i 
sp.gr. for±1° 

Sp gr. 

-3 ^ 
(jtt 

1 litre con- 
talnsNHag. 

Correction of 
sp.gr. for±l° 

1-000 

0-00 

00 

0-000J 8 

0-940 

15-63 

146-9 

0-00039 

0-908 

0-45 

4-r> 

(N)0018 

0-938 

JO 22 

152-1 

0-00040 

0-996 

0-91 

9-1 

0 00019 

0-936 

J6-82 

157-4 

0-00041 

0-994 

1-27 

13-6 

0 00019 

0-934 

17-42 

162-7 

0-00041 

0-992 

1-84 

18 2 

0-00020 

0-932 

18-03 

168-1 

0-00042 

0-990 

2-31 

22-9 

0-00020 

0-930 ' 

18-64 

173-4 

0-00042 

0-988 

2-80 

27-7 

0-00021 

0-928 

19-25 

178-6 

0-00043 

0-986 

3-30 

32-5 

0-00021 

0-926 

19-87 

184-2 

0-00044 

0-984 

3-80 

37-4 

0-00022 

0-924 

20-49 

189-3 

0-00045 

0-982 

4-30 

42-2 

0-00022 

0-922 

21-12 

194-7 

0-00040 

0-980 

4-80 

47-0 

0-00023 

0-920 

21-76 

200-1 

0-00047 

0-978 

5-30 

51-8 

0-00023 

0-918 

22-39 

205-0 

0-00048 

0-976 

5-80 

56-6 

0-00024 

0-916 

23-03 

210-9 

0-00049 

0-974 

6-30 

61-4 

0-00024 

0-914 

23-68 

216-3 

0-00050 

0-972 

6-8(7 

06-1 

0-00025 

0-912 

24-33 

221-9 

0-00051 

0-970 

7*31 

70-9 

0-00025 

0-910 

24-99 

227-4 

0-00052 

0-968 

7-82 

75-7 

0-00026 

0-908 

25-65 

232-9 

0-00053 

0-966 

8-33 

80-5 

0-00026 

0-906 

20-31 

238-3 

0-00054 

0-964 

8-84 

85-2 

0-00027 

0-904 

26-98 

243-9 

0-00055 

0-902 

9-35 

89-9 

0-00028 

0-902 

27-65 

249-4 

0-00056 

0-960 

9-91 

95 1 

0-00029 

0-900 

28-33 

2550 

0-00057 

0-958 

10-47 

100-3 

0-00030 

0-898 

29-01 

260-5 

0-00058 

0-956 

11-03 

105-4 

0-00031 

0-896 

29-69 

266-0 

0-00059 

0-954 

11-60 

110-7 

0-00032 

0-894 

30-37 

271-5 

0-00090 

0-952 

12-17 

115-0 

0-00033 

0-892 

31-05 

277-lT 

0-00060 

,0-950 

12-74 

121-0 

0-00034 

0-890 

31 75 

282-6 

0-00061 

0-948 

13-31 

126-2 

0-00035 

0-888 

32-50 

288-6 

0-00062 

0-946. 

13-88 

131-3 

0-00036 

0-886 

33-25 

294-6 

0-00063 

0-944 

14-46 

130-5 

0-00037 

0-884 

34-10 

301-4 

0-00064 

0-942 

16-04 

141-7 

0-00038 

0-882 

34-95 

308-3 

0-00065 


The solution is very strongly alkaline, and 
unites with acids to form the ammonium salts, 
and it is frequently supposed that the solution 
contains ammonium hydroxide NH 4 *()H, corre¬ 
sponding to NaOH and KOH. The evidence 
for this view is not altogether conclusive, and 
the physical properties of the solution at the 
ordinary temperature are in some respects 
opposed to the presence of the compound 
NH 4 OH, and in favour of the supposition that 
the ammonia is dissolved as such. At very low 
temperatures, however, Rupert (J. Amer. Chem. 
Soc/ 31, 866; 32, 748) has showr that two 
definite hydrates exist, the freezing-point ourve 
of mixtures of ammonia and wat^r in varying 
proportions showing two well-defined minima at 
—87® and v-94° respectively, the composition at 


these two points corresponding to the formal® 
NH 3 ,H s O and 2NH*H a O. The first-named 
forms small colourless crystals resembling those 
of sodium and potassium hydroxide; and the 
latter* larger needle-shaped crystals. Whether 
these are true hydrates or are to be re¬ 
garded as ammonium hydroxide NH 8 OH and 
ammonium oxide (NH 4 ) 2 0, is at present 
uncertain. 

The aqueous solution of ammonia also dis¬ 
solves many metallio oxides and hydroxides, 
such as Ag ? 0,Cu(0H) 2 , as well as many salte 
which are insoluble in water, -suoh as silver 
chloride and phosphate, and cuprous chloride, 
and also acts as a Bolvent for many fats and 
resins. The solution of cupric hydroxide in 
ammonia is of considerable commercial impor- 
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tanoe, as it is a solvent for cellulose, and is 
used in large quantities in the manufacture of 
artificial silk. 

I. Technical sources ol ammonia. 1 Ammonia 
is formed in nature chiefly during the decay of 
nitrogenous organic substances, and conse¬ 
quently exists in considerable quantity both in 
the soil and the atmosphere. Whilst this is of 
the greatest importance for agriculture, it is 
only possible in very exceptional cases to 
utilise this source for the manufacture of am¬ 
monium salts, the greater proportion of the 
world’s production being obtained by the 
destructive distillation of nitrogenous organic 
matter, chiefly coal. 

A. Natural occurrence of ammoniacal com- 

pounds in quantity of commercial importance .— 
Ammonium carbonate has been found in guano 
deposits on the West Coast of South America, 
and has been imported into "Europe, a sample 
imported into Germany in 1848 consisting 
'essentially of ammonium bicarbonate mixed 
with some insoluble matter. Ammonium sul¬ 
phate is contained in the Tuscan ‘ soffioni,’ and 
is there obtained in considerable quantity as a 
by-product in the manufacture of boric acid. 
Ammonium chloride, together with sulphate, is 
sometimes found in the neighbourhood of 
volcanoes. # 

B. Synthetic processes for production of 
ammonia. —Very many attempts have, been 
made to effect the manufacture of ammonia from 
atmospherio nitrogen and hydrogen, and a 
large numfoor of processes with this object have 
been patented, but until recently, no method 
which has been proposed has proved successful 
on a commercial scale, for although, as stated 
above, nitrogen and hydrogen combine together 
to a slight extent to form ammonia, when heated 
together under suitable conditions, the yield 
at high temperatures was so small that the cost 
of production would be prohibitive. With 
many of the methods proposed—such as those 
of Swindells (Eng. Pat. June 21, 1876), Rickman 
(Eng. Pat. 3341, 1878), Glover (Eng. Pat. 1890, 
1880), Solvay (Bull. Soo. chim. 25, 527), 
Wagner (Jahresbericht. 1876, 444), Bassett 
(Eng. Pat. 4338, 1879)—it is very doubtful 
whether, in fact, any ammonia is produced 
synthetically, the ammonia obtained being 
more probably all derived from the nitrogen 
present in the coal or coke employed in each of 
these processes. The processes of Johnson 
(Chem. News, 43, pp. 42, 288), Woltereck (J. 
Soc. Chem. Ind 1908, 158, 978; Eng. Pat. 
2461, 1902; 16504, 1904; 8358, 1905), Mond 
(J. Soc. Chem. Ind. 1889, 505), and Roth 
(1). R. P. 191914), in whicn a mixture of nitrogen 
and hydrogen is passed over various heated 
catalytio agents, do not appear to have resulted 
in any commercial yield of ammonia. Haber 
(Zeiteoh. Elek. Chem. 16, 244) has found that 
when a mixture of l vol. of nitrogen and 3 vok 
of hydrogen is heated with metallic osmium 
to 550° under p pressure of 200 atm., a very 
considerable production of ammonia takes place 
amounting to 8 p.c. of the mixed gas, and 
although osmium is too scarce and expensive 
for technical use, it may be replaced by metallic 

1 Par more complete details, $w Lunge’s Ooal-Tar 
and Ammonia (Gurney and Jackson, 1010). 


uranium with good results. With a small 
apparatus constructed to allow of the circula¬ 
tion of the mixed gas under this pressure over 
uranium heated to about 500°, and cooling 
between each passage of the gas over the metal, 
Haber has synthesised ammonia at the rate of 
about 90 grams per hour, the airffnonia separating 
out on cooling under these conditions as a 
liquid. 

The Haber process has now been developed 
on a very large scale by the Badische Amlin 
und Soda Fubnk, and it is stated that in 1918 
a quantity of ammonia equivalent to 400,000 
tons of ammonium sulphate was manufactured 
by this method (Eng. Pats. 17642, 17951, 1909 ; 
10441, 13097,15975, 19249,19778, 20127, 1910 ; 
61, 5833-6, 21151, 24657, 25252, 28167, 1911 ; 
1161, 3345, 9841, 22352, 25259, 1912; 24823, 
1913 ; 8763, 1915). The work done by them 
lias especially consisted in the design and con¬ 
struction of suitable plant to withstand the 
combined high temperatures and high pressures 
necessary for successful working, and the 
selection of suitable catalysts of less expensive 
character than the osmium and uranium 
omployed in the small scale experiments. No 
details of the exact construction of plant or of 
the actual catalyst now omployed have been 
published, but Benthsen (Zeitsch. angew. Chem. 
1913, 10) states that the more expensivo forms 
of the latter first used can be replaced by 
cheaper metals such as iron, manganese, and 
molybdenum, which are ‘activated’ by the 
addition of other substances. Contact ‘ poisons ’ 
both m tho catalyst itself and in the mixture of 
nitrogen and hydrogen used must bo very com¬ 
pletely excluded; the following substances 
especially having proved* very deleterious: 
sulphur, selenium, tellurium,*phosphorus, arsenic, 
boron, some hydrocarbons, and the feadily 
fusible metals or their oxides, such as lead, 
bismuth, and tin. Much experimental work on 
the direct synthesis of ammonia from nitrogen and 
hydrogen has been carried out in Great Britain 
during the last few year.s, both on the laboratory 
and on a semi-industrial* scale, the results of 
which have only been partially published (see 
Maxtod, Chemical Age, 1919, 1, 514, 640, 590). 
Up to the present (1919) no plant has been 
orected for the production of ammonia by this 
method in this country. 

Attempts to effect the synthesis of ammonia 
from a mixture of nitrogen and hydrogen by 
the passage of the silent discharge or sparks 
have failed to give a sufficient yield for com¬ 
mercial success, and a similar lack of sucoess 
long attended the efforts to produce ammonia 
by combining atmospheric nitrogen with ele¬ 
ments which readily form nitrides, such as 
boron, titanium, magnesium, and subsequent 
conversion of the nitride into ammonia by the 
action of steam. Recently, however, Serpek 
and the Soo. Gen. des Nitrures (Eng. Pate. 
13579, 1906; 7507, 15995-7, 1909; 13086, 
1910; 23544, 25141, 1911 ; 8347-9, 10036, 
22435, 25630, 1912; 10975, 11091, 21366, 

23740, 24731, 27030, 2^71, 1913 ; 4287, 22586, 
24533, 1914) have developed a process dependent 
on the formation of aluminium nitride by the 
notion of carbon and nitrogen on alumina at 
high temperatures, and subsequent conversion 
of the nitride .into ammonia, with recovery of 
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the alumina, by heating with water under 
pressure. To carry out the process, bauxite, 
which reacts more readily than pure alumina, is 
preheated to a temperature of about 1600° and 
passing through a revolving electric carbon - 
resisting furnace, the nitrogen being supplied 
from a current 8f producer-gas passing through 
the furnace in the opposite direction to the flow 
of bauxite. The crude nitride is then heated 
under pressure with dilute alkali, which effects 
the conversion into ammonia much more readily 
than water. A ntimbor of plants working this 

S rocess are being erected m Franco by the 
oc. Gen. des Nitrures. 

C. Production from cyanides .—It has long 
been known that nitrogen combines at high 
temperatures with carbon and alkalis with 
roauction of cyanide^ and many attempts 
ave been made during the last hfly years to 
manufacture cyanides in this manner and to 
convert these subsequently into ammonia by 
the action of superheated steam. The large 
demand for cyanides themselves, resulting from 
their employment in the extractions of gold 
from the mine tailings, and the fact that at 
present nitrogen, m the form of cyanide, com¬ 
mands a higher price than in the form of 
ammonia, has made such processes of no value 
for ammonia production under oxisting condi¬ 
tions, and in fact, at the present time, the 
opposite process of converting ammonia into 
cyanides is carried on to a large extent. The 
methods proposed, so far as they relate to 
evanide production, will be discussed under 
that heading, but one method may be here 
mentioned, namely, the manufacture of calcium 
cyanamide, Ca:N'C;N, according to Frank 
and Caro’s process'^J. Soc. Chem. Ind. 1908, 
1093), by the action of nitrogen on heated 
calcium carbide, this being simultaneously a 
cyanogen and an ammonia derivative {v. Cyan- 
amide, art. Nitrogen, Atmospheric, Utilisa¬ 
tion of). This substance may readily be con¬ 
verted into ammonia by the action of super¬ 
heated steam, but it is for the most part 
directly employed on the land as a nitrogenous 
manure. 

D. Ammonia from urine, sewage, and animal 
excreta. —Urine is not merely the oldest, but 
for centuries was the only source of obtaining 
ammonia oompounds on a commercial scale. 
It is Btated that sal-ammoniac mado from it was 
an article of commerco as early as 1410, and 
that the Jesuit Sicard in 1720 saw the manu¬ 
facture of it in tho Delta of the Nile. In Egypt 
sal-ammoniac was made by burning camels’ dung 
and collecting the sublimate. Putrofied urine 
(in which the urea has passed into ammonium 
carbonate) has been used for centuries, and to a 
certain extent is still used by dyers as a source 
6f ammonia for scouring wool ana other purposes. 

Normal urine contains per litre from 20 to 
35 grams urea (carbamide), which after a short 
time is changed into ammonium carbonate 
under the influence of a micro-organism. An 
adult man produces from 22 to 37 grama urea 
per 24 hours, together‘with a little uric acid, 
corresponding to 12'5-21 grams NH 3 per day, 
or between 9 and 17 lbs. per annunf. If all the 
ammonia obtainable from London urine were 
recovered this would amount tS 100,000 tons 
of ammoryum sulphate per annufri. 


Owing to the now almost universal adoption 
of the removal of sewage |jy means of water, the 
dilution of the ammonia in the combined sewage 
is so great that its recovery is hardly practicable, 
but with concentrated pan sewage, recovery of 
ammonia is carried on in a few places, especially 
in Paris. A large number of patents have been 
taken out for the recovery of ammonia both 
from sewage and also from the more concen¬ 
trated sludge deposited in the collecting tanks 
at the sewago works, among which may be 
mentioned Duncan (D. R. PP. 27148, 28436), 
Young (Kng. Pat. 3652, 1882), Bolton and 
Wanklyn (Eng. Pat. 5173, 1880), Gesellsohaft 
fur Wasserabklarung, Berlin (D. R. P. 161166), 
Butterfield and Watson (Eng. Pat. 19502, 1906), 
Taylor and Walker (U.S. Pat. 003G68). 

Ketjon (Zeitsck. angew. Chem. 1891, 294) 
also reports a successful recovery of ammonia 
from concentrated sewage by distillation with 
lime at Amsterdam. 

E. Ammonia from guano, dkc. —Whilst the 
ammonia obtainable from excreta is mostly lost 
for immediate recovery, as it quickly passes 
away into tho water, the soil, or the air, there 
are a few exceptions to this rule presented by 
tho deposits of birds’ excrements on somo (fesert 
islands, and a few similar cases. In this ‘ guano,’ 
ammonia salts exist already preformed, and 
animoiua*van bo forlncd from other nitrogenous 
substances contained therein by heating guano 
with lime (as patented by Young in 1841), but 
this process is not remunerative, since the direct 
manurial value of guano is much superior to that 
of the ammonia salts obtainable therefrom. 

F. Manufacture of ammonia by the destructive 
distillation of nitrogenous organic matter. —Tho 
total quantity of ammonia commercially pro¬ 
duced by more of the methods described above is 
at present almost negligible, nearly the whole of 
the world’s supply of ammonia and its salts 
being obtained cither as a by-product in the 
course of other manufactures in which nitro¬ 
genous organic matter is subjected to the process 
of destructive distillation, or manufactured syn¬ 
thetically from nitrogon and hydrogen. Much 
the greatest proportion is obtained in the manu¬ 
facture of illuminating gas, power gas, or coke 
from coal, and in, the distillation of shale for the 
production of shale oil. A considerable amount 
is also recovered from the gases evolved from 
blast-furnaces where coal is used as fuel, and 
smaller quantities from the distillations of boneB, 
horn, and other animal refuse, and also from 
the residue obtained from beet-root molasses. 

The total production of ammonia in the 
United 1 Kingdom, calculated as sulphate, for 
tho year 1913, previous to the outbreak of war, 
and for 1917 and 1918, is shown in the following 
table, the figures for 1889 being also given to 
indicate the increase in production during the 
past 30 years. The statistics are taken from the 
Annual Reports of the Chief Alkali Inspector 

im 1913 1017 1918 

Gas works . 87,000.182,180 188,478 173,541 
Iron works . 5,590 19,956 13,621 12,717 

Shale works . 22,000 63,061 60,560 68,311 

Coke ovens . —- 133,816 166,354 164,448 

Producer gas and 
other carbon¬ 
ising works . 3,000 33,605 29,604 23,534 * 

117,500 432,618 458,617 432,551 
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The world’s production for 1907, 1910, and 1 

1913 (in metric tons^ri 2204 lbs.) is estimated 

as follows :— 

1007 . 

1910 

1910 

Great Britain 

331,220 

309,000 

438,932 

Germany . 

287,000 

383,000 

549,000 

United States 

81,400 

118,000 

170,900 

France 

52,700 

67,000 

75,400 

Belgium and 
Holland . 

. 55,000 

41,000 

48,000 

Other countries 

. 88,000 

145,800 

123,200 


895,320 1,111,800 1,412,032 


Coal always contains nitrogen in greater 
proportion Ilian is present in fresh vegetable 
matter, tins being probably due to the remains 
of animals inhabiting the coal-forming forests 
and Bwamps. The total percentage of nitrogen 
found in the coal usually varies between the 
limits of 0*9 and 2*0 p.c. ; thus Tidy (Lunge’s 
Coal Tar and Ammonia) found in Welsh coal 
0 91 p.c., in Lancashire coal 1*25 p.c., and in 
Newcastle coal 1*32 p.c., whilst Foster (Inst. 
Civ. Eng. 77, iii. 23) found in Welsh anthracite 
0'91 p.c., in English coals 1*06-1 "75 p.c., and 
in Sootch canncl 1*28 p.c. Schilling (J. Cashel, 
188T, 001), using the Kjcldahl method of 
estimation, obtained from Westphalian cqal 
1*60 p.c., from Saar coal 1*06 p.c., from Silesian 
coal 1*35 p.c., from Bohdlnian coal*l*36 p.c., 
from Saxon coal 1 *20 p.c., from Boldon (Durham) 
coal 1'45 p.c., from Prisoner canncl 1*49 p.c., 
and from Bohemian lignite 0*52 p.c. McLeod 
(J. Soc. Chcm. Ind. 1907, 137) analysed 80 
samples of Scotch coals and cannels, and found 
percentages of nitrogen varying from 0*91 to 
1*87, and averaging 1*43. 

The world’s production of coal in 1909 
amounted to about 950,000,000 tons, containing 
on the average probably some l *3 p.c. of nitrogen, 
which, if the whole were recovered as ammonia, 
would represent an output of about 48,000,000 
tons of ammonium sulphate per annum. In 
fact, however, the production, as shown by the 
above figures, only amegmts to about A of this 
quantity. Fully 90 p.o. of the coal is com 
sumed in such a manner that the recovery of 
the nitrogen is impracticable, and where the 
processes in use are mostly such that ammonia is 
recovered, only a relatively small proportion of 
the nitrogen is actually obtained in the form of 
ammonia, for reasons discussed later in con¬ 
sidering the different manufactures in which it 
is produced. . 

(a) Production o ammonia in the manufacture 
of coal gas, and of coke in by-product coke ovens.— 
In this country the carbonisation of%oal in 
retorts for the manufacture of illuminating gas 
for general distribution at present yields the 
largest contribution of ammonia, but the output 
from this source is being rapidly approached by 
that obtained in the analogous process of car¬ 
bonising the coal in ovens for the manufacture 
of hard metallurgical coke. Formerly the great 
bulk of such coke was manufactured in beehive 
ovens, in which case no by-products were re¬ 
covered, but these are now being rapidly re¬ 
placed by by-product recovery * ovens. In 
Germany and in the United States by far the 
largest proportion is obtained from coke ovens. 

In .both industries, however, only a portion 
of the nitrogen of the coal is recovered in 


the iorm of ammonia, the remainder being 
distributed in the ooke, as nitrogenous com¬ 
pounds in the tar, as cyanide in the gas and 
ammoniacal liquor, and as free nitrogen in the 
gas. The relative proportion of the nitrogen 
obtained in the different forms varies consider¬ 
ably, being dependent both on the nature of the 
coal and on the conditions of carbonisation*; 
the rate at which the latter proceeds, and es¬ 
pecially the temperature employed have a 
marked influence. At low temperatures, such, 
for example, as are employed in the manufacture 
of ‘ coalite ’ (about 450°), a very large proportion 
of the nitrogen remains in the coke, but with 
higher temperatures, although more nitrogen 
is given off from the coke primarily in the form 
of ammonia, this is partly converted into hydro¬ 
cyanic acid by the actiflh of incandescent carbon 
and partly dissociated into its elements, the 
latter being especially the ease when the volatile 
products as well as the residual coke are strongly 
heated. 

The maximum yield of ammonia, when coal 
is carbonised in horizontal retorts or in ovens, 
appears to he obtained with a carbonising 
temperature of 900°-950°, and the normal pro¬ 
duction calculated as sulphate is usually from 
20-25 lbs. per ton of coal carbonised in such 
plant. With vertical retorts, with even higher 
carbonising temperatures, a higher yield is ob¬ 
tained, as m spite of suoh higher temperatures, 
the volatile products can escape from the action 
of heat without being raised to so high a 
temperature as is the case m horizontal retorts 
or ovens. Where tho charge in the vertical 
retorts is steamed during carbonisation to in¬ 
crease the water-gas production in the retort, 
still higher production of ajnmonia is obtained, 
and tho yield may then amount to 40-50 # lbs. of 
sulphate per ton of coal. 

Many attempts have been made to increase 
tho proportion of nitrogen converted into 
ammonia, but none applicable to these two 
industries has had any success. Cooner’s lime 
process (Eng. Pat. 5713, 1882), in which lime 
is added to the coal bcfifre carbonisation, was 
tried in many works, and abandoned, as, although 
a greater yield of ammonia was obtained, tne 
gain in this respect was more than counter¬ 
balanced by tho loss due to depreciation in the 
quality of the resulting coke. 

The following tables, which give figures 
obtained over a long period of working in gas¬ 
works and coke ovens respectively, probably 
represent a fair average of tho distribution of the 
nitrogen in the two industries under modem 
conditions, although doubtless in different works 
considerable variations from these figures occur. 
The gas-works figures are given by MoLeod 
(J. Soc. Ch4m. Ind. 1907, 137) as the result of 
workings at the Pro van Gas Works, Glasgow, 
and the coke-oven figures by Short (J. Soo. Cnem. 
Ind. 1907, 681) for the working of Otto-Hilgen- 
stock Coke Ovens, using Newcastle coal. 

Gas works Coke ovens 

Nitrogen in coke . 68*3 . 43-31 p.c. of total 
„ in tar . 3*9 . 2-98 „ 

„ asiammonia 17*1 . 15*16 „ 

„ as oyanide . 1*2 . 1*43 „ 

„ as fr%e nitro¬ 

gen in the gas 19*6 . 37*12 n 
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McLeod does not appear, however, to include in 
his cyanide figures the hydrocyanic aoid removed 
from the gas during condensation, allowance for 
which w r ould probably raise the cyanide figure 
to about 1 ‘5 p.c. 

In both gas and coke-oven works the am¬ 
monia is recoveftd by cooling the gas, when tar 
%nd aqueous vapour condense, the condensed 
water removing a large portion of the ammonia 
and other gaseous impurities from the gas, and 
the remainder being recovered by washing the 
cooled gas with water. Recently, also, especially 
in coke-oven work%. processes have boon adopted 
in which the ammonia is directly recovered from 
the hot gas by washing with sulphuric acid 
after removal of the tar. Methods for manu¬ 
facturing ammonium sulphate direct from the 
crudo gas, in which the •sulphuretted hydrogen 
present is simultaneously oxidised to form the 
necessary sulphuric acid, have been described by 
Feld (Eng. Pat. 3061, 1909) and Burkhoiser 
(Eng. Pat. 20920, 1908; 21763, 1908; 17359, 
1910), but the processes are still (1910) in the 
experimental stage. 

The various apparatusemployed and methods 
of working arc described in the artieles'on Gas 
{Coal) and Coke. 

(b) Production of ammonia in the manufac¬ 
ture of producer gas from coal. —In the manufac¬ 
ture of producer gas from carbonaceous fuel (see 
Gas, Produces) by the introduction of limited 
amounts of air ana steam into the incandescent 
fuol, the whole of the carbon of the latter is 
gasified together with the nitrogen it contains. 
Where the quantity of steam added is limited, 
so as to ensure that the gas produced shall only 
contain small percentages of carbon dioxide, 
the temperature of*the producer is such that 
almost the whole of'the ammonia formed from 
the nittogen is dissociated into its elements as 
fast as it is produced. If, on the other hand, a 
large excess of steam is employed, the tempera¬ 
ture of the producer is so much lowered that the 
greater part of the ammonia escapes decomposi¬ 
tion, and may then bo recovered from the gas 
evolved. The latter contains much larger 
percentages of hydrogen and carbon dioxide 
than that obtained by the use of smaller quan¬ 
tities of steam, but is still capable of economic 
employment, especially in gas engines. The 
process is therefore now largely adopted for 
producers using bituminous fuel, especially in 
the Mond Gas plant, in which up to about 75 p.c. 
of the nitrogen in the coal is recovered as am¬ 
monia. This is usually obtained direct as 
sulphate by washing the crude gas with dilute 
sulphurio acid, and subsequent evaporation and 
orvstallisation of the solution obtained; the 
sulphate thus produced has, however, generally 
a yellow or brownish colour, due to the presence 
of small amounts of tarry matter. 

The use of such largo proportions of steam 
is impracticable in gas works or coke ovens 
where gas of high calorific power or coke of good 
quality or both is required, but with the lower 
grade of calorifio power now manufactured, a 
moderate proportion of ^toani may be admitted 
withput undue reduction of the calojrifio power, 
and results, as mentioned above, especially with 
vertical retorts, in the production of greater 
yields of ammonia. • 

(c) Production of. ammonia from, shale. —In 


the distillation of Scotch bituminous shales for 
the production of shale* oil (see Paraffin), 
ammonia is also evolved, and is recovered in a 
similar manner to that employed in gas works. 
In this case also tko introduction of steam (and 
also of limited quantities of air) during the 
distillation has the effect of largely increasing 
the percentage of nitrogen recovered as ammonia. 
The objections to the method which hold in the 
case of the gas industry do not apply in the 
shale-oil manufacture, as the chief product, the 
shalo oil, is not materially affected by the use of 
steam, and the coke formed is in any case of 
little value. Tho gas produqpd, even when 
steam is used, is sufficiently good for the purpose 
for which it is used, namely, for heating the 
retorts. The addition of steam for increasing 
the yield of ammonia was, in fact, first worked 
out to practical succoss in this industry, chiefly 
by Young and Beilby (Eng. Pat. 1587, 1881 ; 
2164, 1881; 4284, 1881 ; 1377, 1882; 5084, 
1882 ; see also Beilby, J. Soo. Chem. Ind. 1884, 
216), its application in the case of carbonisation 
of coal in producers for tho same purpose being 
of rather later date. 

(d) Ammonia from blast furnaces .—Where 
coal is used as fuel in blast furnaces for cast-iron 
production, the waste gases contain considerable 
quantities of ammonia and tarry matters, which 
are now lafgely recovered from the gas, the latter, 
after purification, being employed in gas engines. 
In most English districts, the coal available is 
not sufficiently hard for use in the furnaces, and 
hard coke is used, the employment of coal being 
confined chiefly to tho West of Scotland and to 
North Staffordshire, where coal of sufficient 
hardness can bo obtained. Tho recovery of the 
tar and ammonia is effected by cooling and wash¬ 
ing in a similar manner to that employed in gas 
works, the apparatus being suitably modified to 
allow for the tact that the tar and ammonia are 
much more diluted with other gases, and that 
large quantities of dust are mechanically carried 
along with the gas from the blast fumaoo. 
Processes for the washing of the gas with dilute 
sulphurio acid do not appoar so far to have been 
permanently successful, and the same is true 
of the process of Addie (Eng. Pat. 4758, 1882 ; 
3246, 1883), in which the gas was mixed with 
sulphur dioxide and passed through a scrubber 
fed with water, tho resulting solution of am¬ 
monium sulphite being oxidised to sulphate by 
injection of air. 

The yield of ammonium sulphate obtained 
from blast furnaces is very similar to that 
obtained in gas works and from coke ovens, 
namely%om 20 to 25 lbs. per ton of coal. 

(e) Ammonia from* peat .—Vast deposits of 
peat exist in many places, especially in Ireland 
and Prussia, and as this contains a good deal of 
nitro^bn, amounting in some cases to 4 p.c. of 
the dry peat, many attempts have been made to 
recover this nitrogen as ammonia. The great 
difficulty in the way has been the very large 
quantity of water contained in the peat, which 
is costly to remove, and hitherto very little 
ammonia has been put on to the market from 
this source. Of the earlier attempts that of 
Grouven (D. R. PP. 2709, 13718, 18051) is of 
interest, inasmuch as this represents one of the 
first attempts to increase the yield of ammonia 
by injection of steam during distillation, but 
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although prolonged experiments were made. I 26259. 1808; see also Ost, Zeitsch angew. 
with the process, it was ultimately abandoned* Chem. 19, 609) utilises the vinasse for the pro- 
Lenoauohez suggested the use of peat in gas | duction of both ammonia and oyanides, the 
producers with subsequent ammonia recovery, latter being the product especially aimed at. 
and patents relating to the matter were taken In his prooess the vinaase is carbonised in retorts 
out by Ruderer, Loe, and Gumbart. (D. R. P. in the ordinary manner, and the gases, whioh 
53844) Kuntze (Eng. Pat. 9052, 1891), and ! contain ammonia and trimethyl^mine, but little 
Pioper’(Eng. Pat. 28190,1896); Woltereok (Eng. hydrocyanic acid, are then passed through a 
Pat. 1G504, 1904; 28963, 1906; 28964, 1906). highly heated brickwork chamber, the ammonia 
Frank and Caro, in conjunction with the being only slightly affected, whilst the trimethyl- 
Mond (las Co. (Zeitsch. angew. Chem. 1906, am i no is converted chiefly into hydrocyanic acid. 
1569), find that peat containing 50 p.c. of water j The resulting gases, containing about 7 p.o. of 
may be employed in place of coal in the Mond j am monia and 7 p.c. of hydrooyanio acid, are 
Gas plants, with proauction of gas suitable for i p aaae d through sulphuric acid to recover the 
gas engines, and,a yield of about 90 lbs. of am- i ammonia as sulphate, and the gas freed from 
moniura sulphate per ton of dry peat. ammonia employed for the manufacture of 

(/) Ammonia from bones , horny leather, hair , ( cyanide. 
shins, and olhei animal refuse— In the distillation 1 u. properties and Composition o! Ammonlacal 
of bones for the manufacture of bone charcoal Liquor. The ammoniafcal liquor obtained by 
(animal charcoal, or ‘ char ’), used especially in the washing and cooling of the gases produced 
sugar refining, large quantities of ammonia are by destructive distillation, is, after separation 
formed, together with tar rich in pyridines, f rom tar by settling, a liquid having a colour 
known as ‘ Dippel’s oil.’ The carbonisation is f rom pale yellow to dark brown, and smelling 
frequently carried out, especially in France and Wrongly of ammonia, sulphuretted hydrogen, 
Germany, by heating the bones in open pots and also of phenols. Its speoifio gravity usually 
placed in a furnace, in which case the tar and var j eg f r0 m I *01 to 1 -03. In the coal-gas 
ammonia are so largely diluted with hot furnace man ufacturo, the liquor is usually obtained in 
gases that their recovery is rendered very dilh- three stages, via. (1) the hydraulio main liquor, 
cult. In this country generally, and to an in- formed during the cooling of the gas to tempera- 
creasing extent elsewhero, the carbonisation is tures of 60°-60°, which is usually weak (0-5-1-0 
effected in closed retorts, ffhd the taP and am- p C> 0 f NH 3 ), owing to the lessoned solubility of 
monia recovered in accordance with the usual amm onia at that temperaturo; (2) the con¬ 
gas works practice, the yield of ammonia being denser liquor, produced in the subsequent 
equivalent to about 5CM>0 lbs. of sulphate per cooling of tho gas to atmospheric temperature, 
ton of dry boneB. which is more concentrated (2-3-5 p.o. of NH 3 ); 

Other animal refuse, such as wool, hair, an( f ( 3 ) the scrubber and washer liquor, formed 
skin, waste leather, &c., is sometimes carbonised by washing the cooled gas to effect oomplete 
in a similar way, the residue being employed as removal of tho ammonia, the strength of which 
manure, and the ammonia recovered from the var i e a considerably, and defends largely on the 
gases. Sometimes, however, these materials are construction of the washing plant, and the 

simply heated in cylinders in a current of steam, supervision of the working. The firfffc two 

which renders them friable and capable of ready products together form tho * virgin liquor,’ i.e. 
disintegration, when they are directly employed solution produced from tho water formed by the 
as manure, A further proposal is to utilise the condensation of tho steam always present in the 
nitrogen by heating the dried refuse with con- crude gas; but the liquor from all sources ifl 
centrated sulphuric acid, whereby tho nitrogen usually collected together with the tar in a 
is converted quantitatively into ammonium CO mm*on storage well or ^volls. Frequently the 
sulphate, as in the well-known Kjeldahl method wea k hydraulic main liquor is used, after cooling, 
of estimating nitrogen. in the preliminary washers or scrubbers, thereby 

(g) Ammonia as a by-product in the beet-root effecting a further partial removal of the am- 
sugar industry. —During the evaporation of beet- m0 nia, and becoming simultaneously conoen- 
root juice, small amounts ot ammonia are trated, but for the complete removal of the 
evolved, which Vibrans (D. R. P. 15513) has amm0 nia the gas must be washed with fresh 

P roposed to collect. Much larger amounts can, wa tcr in the final scrubber. In coke-oven 
owever, be obtained by the distillation of the wor k a the conditions prevailing ip these respects 
‘ vinasse,’ i.e. the residue left after fermenting are ver y gimilar generally to those in gas works, 
the sugar remaining in the molasses, and dis- The quantitative composition of the ammo- 
tilling off the alcohol produced. This ftontains n i aca i liquor varies considerably, not only in 
nitrogenous bases, espe^ally betaine, and on that obtained at different BtageB of the process, 
dry distillation yields ammonia and triniethyl- but also in the average liquor obtained, being 
amine. Vincent (Chem. News, 39, 107) carried dependent on the nature of the coals carbonised, 
out the distillation with the primary object of tho conditions of carbonisation, and the oon- 
obtaining triraethylamine and from the latter gtruction and working of the condensing and 
methyl chloride, but the ammonia was simul- BCnl bbing plant. The qualitative composition 
taneously recovered as sulphate. The residue var ies but little; the primary products formed 
from tiie distillation is rich in potassium salts, j n the liquor are ammonium chloride, sulphides, 
and is employed as a manure or worked up into carbonate*, and oyanide, produced by the 
pure salts. Other patents dealing with the ao ti 0 n of the ammonia solution on the aoid 
recovery of ammonia by distillation of vinasse constituents of the crude gas, viz. hydrochloric 
are those of Ernst (D. R. P. 13871), Lederer ^id, aulplftiretted hydrogen, carbon dioxide, 
and Qintl (D. R. P. 17874), and Meyer (Eng. Pat. ftn d hydrooyanic acid. The strongly acid hydro- 
17347, 1887). Bueb (Eng. Pat. 7178, 1896 1 chloric acid is absorbed in the earlier stages of 




ihe cooling, chloride being only present to any 
atent in the hydraulio main and condenser 
iquor, bat the total quantity of ammonia 
present is insufficient to remove the whole of 
die remaining acid gases, which are separated 
ater by special purification processes. Other 
unmonium salts are, however, produced in tire 
iquor by secondary reactions ; thus the sulphide 
s oxidised by the oxygen always present in the* 
rude gas, and later by the oxygen of the air to 
rhich it is exposed during storage, yielding 
olysulphides, thiosulphate, sulphate, and 
ossibiy sulphite. The cyanide reacts with 
he polysulphide v forming thiocyanate, and 
ossibiy also with thiosulphato, forming 
hiocyanate and sulphite, so that polysuf- 

Com position or Am 


phide is rarely fotrnd in the liquor. Small 
quantities of ierrocyanide are also sometimes 
formed by the action of ammonium cyanide 
°n the ironwork of the apparatus. In 
addition, the liquor always contains small 
quantities of pyridine, and considerable amounts 
of substances derived from the tar, especially 
phenols. > v j 

from the point of view of the subsequent, 
working up of the ammoniacal liquor, it is 
important to distinguish between the amount of 
‘ volatile * and ‘ fixed * ammonia present. The 
former represents the ammonia present as sul¬ 
phide, carbonate, and cyanide, and in combina¬ 
tion with the phonols, the t%rm being given 
becauso the ammonia in this form is completely 
MONIACAL LlQUOK. 


Volatile ammonia 
Fixed „ 
Total 

Ammonium 


sulphide 

(Nir 4 ) 2 s 
carbonate 
(NH,fcC0 8 
clilorlde* 

NH 4 C1 

sulphate 

(NH 4 )280 4 

thiosulphate 

,[NH 4 ) 2 820 s 

thiocyanate 

NH 4 ONS 

cyanide 

nh 4 cn 

ferrocyanide 

(NH4) 4 Fe(CN)c 


Qas works 


Luthority 


Average of five samples 
of stored liquor.— 
English works 

Stored well liquor.— 
German works 

1-929 

1-400 

0-018 

0-309- 

2-542 

1-715 

0-802 

0-270 

5-000 

3-520 

1-120 

0-788 

0-202 

0-023 

0-173 

0-123 

0-628 

0-182 

0-030 

0-003 

0-038 

0-088 

Linder 

Mayer 

and 


Hempel 


S3 

a ec 
■3 a 

gw 


0-721 

0-800 

1*027 

0-270 

1-820 

0-838 

? 

? 

0-047 

0-084 

0-019 

iLinderl 


&ja 


es 

ii 

go 

•9 


0-291 

0-288 

0-679 

0-073 

0-476 

0-722 

0-023 

0*143 

0*100 

0-003 

0-019 


Mayer 

and 

Hempel) 


0-221 

3-408 

0-708 

8-810 

0-459 

? 

? 

0-070 

0-070 

0-030 

Under! 


Coke 

ovens 

Blast 

furnaces 

Shale 

works 

Coalite 

works 

— 

Q. 

0 

2 

® 0 
.9 S3 

0 a 

2* 

3 

1 

Liquor from coolers only 

-s—-- 

Liquor from washers only 

Average liquor from 
storage well. 

Average liquor circulated 
through washers to get up 
strength 

0*841 

0-191 

0*302 

0-873 

1-647 

grams 

0*102 

0-008 

0-009 

0-032 

0-170 


0-943 

0-199 

0-371 

0-905 

0-717 

” 

0-400 

nil 

? 

0-098 

0-230 

„ 

1-900 

1-104 

? 

2-870 

6-800 

•1 

0-217 

0-000 

? 

0-015 

0*106 

” 

0-032 

G-009 

t 

0-016 

0-054 

" 

0-041 

0-002 

T 

0-090 

0-407 

" 

0-043 

0-003 

0-003 

nil 

0-335 

" 

0-070 

nil 

0-003 

nil 

nil 


nil 

nil 

nil 

nil 

nil 

** 

Linder 

Linder 

Linder 

jinder 

Under 
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r 100 0 . 0 . (Skirrovv, J. Soo. Chem. Ind. 1908, 58). 

ssociated and volatilised by Bimply boiling the 
lution; whereas that present as chloride, 
Iphate, thiosulphate, and thiocyanate iB not 
olved to any material extent under these 
nditions, and is therefore termed ‘fixed* 
imonia. For its recovery it is necessary to 
d to the liquor a sufficient amount of a stronger 
Cadi to combine with the whole of the above- 
med acids present. The 4 fixed ’ ammonia in 
0 average liquor usually amounts to from 
to 20 p.o. of the whole, but the proportion is 
ich higher in the hydraulio main aDd con- 
nser liquor. • 

The above table gives the results of a 
imbe$ of analyses of ammoniacal liquor from 
a-works, coke-ovens, shale-works, and iron- 
>rlw, made by Linder, on behalf of the 


Chief Alkali Inspector, and published in the 
annual reports of the latter. In addition an 
analysis is also given of the liquor obtained in low- 
temperature carbonisation as practised in the 
coalite manufacture, and two analyses of German 
gas-w$rks liquor, by Mayer and Hempel (J. 
Uasbel, 1908, 428). (For methods of analysis, 
see Linder (Alkali Inspector’s Report, 1909, 15), 
and Mayer and Hempel (l.c.).) In these analyses 
the whole of the carbon dioxide and sulphuretted 
hydrogen present is calculated as the normal 
carbonate and sulphide respectively, and in 
Linder’s analyses the difference between the 
total sulphur and that present as sulphide, 
sulphate, and thiocyanate is calculated aa 
ammonium thiosulphate. 

The existence of free ammonia (or its 
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hydroxide) is a point on which considerable 
difference of opinion exists. The above analy¬ 
tical results appear to.show that in the case of 
average stored liquor, the quantity of acids 
present, including phenol, is usually sufficient to 
combine With the whole of the ammonia 
but at the same time it is very probable that 
some of the salts, especially the sulphides and 
carbonates, undergo hydrolytio dissociation into 
acid and free ammonia or its hydroxide in the 
solution. With the hydraulio main liquor, 
formed at temperatures mostly above 60°, the 
acids found are insufficient to combine with the 
whole of the ammonia, some of which must 
therefore be present in the free state. The 
existence of free ammonium cyanide in the liquor 
has also frequently been denied, but more 
perfect methods of analysis have shown that 
this is undoubtedly often present in small 


quantity even in stored gas-works liquor, and 
that in ooke-oven liquor, whioh is usually only 
stored for a short time before working up, the 
amount may be considerable. The presence of 
oyanide is objectionable, as it increases the 
amount of hydrocyanio aoid in the waste gases 
from the manufacture of ammonium sulphate 
(see below). • 

III. Valuation of Ammonlacal Liquor. In 
this country, for technical purposes, the strength 
of the ammoniacal liquor is mostly expressed in 
terms of ‘ ounce-strength,’ this figure repre¬ 
senting the number of ounces avoirdupois of 
pure sulphuric acid required 4 to neutralise the 
ammonia contained in I gallon of the liquor, and 
for statistical purposes or sale, the volumes of 
liquor are usually converted into tho equivalent 
volume of liqut>r of 10-oz. strength. In order to 
convert these figures i»lo the more generally 
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familiar ones of grams per 100 c.o., the ‘oz.- 
strength 5 figures must be multiplied by 0*217, 
and oonversely, to convert figures representing 
grama per 100 o.o. into oz.-strength, the former 
must be multiplied by 4-61. 

For approximate purposes the ammonia 
content of the liquor is frequently estimated 
from the density, it being found that each 1° 
Twaddell corresponds roughly to 2-oz strength. 
This approximation is sufficient for such pur¬ 
poses as the control of the daily working of the 
washers and scrubbers on the works, but quite 
unsuitable for purposes where fair aocuracy is 
desired, as a liquor showing 6°Tw., for example, 
may vary in actual content from 8- to 12-oz. 
strength, as against the supposed 10-oz. For 
any but the roughest purposes, ammonia is 
estimated by the usual method of distilling a 
known volume, after addition of alkali to 
decompose the fixed salts, collecting the dis¬ 
tillate in excess of standard acid, and titrating 
the unused acid with standard alkali. The 
liquid must not be distilled to dryness, as other¬ 


wise the thiocyanates may be decomposed with 
formation of ammonia, giving too hign results, 
IV. Working up of Ammoniacal Liquor. 
In the earlier days of the utilisation of gas 
liquor, this was simply neutralised with sulphurio 
or hydrochlorio acid, and the resulting solution 
evaporated, but the products obtainod were 
very impure, containing tarry matter and 
thiocyanate, and the esoaping gases, especially 
the sulphuretted hydrogen, created great 
nuisanoe. At present the ammonia is almost 
invariably necovered from the liquor in the first 
instance by distillation. Formerly, also, in 
many cases, only the volatile ammonia was 
recovered, as this could be obtained without 
addition of alkali, tho fixed ammonia being run 
off with the waste liquor; but this procedure is 
now becoming exceptional, the fixed ammonia, 
exoept in the case of some small plants, being 
also mostly, recovered by addition of the 
necessary alkali. ■ On aooount of its cheapness,, 
lime is almost always employed for this purpose, 
but in some sip all plants, eaustio soda is Used, 
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for although the oost of the latter is much 
greater, this ia hold by some makers to be 
compensated for in such plants by the fact that 
the stills run much longer without cleaning. 

The plant employed in the distillation has 
been of various types; at first an intermittent 
process of distilling the liquor in externally fired 
boilers was add^ited, the distillation being con¬ 
tinued until the whole of the volatile ammonia 
was expelled with the steam. Addition of lime 
to drive off the fixed ammonia was rarely 
practised with such plants, owing to the forma¬ 
tion of thick deposits of lime salts on the heated 
boiler plates. TJioso plants have now been 
almost entirely superseded by continuous 
column stills, constructed on the general 
principle of the Coffey still, the intermittent 
system being now employed only in very small 
works or in special cases^ such as the distillation 
of liquors containing very large quantities of 
fixed ammonia, in which case the addition of 
the necessary amount of lime renders the liquid 
so thick that these must be stirred by mechanical 
agitators to effect complcto recovery of the 
ammonia. The annual report of the Chief 
Alkali Inspector for 1009 shows that in the | 
‘various districts into which the United Kingdom | 
is divided for administration purposes under the ! 
Alkali Aot, the proportion of liquor distilled by 
intermittent stillB varies from about 7 p.c. to ml, 
and probably averages over the whole country 
from 1 to 2 p.o. 

For the purpose of heating the stills, three 
methods have been employed: (1) external 
firing; (2) by means of internal coils through 
which steam is passed ; and (3) by blowing live 
steam through the stills. The first plan gives 
a high fuel consumption, as well as trouble lrom 
lime deposits on tiro heated portions of tho still; 
and of tho other two methods the use of live 
steanf is the most economical in fuel consumption, 
and is therefore now almost invariably adopted. 

The ammonia evolved on distillation is 
converted at once either into ammonium sul¬ 
phate, concentrated gas liquor, pure aqueous 
ammonia, or liquefied ammonia. The remaining 
salts of commercial importance, namoly, am¬ 
monium cliloride, carbonate, and nitrate, are now 
rarely manufactured directly from the ammonia 
as evolved from the stills, but are obtained 
either from ammonium sulphate or aqueous 
ammonia previously prepared from the gas 
liquor. Much the largest proportion of the 
liquor is converted into sulphate, the demand 
for this salt being greatest, owmg to its employ¬ 
ment as a nitrogenous manure. The method of 
• manufacture of this salt will therefore be de¬ 
scribed first, followed by that of the other 
commercially important ammonia derivatives. 

Ammonium sulphate. —A description of the 
different forms of intermittent still formerly 
adapted for obtaining tho ammonia in the 
liquor, but now seldom used, may be found 
in Lunge’s Coal Tar and Ammonia 4th 
ed. Of the continuous stills, those of 
Grflneberg and Blum (D. R. P. 33320) and of 
Feldmann (Eng. Pat. 3643, 1882) will be de¬ 
scribed, more recent farms differing from those 
only in detail and not in general principles. In 
the fcanufacture of sulphate, * 111 © volatile 
ammonia is first driven off, lime being then 
added to the liquor to liberate th^fixed ammonia, 


sulphuric acid. 

The apparatus of Gaiineberg and Blum is 
shown in Fig. 1, as arranged for the manufacture 
of sulphate. A is the still, b the gas-liquor 
heater or economiser, o tho lime pump, and d 
the saturator charged with acid for absorption 
of the ammonia. The gas liquor enters the 
economiser b by means of pipe a, and is heated 
by the hot waste gases from the saturator, and 
passes thence by tho pipe b to the top of the 
column e of the still. This column is divided 
into a number of compartments by horizontal 
division plates,-the liquor flowing downwards 
from compartment to commrtmort by the 
overflow pipes, the admitted steam travelling 
upwards in the reverse direction through the 
central pipes o, covered by hoods having 
serrated edges, which compel the steam to bub bio 
through the liquor in each compartment, thus 
driving off the ‘ volatile * ammonia and also the 
volatile acids present, viz. carbon dioxide, 
sulphuretted hydrogen, and hydrocyanic acid. 

The lime vessel f, into which milk of lime is 
pumped by means of pump c and pipe c, serves 
to expel the fixed ammonia, and the boiler 0 , 
with its stepped cone, serves to boil the liquor in 
thin sheets, by means of the steam coil d , and 
thus to set free the last portions of ammonia. 
In b the first heating of the liquor takes place by 
means offthe hot vapours from the saturator D, 
which ascend through the bell q, the pipe 8, and 
the iimer pipes of B, while the liquor, arriving 
at a , rises up in B. It then enters through b into 
the dephlegmating column E, and finds its way 
downward from chamber to chamber, till it gets 
into tho lime vessel f. From here it overflows 
by pipe / into the sludge-catcher g, overflows 
here again all round at hh, and runs over the 
cone % downwards from step to step; from the 
pipe k it is discharged continuously and quite 
spent to the overflow t. The steam travels in 
the opposite way—namely, along the steps of 
cone t, upwards in pipe m, and through n into 
the lime vessel f. From hore the mixed steam 
and ammonia vapours ascend into the column 
E, and traverse this from chamber to chamber, 
and ultimately leave it by the pipep. This pipe 
enters the saturator D, charged with gulphuric 
aoid. The sulphuretted hydrogen, carbon 
dioxide, &o., collecting in the bell q, are led 
through the flue s into the eoonomiser b, where 
they give up their heat to the gas liquor, and 
lose their steam in tho shape of condensed water. 
Ultimately they are conveyed away by a pipe 
not shown in the diagram for treatment to 
prevent nuisance, the methods adopted for the 
purpose being described below. 

In the apparatus ofcFeldmann (D. R. P. 21708), 
Fig. 2, the gas liquor, after having passed through 
the ordinary rectifying column a, flows into a 
vessel b, into whioh milk of lime is pumped by 
G in regular intervals, whilst the whole is kept 
agitated by steam injected into the mixture. 
The liquor, after having deposited most of the 
lime, flows into a second column c, where the 
ammonia set free by the lime is distilled off: 
the spent liquor runs away continuously through 
g , and the gases and vapours pass over by pipe 
h into the first column ba, which serves both for 
retaining the water and for driving off the vola- 
I tile ammonium salts contained m the crude 
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gas liquor. The economiser J, and the saturator 
5, with the gas-bell F, require no special explana¬ 
tion. 



In more recent types of still, only a single 
column is usually employed, the lime being 
introduced into one of tljp compartments of 
the lower portion of the still, which may be 
made of larger size for this purpose, the hood 
being also more deeply sealed to effect moro 
vigorous agitation. The mixture of liquor and 
lime then passes through the lower compartments 
of the still, constructed in a similar manner to 
those above. A still of this type, manufactured 
by the Berlin Anhaltischo Maschinon Actien- 
Gesellschaft is shown in Fig. 3. 


a small manhole at the side. Scott (Eng. Pat. 
3987,1900; 11082, 1901) has patented a process 
in which the whole of the plant is kept under 
vacuum, whereby considerable economy of fuel 
is claimed. The plant and method of working are 
described by Ballantyne (J. GauLight. 82,889). 

Absorption of the ammonia in sulphuric acid.* 
—The gases from the still, consisting ohiefly of 
ammonia Bteam, carbon dioxide, sulphuretted 
hydrogen, and small quantities of hydrocyanic 
acid, are conveyed to the saturator (d in iftg. 1, 
e in Fig. 2) charged with sulphuric acid. This is 
constructed either of solid lead throughout, or of 
wood or iron lined with lead, the gases being con¬ 
ducted in by means of a perforated leaden pipe 
which distributes them over a large area in tno 
saturator and keeps # tho liquid thoroughly 
agitated. In some casos, dilute sulphuric acid 
is usod, this being removed and replaced by 
fresh acid when nearly neutralised. The solu¬ 
tion, after settling, is concentrated and crystal¬ 
lised, the mother liquor being returned to the 
saturator. The dilute solution of ammonium 
sulphate obtained by direct washing of the 
crude gas with acid, as in the Mond Gas process, 
is evaporated and crystallised in a similar way. 
In most cases, however, when distilling gas liquor, 
a much strongor acid (of about 140°Tw.) is used 
which soon becomes saturated, after which the 
ammonium sulphate crystallisos out as formed, 
and is removed by various moans, fresh acid 
l>cing run in to replace that removed as sulphate. 
Two types of saturator are employed, (a) partly 
open, (6) closed. A common construction of 
the former typo is shown in Fig. 4, the gases 



Other modifications relate chiefly to im¬ 
provements in mechanical details, and in making 
the parte more accessible for cleaning, especially 
in the portions of the still where lime is present. 
Thus Wilton (Eng. Pat. 24832, 1901) replaces 
the central pipe for the steam and circular hood, 
by a narrow opening extending over nearly the 
ft tft diameter of the still, and oovers this with 
an inverted trough having serrated edges, 
which can readily be removed for cleaning from 

Vou I.—& 



entering by the pipe b perforated as shown, and 
bubbling through the acid, the waste gases 
being led off by the pipe c ; the sulphate aooumu- 
lates on the floor of the saturator. The front 
of the saturator is open, and separated from the 
closed portion by the shilling curtain a, whioh 
does not reaeh to the bottom, and enables the 
attendant to* remove the sulphate periodically 
by fishing with a perforated ladle, the crystals, 
being placed onh lead-lined drainer fixed so that 
the mother liquid flows back to the saturator. 
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When sufficiently dry, the product is plaoed into 
stock, or it may be at onoe dried by a centrifugal 
machine. 

In place of * fishing,’ the sulphate may be 
periodically or continuously removed from the 
saturator by mgans of a steam-ejector, which 
foroes it together with muoh liquor on to the 
drainer, thence into a centrifugal machine, the 
mother liquor in either case returning to the 
saturator. 

With a closed saturator other means of 
removing the sulphate are adopted, a represen¬ 
tative or this type being the Colson saturator, 



the bottom of which consists of an inverted cone, 
to tho apox of which is fixed a right-angled bend, 
closed by a simple valve,consisting of a copper 
disc pressed against tho flange of the outlet pipo 
by a screw clamp. During working this is 
opened to a sufficient extent to allow the sulphate 
to fall out almost as soon as it is formed. 

The ammonium sulphate thus obtained 
usually contains from 24 to 25 p.c. of ammonia, 
equivalent to about 93-99 p.c. of pure ammonium 
sulphate. It usually contains from 0 i to 0 *5 p.c. 
of free sulphuric acid, the remainder consisting 
of moisture and small quantities of insoluble 
matter. The salt produced with modern plant 
has mostly a white or greyish-white colour, 

- discolouration by tarry matter being now of raro 
occurrence Vith continuous stills, if the liquor 
is properly separated from tar by settling 
previous to distillation. When pyrites sulphuric 
acid is employed, the resulting sulphate may be 
coloured yellow or brown, by arsenic sulphide, 
■which depreciates its value, and makers therefore 
prefer to use acid obtained from brimstone or 
spent oxide. In many cases, however, pyrites 
acid is used, and the arsenic sulphide which 
rises as a scum to the surface of the liquid in the 
saturator removed as informs, or preferably the 
acid is previously treated with a portion of the 
wast£ gases frOm the saturator, the«sulphuretted 
hydrogen in which precipitates the arsenio as 
sulphide, the latter being removed before the 
aoia enters the saturator. 


I In some oases the sulphate assumes a blue 
colour on standing in t£e air, owing to the 
formation of traces of Prussian blue. From the 
1 researches of Forbes Carpenter and Linder 
(Chief Alkali Inspector’s Report. 1906, 61), it 
appears that this is mostly due to local alkalinity 
occurring in some portion of the liquid in the 
saturator, in which case hydrocyanic acid is ab¬ 
sorbed at that point, and, with the traces of iron 
always present, forms ammonium ferrocyanide; 
i the latter, on exposure to the air, oxidises, form* 
! ing Prussian blue. Priming of the still, resulting 
: in the introduction of ferrocyanides and thio¬ 
cyanates into the Baturator, has a similar effect, 
| but the production of the blue salt often occurs 
in absence of priming. Its formation is best 
avoided by maintaining the liquid hot and of 
sufficient acidity, and arranging that the passage 
of the gas shall effect a thorough mixing of the 
liquid in the saturator, so as to prevent the 
occurrence of local alkalinity. 

Waste products in the manufacture of Am¬ 
monium Sulphate .—Three waste* products are 
formed in the process: (a) the effluent liquor; (6) 
the aqueous condensate from tho cooling of the 
waste gases; (c) tho waste gases. The effluent 
liquor is run into settling tanks, where it deposits 
suspended lime salts, and becomes cooled. The 
clarified liquor is sometimes run into the sewers, 
but as it'^ontaina lkrge quantities of lime salts 
(especially thiocyanate and phenols), this is 
frequently not permitted, and its disposal is 
often a matter of great difficulty. In gas works 
it is sometimes got rid of by employing it to 
quench tho hot coke from the retorts, and in 
some cases it is even evaporated to dryness. 
Fowler (Alkali Inspector’s Report, 1907, 51) 
allows the liquor, after considerable dilution, to 
pass through coke filters inoculated with Bew r age 
bacteria, which, if gradually accustomed to the 
liquor, oxidise the thiocyanates and phenols, 
yielding a fairly pure effluent, and this may be 
employed for dilution of the fresh liquor going 
on to the filter. Radcliffe (Eng. Pat. 10076, 
1905) removes the thiocyanates by precipitat¬ 
ing as cuprous thiocyanate with copper sulphate 
in presence of sulphurous acid, the latter being 
obtained by burning a portion of the waste 
gases. Grossmann (Eng. Pat. 20387, 1906; 
7932, 1907; J. Soc. Chom. Ind. 1906, 411) has 
also described a process for avoiding the produc¬ 
tion of waste liquor and recovery of the ferro¬ 
cyanide and thiocyanates present in it. 

The avoidance of the production of waste 
liquor altogether is an especial object in the 
process of the Otto-Hilgenstock Coke Oven Co. 
(Eng. Pat. 12809, 1908) now being adopted in 
some coke-oven worko. In this the gas from the 
ovens is treated for the removal of tar at tem¬ 
peratures above that at which water condenses, 
and then passed directly through sulphuric aoid ; 
the aqueous condensate obtained in the subse¬ 
quent cooling of the gas is free from ammonia, 
and only contains small amounts of impurity, 
and it is claimed that no difficulty is experienced 
in disposing of it. Wilton (Eng. Pat. 16365, 
1909) has patented a somewhat similar prooesa 
with the same object. 

The aqueous condensate obtained by ooolmg 
! the waste gases is a very noxious-smelling liquid, 

; and is hence termed 4 devil-liquor.* It contains 
i sulphuretted hydrogen, pyridines, and similar 
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substance*, and hydrocyanic acid, and is also 
diffioult to dispose of« The hot condensate from 
the liquor-heater or ooonomiser is less objection¬ 
able than that obtained in the further cooling 
of the waste gases, which contains much more 
sulphuretted nydrogen; but if the latter is 
returned to the pipe conveying the hot con¬ 
densate and the waste gases from the economiser, 
most of the sulphuretted hydrogen is driven off 
again into the waste gases, and the combined 
liquor, after cooling, may be mixed with the 
effluent from the stills without increasing the 
difficulty of dealing with the latter (Broadborry, 
J. Gas Light. 69 t 345). 

The waRte gases, after cooling, consist 
chiefly of carbon dioxide, sulphuretted hydrogen, 
and smaller quantities of hydrocyanic acid, as 
well as strongly smelling empyreumatic vapours 
derived from the tar. With coko-oven liquors, 
which often contain considerable quantities of 
cyanide, tho amount of hydrocyanic acid may 
be considerable, necessitating additional care in 
dealing with it owing to the poisonous nature of 
the gas. In many cases the gases are burned 
under the boiler or other furnaces, and discharged 
with the products of combustion from the 
chimney ; or tho gases may be burned separately 
and the resulting sulphur dioxide absorbed by 
passing the products through a limestone tower 
down whioh water is passing, yielding t solution 
of calcium bisulphite, or through scrap-iron 
towers, when a solution of ferrous sulphate is 
formed (Wilton, Eng. Pat. 15408, 1901). With 
small and medium-sized plants, the sulphuretted 
hydrogen and hydrocyanic acid are mostly 
removed by oxide of iron, m a similar manner to 
that employed for purifying coal gas. In place 
of purifying boxes, conical heaps of oxide of 
iron on a concrete floor are now much used, the 
gas being introduced from the bottom at the 
oentre of the heap ; the spent oxide obtained is 
saleable for its sulphur content. Tho sulphur¬ 
etted hydrogen may also be precipitated with 
metallic salts, and where sulphuric acid is also 
made, the gases are burned and passed into the 
chambers, thus recovering the sulphur as sul¬ 
phuric acid. A considerable proportion of the 
waste gas is convcrtod into sulphur by tho 
Clans process (Eng. Pat. 3606, 1882; 5070, 
1883; 5958, 1883), also used on the large scale 
in the Chance sulphur-recovery prooess. By this 
method, sufficient air is mixed with the gas to 
reaot with the sulphuretted hydrogen in accord¬ 
ance with the equation 2H 2 S+0 2 =2H 2 0-f-2S, 
and the mixture passed through a kiln containing 
heated ferrio oxide, the sulphur formed being 
deposited in oooling chambers, and the residual 
gases passed through a email limestone tower 
and oxide-of-iron purifier to remove any sulphur 
dioxide or sulphuretted hydrogen remaining. 
The sulphur obtained is not very pure, owiffg to 
tanr matters, &c., present in the gases treated. 

Manufacture of Caustic Ammonia (Liquor 
Ammoniac) and of Liquefied Ammonia.— The 
pure aqueous, solution of ammonia was formerly 
manufactured by distilling ammonium sulphate 
with lime in intermittent stills provided with 
mechanical arrangements for stirring the some¬ 
what thick cream, but it is now usually made by 
the direct distillation of gas liquor, with suitable 
purification of the gas evolved from the stills, 
whioh is then dissolved in water. In addition 


to the pure aqueous solution, a orude solution 
containing sulphide, and sometimes carbonate, 
is also largely manufactured, this being 
cheaper and equally applicable to many 
purposes, especially in the manufacture of soda 
by the ammonia-soda prooess, and for the 
preparation of other amrnonfiim salts. This 
crude product is termed ‘ concentrated gas 
liquor,’ two kinds being manufactured, tho one 
containing from 10 to 18 p.c. of ammonia, with 
both sulphide and carbonate present, and the 
other from 18 to 26 p.c. of ammonia, with some 
sulphide but little or no carbonate. 

In the manufacture of the first-named liquor, 
the gases from the stills, worked as in the 
manufacture of the sulphate, pass through a 
reflux condenser, to remove somo of the steam 
present, and then through a direct condenser, 
the gases from which are washed with water. 
Working in this manner, it is not practicable to 
obtain a groater strength of ammonia than 16-18 
p.c., as with higher concentrations stoppages 
occur in tho condenser from crystallisation of 
ammonium carbonate. 

25 p.c. Concentrated Liquor .—In the manu¬ 
facture of this liquor containing little or no 
carbonic acid and only small amounts of sul¬ 
phuretted hydrogen, the crude gas-liquor is first 
subjected to a preliminary heating to tempera¬ 
tures somewhat below 100° (Hill's process), at 
which temperature a large proportion of the 
carbon dioxide and sulphuretted hydrogen are 
evolved, accompanied by only small quantities 
of ammonia, tho latter being recovered by 
washing the evolved gases with water or weak 
ammoniacal liquor, or by other suitable means ; 
tho preheated liquor is then distilled as in the 
case of the sulphate process with the addition 
of sufficient lime to decompose completely all 
fixed ammonium salts present, and the^team 
and gases from the still passed through a reflux 
condenser, to remove fcno bulk of the steam, 
and thence to a condenser; the condensate from 
the reflux condenser, which contains a consider¬ 
able amount of ammonia^ is returned to the 
still. The concentrated liquor from the final 
condenser contains usually about 25 p.o. of 
ammonia, and has a yellowish colour. It is 
usually almost free from carbonic acid, and 
should not contain more than 0-5 p.c. of sul¬ 
phuretted hydrogen. In addition small amounts 
of cyanide, ferrocyanide, and thiocyanate are 
mostly prosont, derived from the hydrocyanio 
acid evolved from the crude liquor, and also 
small amounts of phenols and of pyridine 
bases. 

Pure Caustic Ammonia .—In the manufacture 
of this product, the procedure in the first part 
of the process is the same as in the case of the 
production of the 25 p.c. concentrated liquor 
To further purify the gases evolved from the 
still, and to remove as completely as possible 
all impurities from them after passing the reflux 
condenser, the gases traverse a set of two or three 
washers containing cream of lime to remove carbon 
dioxide, sulphuretted hydrogen, hydrocyanio 
acid, and phenol vapour, the partly used lime 
flowing back, to the stills to effect the decompo¬ 
sition of the fixed ammonium salts, and 
recovery of ammonia from the cream. To 
ensure the removal of tho last traces of sulphur¬ 
etted hydrogen, ferrous sulphate solution is 
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times added to the last lime washer, the 
rRsxvds hydroxide formed by the aetion of the 
lihie retaining the gas as ferrous sulphide, or, 
according to Pfeiffer (J. Gasbol. 1900, 89), a 
small final washer containing caustic soda 
solution is added. Solutions of sodium per¬ 
manganate or arfimonium persulphate may also be 
used (Foucar). The gases then pass through a 
stifeies of scrubbers charged with wood charcoal, 
yduoh remove the strongly smelling empyreu- 
matic substances derived from the tar, and in 
some cases additional purification in this respect 
is effected by passing the gas through a fatty or 
high-boiling mineral oil. The resulting purified 
gas is then led into distilled water, and thus con¬ 
verted into solution of any desired strength up to 
about 36 p.c. The charcoal scrubbers must be 
renewed as soon as their activity becomes 
lessened, the spent material being rovivified by 
heating in closed retorts. 

Technical caustic ammonia is usually cloar 
and colourless, and contains only small quantities 
of pyridine and empyreumatic substances. When 
these are present in larger quantity, owing to 
defective action of the charcoal filters, the liquid 
aasumos a yellowish colour on keeping. Its 
strength is ascertained from its specific 
gravity. 

Liquefied A mmoniu .—'The liquefied gas, 
stored in steel cylinders, is now largely produced 
and employed for refrigeration purposes. It is 
manufactured from the gas obtained and 
purified as described for the manufacture of the 
pure aqueous solution, but instead of passing 
it into water, it is well dried, and then com¬ 
pressed by suitable pumping machinery. The 
commercial liquid usually contains small 
amounts of water, pyridine, and lubricating oil, 
and traces of other substances, but is now 
‘ sold, in many cases, as of guaranteed 99-9 p.e. 
purity. . . 

Ammonium Chloride (Muriate of Ammonia 
or Sal-ammoniac).—'This salt has been manu¬ 
factured in a similar manner to that employed 
for the sulphate, by passing the gases from 
the stills into hydroohlonc acid, but as 
lead is attacked under these conditions, the 
saturator must be constructed of stoneware or 
similar material, which has many disadvantages. 
It ig now usually made by neutralising hydro- 
chlorio acid with concentrated gas liquor, and 
evaporating and crystallising the resulting 
solution, or by evaporating a solution of ammo¬ 
nium'sulphate and sodium chloride in equivalent 
proportions; the sodium sulphate formed 
' separates out during concentration as the 
monohydra'te, which is removed by ‘ fishing, 
leaving finally a concentrated solution of ammo¬ 
nium chloride, which is purified by orystallisa- 

^ It is also manufactured by neutralising 
« galvanisers’ pickle ” (which consists chiefly oi 
ferrous chloride) with ammonia, and by the 
action of ammonium carbonate (or of ammonia 
and carbon dioxide) on calcium chloride solution, 
thelatter being obtained in large quantity as a 
by-product in the amiponia-soda manufacture, 
and hi that of potassium ohlorate ; the solutions, 

ammonium ohloride obtained iw either case 
are evaporated and crystallised after removal of 
j... — substances 


Ltnmonium chloride may be obtained iu 


cubical crystals by adding small amounts of 
ammonium acetate to theorystallising solution. 
The modification of crystalline form is probably 
due to acetamide produced by the decomposition 
of the ammonium acetate. 

Ammonium chloride is frequently purified 
by sublimation, the sublimed product being 
known as sal-ammoniac. In this country the 
operation is carried out in large iron pots 
externally heated and covered with a similar 
concave iron plate on which the sublimate 
(sal-ammoniac) forms. This is detached at the 
end of the operation, the surface adhering to the 
iron, which is always discoloured, being removed 
previous to sale. In France the discolouration 
with iron is avoided by using earthenware pots, 
but the product is more expensive, owing to 
the fact that the pots are destroyed at each 
operation. 

The commercial crystallised salt is white or 
only slightly discoloured, whilst the sublimed 
material has a fibrous structure, and frequently 
contains small amounts of iron. It is employed 
in pharmacy, soldering, galvanising, dyeing, and 
calico-printing, and in small quantities for many 
other purposes. 

Ammonium Carbonate (Sal-Volatile).— 1 The 

commercial product sold under this name 
consists of a mixture of ammonium bicar¬ 
bonate NII 4 JIC0 3 with ammonium car¬ 
bamate NH 2 , CO , ONH 4 , and contains about 31 
p.c. of ammonia and 56 p.c. of carbon dioxide. 
Jt is usually prepared by subliming a mixture 
of about 1 part of ammonium sulphate with 1 5 
to 2 parts of chalk in retorts, the evolved gases 
being passed into leaden chambers, where the 
carbonate is deposited as crusts on the walls, 
the exit gases being washed with water or 
sulphuric acid to recover the uncondensed 
ammonia. Lunge recommonds the passing of 
an additional quantity of carbon dioxide through 
the chambers to effect a more complete recovery 
of the ammonia. As soon as the crust has 
attained a sufficient thickness it is detached, and 
is usually purified by resublimation. In Kun- 
heiin’s process, the carbonate is prepared by 
passing ammonia obtained by the distillation 
of gas liquor direct into chambers, where it 
mixes with carbon dioxide and deposits the 
carbonate as a crust. (See also Bueb, Eng. 
Pat. 9177, 1910.) 

The commercial product forms crystalline 
crusts, smelling strongly of ammonia, which is 
Partially evolved on exposure to the air, the 
mass efflorescing and leaving a powder consisting 
of ammonium bicarbonate. It is employed in 
wool-scouring, dyeing, and as a constituent of 
baking powders. 

Ammonium Nitrate—This salt is produced 
to a>* very large extent for use in the explosive 
industry ana in the preparation of nitrous 
oxide. It may be obtained by neutralising 
caustic ammonia with nitric acid, and evaporat¬ 
ing and crystallising the solution if necessary, 
or by pass ; ng ammonia-gas from the stills, after 
purification, rinto oommercial nitric acia/ tfee 
heat evolved by the combination causing fhfl 
evaporation of the water present and production 
of fused ammonium nitrate. Caloium nitrate 
may also be converted into ammonium nUratf 
bypassing ammonia and carbon dioxide through 
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its sqaeoos solution, oalcium carbonate being 
precipitated. It is, fcowever, now chiefly pre- 
ietred from ammonium sulphate and sodium 
nitrate by the process of Frceth and Cocksedge 
'(Eng. Pat. 120678). This process depends on 
the fact that when a solution saturated with 
respeot to ammonium nitrate, sodium nitrate 
and sodium sulphate at any given temperatuie, 
but not in contact with the solid salts, is dibits d 
with sufficient water to enable the solium salts 
to be retained hi solution at a lower temporal lire 
to whioh it is to be cooled oil dilution, then, on 
cooling to tiiat temperature ammonium nitrate ! 
crystallises out. in practically pure condition. 
After separation of the nitrate, the clear solu-1 
tion is concentraUd to diive ofl the amount of 
water added on previous dilution, and a further 
quantity of a mixture of equivalent amounts of 
sodium nitiate and ammonium sulphate addid. 
The whole is maintained at a temperature not 
lower than that at whioh the original «as 
saturated previous to dilution with vater. 
Sodium sulphate then soiaratrs in practiially 
puro condition, and after its removal the dilu¬ 
tion with water and cooling is repeated, and 
the oycle of operations rept atid. In this manner 
the whole of the ammonium sulphate and sodium 
nitrate arc completely oonvirted into practically 
pure ammonium nitrate and sodium sulphate. 

Calcium mtrato may a%o be con-terted into 
the ammonium salt by passing ammonia and 
carbon dioxide gases through its aqueous solu¬ 
tions, oalcium carbonate being precipitated. 

Ammonium phosphate. Monammonium phos¬ 
phate and diammonium phos¬ 

phate (NH,) a HPO t have become commercial 


with copper sulphate and sulphurous aoid. Itja 
prepared synthetically from carbon disulphide 
by absorbing the latter in ammonia in presence 
of bases such os lime [Albright and Hood, Eng. 
Pat. 14164, 1894), the ammoninm thiooarbonnfc 
first produced undergoing conversion into thio¬ 
cyanate. A concentrated solution of ammonium 
J - - number of 

• .. i 

by passing the crude gas containing ammom* 
and hydrocyanic acid through a purifier con¬ 
tain ng sulphur in the form of spent oxide and 
moistened with water and f&d with powdoied 
sulphur, the ammonium polysulphide firtt 
formed combining with the hydrocyanic acid 
to form thiocyanate, solutions of 30-50 p.o. 
strength being leaddv obtaned, whioh only 
contain small amounts of other non-volatile 
ammonium salk. 

The pure salt is used in dyeing and calico- 
printing, and may be obtained from the crude 
product by first converting it into the barium 
salt with baryta-water ; or the barium salt may 
be produced by the action of barium sulphide 
on cuprous thiocyanate. After purification by 
recrystallisation," tho barium salt is exactly 
precipitated with ammonium sulphate, and the 
solution evaporated and crystallised. The white 
deliquescent salt has frequently a reddish oolour, 
duo to the formation of the rod ferric thiocyanate, 
from traces of iron present. 

Ammonium persulphate. This salt is now 
produced on the commercial scale by the 
electrolysis of ammonium sulphate, and is 
employed for photographic purposes and as an 
oxidising agent. The commercial product usually 
contains small quantities (}f lead derived from 


products by the process of contains small quantities ui icuu uwn 

^1^=^'I the electrodes used in its Manufacture. 

solution of 42°Tw. is obtained, together with a 
rosidue of oalcium sulphate. Some of the 
latter remains in the solution, and is re¬ 
moved by carefully adding barium carbonate. 

The filtrate is neutralised by ammonia in slight 
excess, whereby all the lime is precipitate ! as i indicus. 
basic phosphate, which is washed and used over 
again for the manufacture of superphosphate, 
liie filtered solution, marking 32°Tw., contains 
monammonium phosphate, and can be worked 
for this or for diammonium phosphato. The 
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AMMONIACUM, AFRICAN, GUM, PERSIAN, 

v. Gum Kksms. 

AMMONITE v. Explosives. 

AMMONIUM MELEQUETA v. Co ecu lu s 

AMPANGABEITE. A rare-earth mineral 
from Madagascar, described by A. Lacroix in 
1012. It is » tantiilo-columbat© (containing 
but little titanium) of uranium (UO, 194 p.c.), 
iron, yttrium, thorium, &c. The crystals are 


latter is obL n^ by gradZiy S the'atovc orthorhombic and form sub-parallel groumng, 
solution with ligJ amm onim of sp.gr. 0-92, in of large pnsms of a brown oofcu -dW 
tho proportion of 11 equivalents of NH, to 1 of greasy lustre. Sp.gr. .! 97-4 20, (iepcnding on 
(NH,iH,(PO,). The diammonium phosphate at i the degreo of hydration, the material being 
once separates out as a crystalline mass, which, , optically isotropic lhe mineral occurs auo- 
after cooling, is oubmitted to hydraulic pressure, elated with beryl, columbite, struvente, uttl 


The operation is carried out in a closed vessel, 
to prevent the escape of ammonia. The mother 
liquor is employed for the manufacture of 
ammonia. The diammonium phosphate is prin¬ 
cipally used in Lagrange’R sugar-renning pfocess. 

Ammonium thiocyanate is manufactured in 
considerable quantity in the orude state, but 
the product is for the most part simply employed 
as an intermediate product in the manufacture of 
cyanide#. It occurs, as has been mentioned, in 
considerable amount in gas-liquor, and also in 
spent oxide, from which it may be extracted by 
’water, but in both cases it is mixed with so 
gouty other impurities that its recovery is not 
remunerative; it may, however, be easily iso¬ 
lated as cuprous thiocyanate by precipitation 


monazite in pegmatite veins at Ampangabe, 
Ambatofotsikely, and Tongafeno. A consider¬ 
able number of loose crystals have been collected 
from the weathered debris of the pegmatite. 

L J S. 

AMPELOPSIDIN, AMPELOPSIN, v. Antho- 

CYANINS. 

AMPHOTROPHIN. Trade name for hexa¬ 
methylenetetramine camphorate. 

AMRAD-GUM. This gum forms white, 
yellow, and brown lumps of a sweetish taste and 
resinous smell. An aqueous solution (1 :2) is 
viscid and |trongly adhesive. It also gives with 
oil excellent emulsions, which keep very well. 
The dry subgtance contains S'Cl p,c. of ash, 
consisting of carbonic acid, lime, iron, magnesia, 



AMRAD-GUM. 


m 

-traces of phosphoric acid and silica. Has been 
recommended as A substitute for gum arabio. 
It was brought into the market some years ago, 
and comes from the Abyssinian highlands; is 
probably obtained from Acacia dbacia (Sohwein- 
turth). (H. Unger and Kempf. Pharm. Zeit. 33, 
218 ; J. Soc. Chtm. Ind. vii. 446.) 

AMYGDALASE, AMYGDALIN v. Gluco- j 

SIDES. 

AMYGDONITRILE GLUCOSIDE v. Gluco- I 

SIDES. 

AMYGDOPHENIN v. Synthetic drugs. 

AMYL signifies the hypothetical mono¬ 
valent radical CjHn —, derived from the three 
tsomerio pentanes, C 6 H 12 , by removal of one 
hydrogen atom. Normal pentano may have 
one hydrogen atom substituted by a mono¬ 
valent atom or group in«three ways, secondary 
pentane or dimethylethylmcthano may have 
one hydrogen atom substituted in four ways, 
and tertiary pentano or tetramethylmethane 
may have one hydrogen atom substituted in 
one way. There are thus eight, series of deriva¬ 
tives of the radical ‘amyl.’ It is usual to 
designate as amyl compounds t hose of the type 
CH a *OH a *CII 8 *CH 2 *OH 8 X, where X signifies a 
monovalent atom or group, and those of the 

type ch ’>CH-CH 1 CH 2 X as isoamyl com¬ 
pounds. Frequently derivatives of the type 
X ! w ^ en * n the optically 
active form, are referred to as active amyl com¬ 
pounds, as the commonly occurring active amyl 
alcohol belongs to this class. The other types 
of amyl derivatives are designated according 
to the usual methods of nomenclature in organic 
chemistry. 

The amyl compounds of technical importance 
are all prepared from fusel oil, and are therefore 
in no case pure chemical individuals, but con¬ 
sist of an iwoamyl compound containing a 
variable proportion of the corresponding d- 
amyl derivative. 

Amyl Alcohols CjHjjOH. The eight theo¬ 
retically possible structural isomerides are all 
known. Of these, three should also be capable 
of existing as optically active stereoisomeridcs. 
This has been realised in two cases, but not in 
the third, namely that of methyh’sopropyl- 
carblnol. 

n-Amyl Alcohol CH.-CH.-CH.-CHj-fcH.OH 
(Pentanol). This alcohol was prepared in an 
impure state by Schorlemmer (Annalen, 1872, 
161, 269) from crude pentane. Wischnegradsky 
(Annalen, 1878, 190, 328) concluded that it was 
present in commercial amyl alcohol, but this 
has been shown to be incorrect (Tissier, Bull. 
Soc. ohim. [3] 9, 100). 

It is a colourless liquid of fusel oil odour; 
b.p. 137-7°; d‘^= 0-8168. It is best pro- 
pared bv reducing valeramide with sodium 
and alcohol (Chem. Zentr. 1904 [2] 1698), or by 
a similar reduction of ethyl-n-valerate or ethyl- 
n-propylaoetoacetate (D. R. P. 164294, 1905; 
see aho Biochem. Zeitsch. 1914, 62, 470; and 
Annalen, 159, 70 ; 233, 2t>3). 

Isobutyl Carbinol (CH,) 2 CH-OH 2 CH.OH (3- 
methylbutaaol). Ordinary tsoamyl alcohol, fer¬ 
mentation amyl alcohol, is the chvrf constituent 
of most fusel oils. It also ooours fs angelic and 


tiglic esters in oil of camomile (Annalen, 195, 
99). It constitutes from> 50 to 85 p.c. of 
technical amyl alcohol. (For further details as 
to the isolation of isoamyl alcohol from fusel 
oil, &c., see below under ‘ Fusel Oil.’) 

It is a colourless liquid possessing a character¬ 
istic, cough-provoking, oaour; b.p. 131 47760 
mm., 46*8°/14 , 2 mm. It freezes at —134°, and 

molts at -117-2°; d“,= 0-823. It is soluble in 
50 parts of water at 13*5°. One litre of water 
dissolves 347 c.c. isoamyl alcohol; 1 litre of 
the alcohol dissolves 22*14 c.c. water. 

It may be prepared synthetically by reducing 
isovaleric acid (from i-sobutylalcohol), or better, 
by the action of trioxymethylcne on iaobutyl- 
magnesium bromide (Locquin, Bull. Soc. chim. 
1904, [3] 31,699). It is a strong poison both to 
human beings and to bacteria. It is about 
eight times as poisonous to man as ethyl alcohol. 

Derivatives. —Urethane, m.p. 64’5° ; phenyl 
urethane, m.p. 54°; phenyl carbamate, m.p. 55°. 

Secondary Butyl Carbinol 

ch 8 *c h 2 oh(CH 3 ) ch 2 <) n 

(2-methylbutanol). Active amyl alcohol, the 
second constituent of commercial amyl alcohol, 
is a colourless liquid of similar odour to the 
above. The vapour does not provoke coughing, 
but has greater stupefying offeets; b.p. 128° ; 
D^WsiO ; [a]': (l VL - 6-90°. 

4 L J l> 


The active alcohol, in spite of its la*.vorota- 
tion is more correctly termed (Z-arayl alcohol, on 
account of its genetic relationships with d- 
tsoleucme and with <Z-valeric acid. The oxida¬ 
tion of the alcohol yields pure (/-methylethyl- 
acetic acid. For the methods of isolating the 
pure active alcohol from fusel oil, see below, 
under ‘ Fusel Oil.’ It should be noticed that all 
technical amyl compounds contain variable 
amounts of the active amyl derivatives. 

Derivatives. —Urethane, m.p. 61° ; phenyl 
carbamate, m.p. 30°; 3-nitrophthalate, m.p. 
114°. 


The active alcohol is partially or wholly 
racemised by heating above 200°, more especi¬ 
ally when in the form of sodium amylate or in 
the presence of salts soluble in the liquid (Chem. 
Soc. Trans. 1897, 71, 256; Proc. Roy. Soc. 
17, 308). The racemic alcohol has been synthe¬ 
sised by the reduction of natural or synthetio 
tiglic aldehyde (Horzig, Monatsh. 3, 122), and 
by the action of secondary butylmagnesium 
bromide on trioxymethylene (Freundler and 
Damond, Bull. Soc. chim. [3] 35, 110). It has 
b.p. 128°/749 mm. Its acid m-nitrophthalate 
melts at 117°. A mixture of racemio with 
Z-amyl alcohol was obtained by Le Bel (BulL 
Soc. chim. 1878, [2] 31, 104). 

Tertiary Butylcarbinol (CH a ),C CH a OH (2*2- 
dimetkylpropanol). This alcohol is a volatile 
solid melting at 52°-53°, and has a pleasant 
turpentine-like odour; b.p. 113°-114°. It has 
all the characteristic properties of a primary 
alcohol. 

It has been prepared' by reduction of tri- 
methylacetyl chloride, also, in poor yields, by 
chlorination, &c., of tetramethylmethane and 
by the action of a Grignard reagent on para¬ 
formaldehyde or methyl formate (Tissier, Ann. 
Chim. Phys. [6] 20, 340; Samec, Annalen, 351, 
256 i Bouveault, Compt. rend. 138, 985, 1108). 



The action of nitrous acid upon this alcohol 
yields not this alcohol, but the isomeric dimethyl- 
ethvlcarbinol (Tissier,«Compt. rend. 112, 1065). 

Methyl-n-propylcarbinol CH s *CH(OH)C 8 H 7 
(pentanol-2). This is a colourless liquid of b.p. 
119°, and D^=0*8102. It is prepared by the 
reduction of methyl-n propyl ketone by means 
of sodium amalgam, or better, by the method of 
Kabatier and Senderens (Chem. Zentr. 1903, [2'J 
708). Tho best method of preparation is by 
the action of propylmagnesiumbromide on 
acetaldehyde. 

This alcohol is racemic. Lo Bel, using 
Penicillium glaucum, obtained a lsevorotatory 
specimen (Comp't. rend. 89, 312). Pickard and 
lvenyon (Chem. Soc. Trans. 1911, 99, 46), by 
crystallisation of the strychnine and brucine 
hydrogen phthalates, obtained tho pure d- 
alcohol; b.p. 118-5' > -119'5°; D*? 3 °=0'8IO«.H 

[,«]““=+ 13-70°. 

Methylisopropylcarbinol 

CH 3 *OH(OIi)-OH(CH 3 ) 3 
(4-methylbutanol-2), a colourless liquid of b p. 

113°, which has tho fusel oil odour. It docs not 
freeze at —33°. It has j=0‘819. Hydrogen 
halides react with it very slowly to produce only 
tertiary compounds, such %s C 9 H 5 *(<9 EI s )2’C‘Ci. 
It has been prepared by the reduction of tho 
corresponding ketone, and, in good yield, by the 
peculiar action of zinc dimethyl upon bromo- 
acetyl bromide or chloroacetyl chloride (Anna- 
len, 191, 127 ; 209, 87). It may also be obtained 
by the interaction of methylmagnesium bromide 
and isobutylene oxide, chloroaeetono, or chloro¬ 
acetyl ohlorido (Compt. rend. 145, 21). 

This alcohol is racemic ; the optically active 
components havo not been isolated. 

Diethylcarbinol C 2 H 5 (’H(()H)C 2 H6X (penta- 
nol-3). This is a colourless liquid having the 
usual amyl alcohol odour; b.p. 114°—115°/749 
mm. ; D 147 °=0-8271. 

It is prepared by the action of ethyl formate 
on zinc ethyl (Annalen, 175, 351), or on ethyl- 
magnesiumbromide (Chem. Zentr. 1901, [2J 
623). 

Derivative .—Phenyl urethane, m.p. 48°-49°. 

Ethyldimethylcarbinol (■ 2 H 6 , C(CH 3 ) 2 OH (1- 
1 -dimethylpropanol). This alcohol, commonly 
known as ‘ amylene hydrate,’ is a colourless 
liquid possessing an odour resembling that of 
camphor; b.p. 101T>°-102°; m.p. —12°; 
D^=0-8144. 

It has been prepared synthetically by the 
interaction of propionyl chloride and zinc 
dimethyl (Annalen, 190, 328). It is produced 
commercially by treating amylene with aqueous 
sulphuric acid, and subsequently boilii% tho 
solution. Trimethylethylene, the chief con¬ 
stituent of commercial amylene, is thus quanti¬ 
tatively converted into tertiary amyl alcohol, 
which is emploved ntedicinally as a hypnotic. 

Fusel Oil is the source of all commercial 
amyl compounds. It is a yellow or brownish 
liquid possessing a nauseating taste and a 
characteristic unpleasant, cough - provoking 
odour. It boils from 80° upwards, but chiefly 
between 128° and 132°. It has a density of 


about 083. It bums with a bright flame* and 
its main constituents are usually woamyl 
alcohol and active (lsevorotatory) d-amyl alcohol 
in varying proportions. 

The larger quantity of commercial fusel oil 
is obtained as a residue in the refining of the 
crude spirit from the fermentation, of potatoes 
or molasses. The separation *is effected by 
fractionating the fermented liquor, usually in 
a continuously operating plant (.see under 
Alcohol). When the ethyl alcohol content of 
tho liquid has fallen to 15 p.c. the fusel oil may 
bo removed from the surface, where it separates 
as an oily layer. Crude spn^t after fractiona¬ 
tion may contain 95 p.c. of ethyl alcohol, and 
usually about 0 4 p.c. of fusel oil. Brandy con¬ 
tains at the most only traces, but the spirits 
having tho most pleasing aroma, those from 
corn or fruit, e.g. cherries, &o., may contain 
up to O’G p.c. or more of fusel oil, partly in 
the form of esters The presence of tho fusel 
oil may increase tho intoxicating qualities of 
the spirit, but the harmful effects oi excessive 
spirit drinking seem to be mainly caused by 
ethyl alcohol. 

The chief constituent of most fusel oils is 
the mixture of amyl alcohols which constitutes 
05-80 p.c. of the whole, and which is sold as 
commercial amyl alcohol of b.p. 128°-132°. 
The proportions in which the two amyl alcohols 
occur in commercial amyl alcohol vary con¬ 
siderably, as Marckwald pointed out, according 
to the source of the specimen. Ordinary com or 
potato amyl alcohol contains from 13’5 to 22 p.o. 
of the active isomeride, while the amyl alcohol 
from molasses fusel oil contains from 48 to 58 
p.c. of the lsevorotatory alcohol. Besides the 
amyl alcohols, ordinary fusel oils oontain 
usually from 15 to 25 p.c.* of wobutyl alcohol 
(b.p. *108°), and from 4 t<5 7 p.o. of w-propyl 
alcohol (b.p. 97°). But the fusel oil* from 
wines may contain large quantities (as much as 
60 p.c. of tho whole) of n-butyl alcohol. That 
produced by the Fernbach Fermentation Process 
is said to contain 65 p.c. of butyl alcohol. 

In addition to these pain constituents, there 
aro always present in small quantities some or 
all of tho following : hexyl and heptyl alcohols, 
furfurol, acetaldehyde, hsobutyl and valeric 
aldehydes, ammonia and amines, pyridine, 
pyrazino derivatives, traces of all the fatty 
acids up to caprio acid in the form of ethyl, 
amyl or oenantbyl esters, terpene and terpene 
hydrate. 

Tho formation of fusel oil in fermentation 
has been explained by Ehrlich (Ber. 1906, 39, 
4072 ; 1907, 40, 1027, 2638 ; 1912, 45, 1006; 
Biochem. Zeitsch. 1911, 36, 477 ; see also 
Biochcm. Zeitsch. 1907, 3, 121; 1908, 10, 490). 
Ehrlich haB shown that the addition of leucine 
and d- t.soleucine, in the form of, e.g., hydrolysed 
egg albumen, during the fermentation process, 
results in a largely increased yield of amyl 
alcohols. This is made the basis of a technical • 
method (0. R. P. 177174). Leucine, from egg 
albumen, can also be converted by dry distilla¬ 
tion into amylamine (D. R. P. 193166), and 
thence into a mixture,of amyl alcohols similar 
to that occurring in fusel oil. 

Detection ana Estimation .—Fusel oil is best 
detected in spirits by rubbing a little of the 
liquid between the hands, when the ethyl alcohol 
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evaporates and the residue reveals itself by its 
smell. When a large quantity is available for 
the estimation, it may be accomplished by 
subjecting the material to fractional distillation. 
For ordinary purposes the usual method depends 
on the extraction of the fusel oil from a 30 p.c. 
ethyl alcohol solution by means of chloroform, 
the increase in° volumo of the latter being 
observed (see Ehrlich, Ber. 1907, 40, 1031; 
Pringsheim, Biochem. Zeitsch. 1907, 3, 233). 
For another valuable method, see Aberhalden’s 
Handbuoh dor biochemische Arbeitsmethode, 
ii. 11 ; v. Fusel oil. 

Uses. —Fusel nil and commercial amyl 
alcohol are valuable solvents for resins, fats, and 
oils; amyl alcohol, being much more useful 
for these purposes than ethyl alcohol, is therefore 
indispensable in industry. It is much used in 
the nitrocellulose smokeless powder and lacquer 
industries. It has been proposed as a raw 
material for the production of synthetic rubber 
(Perkin, J. Soc. (Jhem. Ind. 1912, 31, Gib). 

Preparation of lsoamyl and d-Amyl Alcohol 
from Fusel Oil. —This separation was first 
partially effected by Pasteur (Annalen, 1855, 90, 
255) by the fractional crystallisation of the 
barium salts of the amyl sulphuric acids. Le 
Bel went further, using the fact that conversion 
of the alcohols into the chlorides by hydrogen 
chloride left a more active residue than the 
original mixture (Bull. Soc. ehim. \2] 21, 542 ; 
25, 545). Marckwald finally isolated the two 
alcohols in a state of chemical purity (Ber 1901, 
34, 479, 485; 1902, 35, 1595, 1002; 1904, 37, 
1038), by fractional crystallisation of the 3- 
nitrophthalie esters and also by using Pasteur’s 
method. All the pairs of derivatives of the 
two components of natural amyl alcohol 
examined by Marckwald formed mixed crystals. 

To obtain i*oamyPalcohol, use a potato amyl 
alcohol ^containing 80 p.c. of i-soamyl alcohol 
and convert it at once into the 3-nitrophthahc 
ester, which isquickly purified by recry6tallisation. 

To obtain d-amyl alcohol (luevorotatory), use 
the molasses amyl alcohol containing at least 
50 p.c. of the required compound. Saturate 
with dry hydrogen chloride at 0°, and heat in 
an autoclave for live hours at 110°. On distilla¬ 
tion of the product a liq uid is obtained containing 
80 p.c. of the active alcohol. This is then con¬ 
verted into tho 3-nitrophthalate and recrystal¬ 
lised from benzene until the melting-point of 
the compound is 114°. The two alcohols are 
very easuv obtained from the aoid nitrophthalic 
estere by hydrolysis. 

Amyl Acetate OjHjjO’CO’CHj. A colour¬ 
less neutral ^ mobile liquid having a pene¬ 
trating odour resembling that of jargonelle 

pears ; b.p. 1385 0 -139°; D 16 .° = 0875. le 
easily inflammable, and sparingly soluble in 
water, but easily so in organic solvents. For 
it* preparation, 1 part of commercially pure 
amyl aloohol, 1 part of glacial acetic acid, and 
■J part of concentrated sulphuric acid, are heated 
at 100° for five hours, the mixture poured into 
watei* and the oil separated. The oil is shaken 
with a strong aqueous,, solution of sodium 
carbonate, dried, and distilled. (See also 
Comptf rend. 1911, 152, 1671; and‘Eng. Pat. 
4669, where fusel oil, hydrochloric acia, and 
calcium acetate are used.) * 


The alooholic solution is largely used under 
the name of ‘Jargonelle Pear Essence,’ for 
flavouring confectionery. * Amyl aoefcate is an 
excellent solvent for gun-ootton, camphor, 
tannin, and resins, and is therefore greatly 
used in the celluloid and varnish industries. 
It is also used in the manufacture of smokeless 
powder and photographic films. It is recom¬ 
mended as a standard oil in photometry (J. 
Soc. Cliem. Ind. 1885,262). See a wo Acetic Aoid. 

Amyl Ether CcHu’O’CbHh. A colourless 
liquid possessing a pleasant pear-like smell; 
b.p. 172-5M73 0 ; D16°=0’7807. It is pre¬ 
pared by heating the alcohol to its boiling- 
point with 1/10 part of concentrated sul¬ 
phuric acid (1). It. P. 200150), or with 1/10 
part of amyl iodide in an autoclave at 250°. It 
is used as a solvent in the Grignard reaction, 
for fat extraction, for perfumes, alkaloids, in 
the varnish industry, and therapeutically. 

Amyl Formate C 6 H n 0-0O-H. A fragrant 
liquid of b.p. 123’3°; and D^ o =0’8944, pre- 

f tared from fusel oil and formic acid or from 
uscl oil, glycerol, and oxalic acid. It is used 
in tho synthetic fruit essence industry and in 
the laboratory in the preparation of oxymethy- 
lene derivatives. 

tZ-Amyl Mercaptan C 5 H n ’SH. A liquid of 
b.p. 119°-121°, was prepared in a state of purity 
from fusel bil by Vorocek and Vesely (Ber. 1914, 
47, 1515) and used to resolve racemic arabinose 
into its optically active components., 

Amyl Nitrite C&H, ,0*NO. A yellow neutral, 
or feebly acid liquid, possessing a fruity 
smell; b.p. 97°-99°; 1>1C°:=0’870-0’880. It 
bums with a brilliant flame. It should be 
kept protected from light, but in any case 
it is best either fresldy prepared or repeatedly 
fractionated before use. The vapour should 
not be inhaled. It is prepared by passing 
nitrous fumes into amyl alcohol kept at 70°-90° 
(Balard, Ann. China. Phys. [3J12, 318 ; Williams 
and Smith, Pharm. J. 1880, 499). Bouvoault 
and Wahl passed nitrosyl chloride into a dry 
mixture of pyridine and amyl alcohol (Compt. 
rend. 136, 1563). For a rapid method of pre¬ 
paration, involving sodium nitrite, see Ber. 
1880, 19, 915. 

Tho pure isoarayl nitrite has b.p. 97° and 
D 15°=0’880 (Dunstan and Williams, Pharm. J. 
1889, 487). 

It is used in the preparation of diazo and 
tsonitroso compounds or nitroso chlorides, and 
as the ‘ amylium nitrosum ’ of medicine for the 
treatment of epilepsy, asthma, angina pectoris, 
&c., Bince it reduces blood pressure ana retards 
the pulse. It is also used in the manufacture 
of sweets, perfumes, fruit essences, &c., in spite 
of its harmful effects. 

Tertiary amyl nitrite (CH 3 )-(C a H 6 ) , C’0 , N0 
(BertofiTs 4 Amylonitrous Ether 1 ) has been used 
as a substitute for ordinary amvl nitrite, its 
action being stronger in degree and more lasting. 
It is a yellow liquid of weak camphoraceous 
odour and peppermint taste; b.p. 93° (J. Soc. 
Chom. Ind. 1889, 1003). 

Amyl Salicylate C fi H n O’COC 8 H 4 ’OH (Amyl- 
enol) is a colourless refractive liquid of b.p. 
250° (with decomposition), and 115°/2 mm.; 
D 15°= 1 *065. It is produced by passing dry 
i hydrogen ohloride into a saturated solution oi 



AMYLENE. 211 


salicylic acid in amyl alcohol, and after some 
hours pouring into water and working up as 
usual. * 

It is used medicinally as an antirheumatic and 
in the perfume and fruit essence industry C. S. (3. 

AMYLACETIC ACID (Active) v . Heptoic 
acids. 

wo- AMYL ACETIC ACID v . Heptoic acids. 

«- and J8-AMYLAHS fi(C,H 10 O,) ? 

After first extracting oereals with strong 
alcohol, the aqueous extract contains gummy 
imorotatory colloidal carbohydrates, which 
are precipitated by strong alcohol. The product i 
bo obtained from barley is a mixture, part being 
soluble in cold water. The insoluble crumbly 
residue, amounting to 2 p.c. of the barley, is' 
a-amylan. It has [a]o~21*6, and does not 
reduce Fehling’s solution; it is gelatinised in 
hot water, ana yields viscous solutions even at 
1-2 p.c. concentration. O’Sullivan (Chem. Soc. 
Trans. 1882, 41, 24) found it to be present in j 
barley, oats, wheat, and rye, especially in thoj 
two first named. The soluble product 
amylan has [a]o—65°; it amounts to 0-3 p.c., | 
and is very similar to a-amylan in properties. ; 

O’Sullivan obtained from p-amylan, by} 
fractional precipitation with alcohol or on boiling 
with milk of lime, a similar eubstanco [a]n 
—-129-7°. This he regarded as a decomposition 
product, but this is probably not tbo ca*e. 
O’Sullivan states that the amylans yield glucose 
alone on hydrolysis. Lintncr and Diill (Zoifc. 
angew. Chem. 1891, 538) obtained galactose 
and xylose from barley gum. Wroblowski 
(Ber. 1893, 30, 2289) obtained arabinose. Lindet 
(Berlin Congress, 1903, 3, 498) isolated a doxtro. ' 
rotatory gum from barley, in addition to a{ 
lsevo-rotatory gum. 

Contrary to O’SulIivftn’s statement that- 
diastase is without aotion on apiylan, Horace 
Brown (Trans. Guinness Research Laboratory, 
1906, 317, where there is a full account of amylan) 
finds that when barley gum is steeped in malt 
extract it swells up and undergoes gradual 
liquefaction and solution, and in a few days 
its colloidal nature is lost. This is one of the 
most significant changes which mark the oon- 1 
version of barley into malt. 

To prepare ‘ amylans * in quantity, Brown 
boils the finely divided grain with water, treats 
with malt extract at 50°-55° for an hour to 
■liquefy the starch, boils again, and filters. The 
filtrate is concentrated in vacuum tosp.gr. 1-060, 
and three volumes 80 p.c. alcohol (by volume) 
added gradually. The crude amylans arc 
precipitated in large white flocks free from 
dextrin and have no cupric reducing power. Cor¬ 
rected for ash and nitrogen they amount on a 
number of dry barleys to*about 9-6 p.c., and 
have [a]D+62° to -f73°. This amount practi¬ 
cally accounts for the whole of the mining 
constituents of the soluble portion of barley 
after hydrolysis with malt extract. 

On hydrolysis about 60 p.c. of glucose is 
formed, together with arabinose, xylose, and 
an unknown substance of low angle and reducing 
power. 

The above dextrorotatory amylan repre¬ 
sents everything insoluble in 62 p.c. alcohol. By 
a .variation of the method of preparation a | 
carbohydrate [alp—100-34°, corresponding to 
Wroblewski’s araban, was obtained. * | 


It is obvious that the 'amyous’ require 
further investigation. According to O’Sullivan, 
it is probably owifig to the presenoe of amylan 
that unmalted barley oannot be satisfactorily 
employed in the preparation of beer. Malted 
grain does not contain it. Distillers using raw 
rain (oats and barley) have ^t times much 
ilfioulty in separating the wort (solution of 
sugars, &c.) from the grains (undissolved 
portion of the gram employed) in consequence 
of the presenco of amylan in quantity, the 
barleys and oats of Borne soasons containing 
much more of it than at other times. E. F. A. 

AMY L ARINE. 1 soamyltrinrethylammonium 
hydroxide. 

AMYLASE v. Diastasis ; also Enzymes. 

AMYLENE C 5 H 10 . Eight isomeric amylenes 
ore theoretically possible, and all have been pre¬ 
pared. These hydrocarbons have been chiefly 
studied by Flavitzky (Annalen, 179,340), Wysch- 
negradsky (Annalen, 190,336), and by Kondakolf 
(J. Russ. Rhys. Chem. Soc. 24, 381), and can be 
obtained by the action of alcoholic potash on 
tho various amyl iodides; or by the action of 
dehydrating agents such as sulphuric aoid or 
zinc chloride on amyl alcohol. They can often 
bo converted into one another by the action of 
hydriodic acid aiid tho subsequent removal of 
tho latter, thuB: 

Me 2 CH CH : CH,+ HI 

KOH 

—>Me i CHCHIMo -> MejC:CHMs 

+alcohol 

Tho amylene ordinarily met with is tri- 
mothylethylene, and is chiefly obtained by the 
dehydrating action of zinc chloride on fermenta¬ 
tion amyl alcohol. 

Preparation .—To prepare amylene, fermenta¬ 
tion amyl alcohol (1 part) is Hljiken with coarsely 
powdored zinc chloride (1| parts), allowed to 
remain for twenty-four hours, and then distilled. 
The product consists of a complex mixture of 
paraffins from C 5 H I2 to C )n H 2a with olefines 
from C 5 H 10 to C 10 ll au (Wurtz, J. 1863, 
507). These can be isolated by fractional dis¬ 
tillation (Wurtz), but according to Eltekow (J. 
Russ. Chem. Soc. 14, 379), amylene is most 
readily obtained if the product is well cooled, 
and shakon with dilute sulphuric acid (2 vols. of 
acid to 1 vol. of water), the acid layer separated, 
diluted with water, and distilled; the distillate 
copsists of amylene (tnmethylethylene) ana 
tertiary amyl alcohol, and the latter, on dis¬ 
tillation with sulphuric acid (1:1), yields pure 
trimethylethylene. Amylene may be satis- 
factorily obtained from commercial amyl alcohol 
under the following conditions: Amyl alcohol 
(l'5 litres) and concentrated sulphurio acid 
(100 o.c.) are heated to vigorous boiling under * 
reflux condenser in which the water is main¬ 
tained at such a temperature (60°-90°) as to 
allow a considerable amount of vapour to distil 
out of the apparatus; the top of the condenser 
is connected with a second, efficiently cooled 
condenser, attached so as to permit downward 
distillation. The heating requires a maximum 
time of about eight hours. At first, water and 
amyl alcohol pass over, whilst subsequently 
amylene distils. The distillate is washed with 
sodium hydroxide to remove sulphur dioxide 
and the amylene isolated by fractionation. It 
appears to coniiat of /8-methyl- A«- butylene and 
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8-methyl-AP-butylene containing only a negli¬ 
gible amount of 7 -methyl-Aa-butylene. The 
residue in the original flask contains amyl 
alcohol and tsoamyl ether, which are recovered 
by distillation with steam and subsequent 
fractionation. About 250 o.c. of amylene 400 
c.c. of t'aoamyl ether, and 500 c.c. of amyl 
alcohol are obtained from 1500 c.c. of the latter 
(Adams, Kamm, and Marvel, J. Amer. Chera. 
Soo. 1918, 40, 1950; Chem. Soc. Abstr. 1919, i. 
til). Larger amounts of amylene aro more 
conveniently obtained by the pyrogenic-catalytic 
method, using aluminium oxide aB catalyst 
at 600°-540°, 5sing a suitably electrically 
heated furnace (c/. Ipatieff, A bat. 1903, i. 
593). The yield of amylene is 70-80 p c. of 
the theoretical, and the product ia about 98-99 
p.c. pentene. The catalyst retains its actiuty 
for a long time. Puro trimethylethylene can 
be prepared by heating tertiary amyl iodide 
Me s CIEt with alcoholic potash (J. Russ. Phys. 
Chem. Soc. 17, 294). It can also bo formed by 
dropping tertiary amyl alcohol on to oxalic acid 
(D. R. P. 66800). 

Other methods for obtaining ordinary amyl¬ 
ene have been described by Balard (Ann. 
Chim. Phys. [3] 12, 320); Bauer (J. 1861, 659), 
and Linnomann (Annalen, 143, 350); Kondakoff 
( l.c .); Ipatioff (J. Russ. Phys. Chem. Soc. 30, 
292); Tornoo (Ber. 21, 1282); Blaise and 
Courlot (Bull. Soc. chim. 35, 682). 

Properties. —Amylene is a colourless liquid, 
b.p. 36°-38° and sp.gr. 0*6783 at 0° (Le Bel, 
Bull. Soc. chim. 25,547); b.p. 36*8° at 752*7 mm. 
(Schiff, Annalen, 223, 65). It combines directly 
with a large number of substances : with nitric 
peroxide (Guthrie, Chem. Soc. Trans. 13, 129; 
Wallach, Annalen,,241, 291 ; 248, 161 ; Miller, 
Chem. Soo. Proc. .3, 108; Demganoff, Chem. 
Zentji 1899, i. 1064); sulphur chloride and 
chlorine (Guthrie, Chem. Soc. Trans. 12, 112; 
13. 45, 129; 14, 136; Kondakoff, J. Russ. 
Phys. Chem. Soc. 20, 141; 24, 381; Ber. 
24, 029; Hell and Wfldermann, ibid. 216); with 
bromine (Wurtz, Ann. Chim. Phys. [3] 65, 458; 
Hell and Wildermann, l.c. ; Kondakoff, he.), and, 
when cautiously mixed with well-cooled sulphuric 
acid, sp.gr. 1*67 (2 vols. H 2 S0 4 to 1 vol. water), 
in a freezing mixture, is converted into dimethyl- 
ethvi carbinol, b.p. 101*6°-102°/762*2 mm., 
which has valuable hypnotic properties (J. Soc. 
Chem. Ind. 8 , 1002; 9, 650, 889), and can fre 
obtained, after neutralisation with sodium 
hydroxide ; on distillation (Flavitzky, 175, 157) 
with sulphuric acid, sp.gr. 1*545 (2 pts. by weight 
H a S0 4 to 1 pt. water), methyh'sopropyl carbinol 
is obtained (Osipoff, Ber. 8 , 542, 1240). Amy¬ 
lene formB compounds with metalho salts 
(Denig 6 s, Compt. rend. 126, 1146; Kondakoff, 
J. Russ. Phys. Chera. Soc. 25, 35). When 
heated to high temperatures, benzene, naphtha¬ 
lene, acetylene, methane, carbon, and hydrogen 
are produoed, the products depending on the 
temperature (Haber and Oechelhauser (Chem. 
Zentr. 1897, i. 225). The action of nitrosyl 
chloride on amylene has been studied by Tilden 
and Sudborough (Chem. Soc. Trans. 1893, 482). 

In addition to ordinary amylene, the following 
isotterides have been obtained :— Normal amyl- 
tnt, b.p. 39°-40° (Wurtz, Annalen, f23, 205; 127, 
55; 148, 131; Zeidler, Annalen, 197, 253; 
Kondakoff, J. Russ. Phys. CheA. Soc. 24, 113; 


Flavitzky and Wysohnegradsky, l.c.) ; isopropyl- 
ethylene, b.p. 21*L°-21*3° (Flavitzky and Wys- 
chnegradsky, be.; Kondakoff, l.c. ; Ipatieff, l.c.); 
symmetrical methyldhyldhylene, b,p. 36° at 
740*8 mm. (Wagner and Saytzew, Annalen, 175, 
373 ; 179, 302 ; Kondakoff, l.c .; Liseier, Bull. 
Soc. chim. 9, (3) 100); and unsymmetrical 
methylethylethylene, b.p. 31*-32°, sp.gr. 0-67 at 
0° (Wyschnegradsky, l.c .; Le Bel, Bull. Soc. 
chim. 25, 646 ; Kondakoff, l.c. 25,364); Methyl- 
Idramdhylene , b.p. 39°-42° (Coleman and Perkin, 
Chem. Soc. Trans. 1888, 201); penlamelhylenc, 
b.p. 35° (Gustavson and Demganoff, J. Russ. 
Phys. Chem. Soc. 21, 344; Markownikoff, Ber. 
30, 975; Young, Chem. Soc. Trans. 1898, 906; 
WislicenuB and Jlanschil, Annalen, 275, 327); 
and dimethyltrimdhylcne (Gustavson and Popper, 
J. pr. Chem. 166, 458). 

The action of hydrogen lodido on the amyl- 
enes has been investigated by Saytzew (Annalen, 
179, 126); whilst Zeidler (Annalen, 186, 245) has 
examined the products obtained when various 
amylcnes aro oxidised with potassium perman¬ 
ganate in acid, neutral and alkaline solution, 
with chromic acid, and with potassium dichrom¬ 
ate and sulphuric acid. The halogen derivatives 
of the various amylenes have been investigated 
(Lipp, Ber. 22, 2572; Hell and Wildermann, 
23, 3210 ; Ipatieff, J. pr. Chem. 161,' 257 ; Chem. 
Zentr. 1$98, ii. 472 ) Brocbot, Ann. Chim. Phys. 
1897, 10, 381 ; Wassiloef, Chem. Zentr. 1899, i. 
775; Froebe and Uochstetter, Monatsh. 23, 
1075; Kukuritschkin, J. Russ. Phys. Chem. 
Soc. 35, 873; Schmidt and Leipprand, Ber. 37, 
632 ; liamonet, Compt. rend. 138, 1609). Also 
the action of oxalio acid on various amylenes 
(Miklosbeffsky, J. Russ. Phys. Chera. Soo. 22, 
496), the nitrolammes (Wallach and Wohl, 
Annalen, 262, 324), and the nitrosites and 
nitrosates (Ipatieff, Chem. Zenti. 1899, ii. 178; 
Schmidt. Bor. 35, 2323, 2336, 3737 ; llantzsch, 
2978, 4120; Schmidt and Austin, Ber. 36, 
1768). 

The following polymerides of amylene have 
also been obtained, and can be prepared by 
heating ordinary amyl alcohol or amylene with 
zinc clilonde :—Diarnylene C 10 H 20 , b.p. 157°- 
157*5°/759 111 m. (Balard, Annalen, 52, 316; 
Schneider. Annalen, 157, 207; Bauer, Jahres- 
boricht. 1861, 660; Kondakoff, J. pr. Chem. 
162, 442; Gasselin, Ann. Chim. Phys. 1894, 3, 
5); triamylene C 15 H 30 (Bauer, l.c.; Gasselin, 
l.c.); and lelramylene C 2 „H 40 (Bauer, l.c.). Also 
derivatives of diarnylene (Scnindelmeister, Chem. 
Zentr. 1896, ii. 354). 

AMYLOCARBOL. Trade name for a dis¬ 
infectant, said to consist of carbolic acid 9 parts, 
amyl alcohol 160 parts, green soap 150 parts, 
water 690 parts. * 

AMYLOCOGULASE v. Enzymes, art. FER¬ 
MENTATION. 

AMYLOFORM. An antiseptic prepared by 
the action of formic aldehyde upon starch 
(Claassen, Pharm. Zeit. 41, 625) (v. Synthetic 
drugs). 

AMYRIN v. Oleo-rksins. 

ANACAHU1TA. A wood of unknown botani¬ 
cal origin imported from Mexico ; its prepara¬ 
tions are said to be useful in pulmonary disorders. 
The wood contains a volatile oil, an iron-greening 
tannin, gallic acid, a yellowish resin, sugar, a 
tasteless volatile body crystallising in warty 
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masses, and a bitter substance crystallising in 
white needles (J. 1861, 771). 

ANACARDIUM NUt (Cashew Nut, Kajoo) 
is the fruit of Anacardium occidenlale (Linn.), a 
tree indigenous to Brazil, Central America, and 
the West Indies. It has been transplanted to, 
and become naturalised in, many parts of India. 
The fruit rests on a fleshy edible peduncle, from 
which a spirit is distilled in Mozambique and in 
Western India. The nut is edible after it has 
been roasted to expel the cardol winch it con¬ 
tains ; the cardol thus obtainod is used at Goa 
for tarring boats, and as a preservative of wood¬ 
work (Dyrnock, Pliarm. J. |3] 7, 730). In 
addition to cardol, the nuts contain anacardic 
acid, and an oily matter which, by exposure to 
the'air on linen, gives a brown stain, which is 
very permanent, but does not become black. 
It has been recommended as a marking ink, 
and is used for giving a black colour to candles 
(Bdttger, Dingl. poly. J. 205, 490). From the 
stem of the plant a gum exudes which is said 
to be used by book-binders m South America. 

The kernels contain 47 2 p.c. of a fatty oil, 
having the following characteristics :—Saponifi¬ 
cation value, 187; iodine value, 77-83*6; 
refraction in Zeiss' butyro-refractometer at 25°, 
58*1-58*8 (Theopold, l’harm. Zeit. 1909, 1057). 

J. L. 

ANACARDIUM ORIENTALE (the ‘parking 
nut tree ’) grows m the hotter parts of India, 
the West Indies, and in Northern Australia. 
It is now termed Snmrarpus anacardium. 
As met with in commerce the nut is a 
black oval substance, from which, when cut, a 
black viscid juice exudes. This produces a 
light brown stain on linen, but gradually darkens 
on exposure to the air, and then resists the action 
of acids, alkalis, and chlorme. Tho native 
method of preparing marking ink, is to express 
the juice from the unripe fruit and to mix it 
with quicklime. The dried juice is also used 
in tho preparation of a black varnish. 

Kindt (Dingl. poly. J. 1859, 165, 158) pre¬ 
pared a marking ink from the nut by extracting 
it with a mixture of alcohol and other, and 
evaporating the extract. This ink produced 
characters which, when moistened witli a lime 
water or alkali solution, became black, and 
were then not completely removed when boiled 
with hydrochloric acid and potassium chlorate. 

C. A. M. 

ANAESTHETICS. There are two principal 
types of anesthesia, or loss of sensation sufficient 
to allow of surgical operations without pain. 
In general anesthesia, total or partial insensibility 
and loss of muscular powor are produced by the 
action of drugs on the bi^in, carried there in 
the circulation; extensive operations on any 
part of the body can then be done. In regional 
anesthesia, insensibility to pain, with or without 
muscular paralysis, is produced by the action 
of anaesthetic drugs on the part where operation 
is contemplated. Regional anaesthesia oan be 
produced (a) by the infiltration of the actual 
tissues to be lacerated with some substance 
which paralyses the endings of the nerves that 
convey painful sensations; (b) by a similar 
infiltration of the large or small nerve trunks 
supplying the field of operation; (c) by the 
injection into the spinal theca in the vertebral 
canal of a substance which paralyses the nerves, 
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both sensory and motor, at their entrances into 
or exits from the spinal cord; (a) and ( 6 ) are 
usually classified together as local anesthesia, 
while (c) is spoken of as spinal anesthesia, 
which resembles general anesthesia inasmuch 
as it causes loss of sensation and musoylar 
power together over a wide region, and local 
anesthesia in that consciousness is not lost and 
tho anesthetic is not diffused in the circulation. 

Local anaesthetics. Very little is known of 
tho action of theso on the tissues with which 
they come in contact. They aro all protoplasmic 
poisons which have a special preferential action 
upon nervous structures. Thos 8 in common use 
aro: cocaine (methyl - benzoyl - eegonine : 

C 17 H 21 N() 4 ) ; stovaine (hydrochloride of ethyl- 
dimethyl - amino - propinol benzoato); novocain 
(p-amido- benzoyl-diethyl-^raino-ethenol - hydro¬ 
chloride) ; tropacocain© (bcnzoyl-pseudo-trope- 
ino-hydrochlondo); 3 -eucaine (benzoyl-vinyl- 
diacetone-alkamme); /3-eucaine lactate ; alypin 
(hydrochloride of benzoyl-totramethyl-diaraino- 
ethyl-dimethyl-carbmol); quinine and urea 
hydrochloride; nirvanine (hydrochloride of 
diethyl - glycoll - p - amido - ortnohydrobenzoio - 
methyl-ester); holocame (hydrochlorido of p- 
diethoxyethonyl-djphenyl-amidine); acoine (di- 
p-anisyl-mono-phenethyl-guanidine hydrochlo¬ 
ride) ; orthoform (methyl-p-amino-meta-oxy- 
benzoate); amesthone or an aesthesin (ethyl ester 
of p-aminobonzoic acid); apothesine (cinnamic 
ester oi 7 -d iothyl-amino-alcohol hydrochloride ). 1 

Braun has formulated postulates for apprais¬ 
ing local anaesthetics. Omitting one which has 
not secured general assent, they are *. 

(1) Low toxicity in proportion to local 
anaesthetising power. 

(2) Solubility in water to 2 p.c. at least; and 
stability of the solution, which should keep 
without deteriorating and be capable of sterilisa¬ 
tion by boiling. 

(3) Non-irritability to the tissues, and 
freedom from after-effects when absorbed into 
the circulation. 

(4) Compatibility with suprarenal extract. 

Acoine, holocaine hydrochloride, anaesthe- 

sine, and orthoform are moro or less insoluble. 
Cocaine and eucaine are not soluble in water; 
but their salts, and the other drugs in the above 
list, are freely soluble and wjll keep without 
deteriorating. Cocaine solutions cannot be 
boiled, but stovaine, novocain, /3-eucaine lactate, 
tropacocaine, alypin, and nirvanine can be thus 
sterilised, at 116° if necessary. 

The most powerful anesthetic action is that 
of stovaine. Next are cocaine, novocain, 
tropacocaine, alypin, and 3 -eucaine lactate, 
which are all about equal. The others have 
inferior actions in this respect. Experiments 
on mice and rabbits have resulted in tho following 
table of relative toxicity, cocaine being taken as 
the unit a:— 

Alypin, 1*25 Stovaine, 0*625 

Cocaine, 1*00 Novocain, 0*490 

Nirvanine, 0*714 3 -eucaine lactate, 0’414 

The irritant action of stovaine, tropacocaine, 
and 3 -eucaine lactate i% greater than that of 
cocaine; that of novocain is leas. All these five 
are compatifiie with suprarenal extract if the 

* Sir F. W. Hewitt and Dr. Henry Bobinson’s 
Anaesthetics and their Administration, 6th edit. 

a Le Brooq, Pharm. J. WOO. 674. 
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■elutions are fresh mixed for each case. They 
are extensively employed; but novocain is 
evidently the best yet discovered for routine 
use. 

Local anaesthetics are used dissolved in 
water or in normal saline solution. It is%ot 
essential that they should be injected subcutane¬ 
ously ; where the surface tissues are delicate, as 
on the eye, larynx, tongue, tonsils, simple 
contact with a local anaesthetic in solution or m 
fino powder will destroy sensation sufficiently 
for many surgical piocedures. But elsewhere 
the solution is injected with a hypodermic 
syringe into the tissues which are to be rendered 
anaesthetic. If suprarenal extract bo mixed 
with tho anaesthetic solution, contraction of all 
the minute blood-vessels in the locality tabes 
place. Thus the drug is retained longer in the 
tissues about the site of injection, instead of 
being rapidly dissipated in the lymph-stream. 
Consequently a more intense and lasting, because 
more strictly local, action occurs. The presence 
of 0 4 p.c. of potassium sulphate also intensifies 
the action of some local anesthetics, especially 
of novocain. 

Local anesthesia can also be obtained by 
freezing the superficial tissues. A fipe jet of 
ether or ethyl chloride is directed on to the 
desired portion of the skin, and when the latter 
is frozen a cut can be made, as for a whitlow, 
boil, or other small abscess, without causing 
pain. 

Spinal anaesthetics. Some of the same drugs 
which cause local anaesthesia are available for 
injection into the cercbro-spinal fluid with which 
tho spinal cord is surrounded in the vertebral 
canal. Stovaine is most used in Britain, but 
novocain and tronacocaine also are popular in 
Europe. The method was introduced Dy Bier 
in Germany in 1899, and since 1907 has been 
very extensively tried all over the world. The 
balance of opinion is that for ordinary cases 
spinal anesthesia is too dangerous to replace 
general anesthesia; but that for certain cases 
where the latter entails especial risks, it is of 
undoubted utility. Barker 1 and McGavin, 2 
who are tho most prominent advocates of spinal 
anesthesia in England, use a solution of stovaine 
in 6 p.c. glucose. Of late years solutions which 
are as light as the cerebro-spinal fluid (sp.gr. 1 *006 
toT,'007) have been extensively used, m place of 
the heavy glucose solutions. Many ana'sthefcists 
use morphine with or without scopolamine 
(hyoscine) as a preliminary, injected hypodermi¬ 
cally. 

General anaesthetics. There are many sub¬ 
stances which diminish or abolish the perception 
of pain ; but only a few of these are freely used 
as general anesthetics. The conditions which 
must be fulfilled to obtain admission to the list 
are *: 

(1) To produce absolute insensibility to pain 
without causing any great discomfort during 
induction. 

(2) To produce loss of all voluntary and many 
reflex movements. 

(3) To be capable of being readily introduced 

• 

** British Medical Journal, 1908, il 463 (and other 
papers). * 

2 Clinical Journal, March, 1914. 

^ 3 E. W. Collum, The Practice of ^nwsthetlcs, 1909. 


into tho system, and rapidly eliminated, alter 
the completion of the operation, without injury 
to the patient. 

(4) To act in a regular and constant way, so 
that the effects can be controlled by the adminis¬ 
trator. 

The general anaesthetics in use in Great 
Britain are four in number : nitrous oxide, ethyl 
chloride, ether, chloroform. Ethyl bromide, 
ethideno dichlorido (dichlorethane), bichloride 
of methylene, and amylono (penial) are obsolete. 
Hcdonal (methyl-propyl-carbinol-urethane) and 
urethane itself have also been used as general 
unasthetics, by direct injection ir. solution in 
normal salmo into the blood stream. 1 In 
America and on the Continent anaesthol, somno- 
form, and uarcotile are also tun ployed. Ansesthol 
is a mixture of chloroform, ether, and ethyl 
chloride, in molecular proportions; somnoform 
is ethyl chloride 60 parts, methyl chloride 
35 parts, ethyl bromide 5 parts ; narcotile has 
been stated to bo a compound, but analysis has 
shown it to be a mixture of methyl chloride, 
ethyl chloride, and ether. Mixtures of ether 
and chloroform in various proportions are in 
common use everywhere. Morphine, chloral, 
cannabis indica, and many other drugs have 
analgesio and anaesthetic properties ; some of 
them, morphine especially, are used to assist 
the action of the volatile anaesthetics. 

The effects of a general anaesthetic are pro¬ 
duced by the circulation in the blood of the 
drug employed. When it reaches the brain the 
phenomena of anaesthesia are exhibited : at first 
slightly, then with increasing doses mpre and 
more intensely, until with a sufficient quantity 
death results. The phenomena of general 
anaesthesia are tho same whether absorption 
takes place through tho lungs, rectum, skin, 
blood stream, or gastro-intestinal tract. Thus 
alcohol has a marked anesthetic effect, familiar 
in the indifference of a drunken man to injury. 

Tho easiest way of introducing into the blood 
any substance which is a gas or a volatile liquid 
is by moans of the lungs. The blood thus 
charged with an anaesthetic is rapidly delivered 
to the nervous centres, in which the essential 
changes of general anaesthesia take place. The 
absorption of vapours in the lungs varies with 
numerous factors: barometric pressure, tem¬ 
perature of the vapour and of the blood, rate of 
respiration, and rate of blood-flow through the 
pulmonary system. But the process is also 
something more than simple solution by diffusion 
of gases through a thin membrane; there is at 
least an element which depends on the fact that 
the tissues concerned are living. 

Tho lungs are abo the chief, but not the 
only, medium for tne elimination of inhaled 
anaesthetics. These are but little decomposed 
durbg their tour of the circulation, ana the 
greater part is discharged unchanged after the 
administration is suspended. What change 
they undergo in tho blood is very uncertain. 
Chloroform, which has hitherto received more 
•rttention in this respect than the others, is 
recoverable from the blood in fatal oases of 
chloroform anaesthesia, but it is believed that 
most of it circulates in the red corpuscles of the 
blood in combination with the lecithin and 

i Lancet March 23, 1912; and Blit. Med. Join. 
June i6.1912. 
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oholesterin which they contain. 1 Glycuronic 
acid not uncommonly Appears in the urine after 
chloroform anaesthesia. Nitrogen and sulphur 
are also excreted in the urine in greater quantity, 
indicating a greater destruction of proteid ; and 
the increase of chlorides is held to show that 
gome chloroform is decomposed in the body. 
The affinity of cholesteric and lecithin for chloro¬ 
form, chloral, ether, sul phonal, tetronal, trional, 
and chloralamide has been suggested as the 
explanation for the selective action of these 
narcotics on the central nervous system, which 
contains a larger proportion of cholosterin and 
lecithin than do the other organs. With regard 
to ether, Turnbull states that etherisation 
produces a marked diminution of tho haemoglobin 
of the blood L '; and Reioher finds three times 
the normal quantity of fat present in the blood, 
together with an increased amount of acetone, 
due to the disintegration of fat and albuminoid 
bodies. 3 The chemical composition of the blood 
is often much modified during anaesthesia, be¬ 
cause the air supply to the lungs is frequently 
curtailed to a greater or less extent, and the 
elimination -of CO s hindered. The proportions 
of 0 and C0 2 in the circulating blood may thus 
be altered at the expense of the former, and an 
asphyxial element added to the nareotio effect 
of the anaesthetic. Some authorities believe 
that deprivation of oxyger* is the m^hod by 
which all anaesthetics produce their action on 
the nervous tissues. 

The oheraical changes which may be assumed 
to take place in the brain during anfesthesia are 
unknown, as indeed are those of natural sleep 
It has been suggested that unstable compounds 
are formed between the anaesthetio and the 
protoplasm of the nerve cells, and some ob¬ 
servers describe changes recognisable micro¬ 
scopically in those cells as a result of anaesthesia. 
Professor Hans Meyer holds that there is a loose 
phyaioo-chemical combination with the lipoids of 
the cell. This causes inhibition of the normal 
metabolism until the loose reversible combina¬ 
tion breaks up. A rare sequel of chloroform 
anaesthesia is known as delayed chloroform 
poisoning. The symptoms of this condition, 
which is sometimes fatal, arise about eighteen 
to seventy-two hours after the anaesthesia. They 
are attributed to 4 acidosis,’ that is to diminished 
alkalinity of the blood due to the presence of 
acetone and aceto-acetic acid, which can be 
deteoted in the urine and tho breath. For the 
developed condition sodium bioarbonate in large 
doses is employed ; as a preventive measure 
feeding on glucose for a day or two before 
operation is found to answer best. Very rarely 
indeed this acidosis has {pilowed the adminis¬ 
tration of ether. 

Nitrous oxide (Laughing gas).—The inhala¬ 
tion of from three or four to twenty or tjiirty 
gallons of this gas without any air produces 
anesthesia. If the administration is then sus¬ 
pended, insensibility lasts on an average about 
thirty to forty-five seconds, during whioh time 
minor operations such as the extraction of teeth 
can be undertaken. A marked asphyxial de¬ 
ment is nearly always present, owing to the 

* Hale White, Materia Medics, 11th ed. 1900. 280. 

* Laurence Turnbull, Artificial Amesthesla, 223. 

* Eelcher, Lancet, Jan. 25,1908. 268. 


replacement of oxygen by N a O Tf air be 
admitted for brief periods between sucoewive 
doses of gaB, anaesthesia can be maintained 
without great difficulty for several minutes. By 
delivering nitrous oxide mixed with pure oxygen 
for ^halation, anaesthesia can be prolonged for 
any desired period. Tho proportions of the two 
gases are varied to meet the requirements of 
individual cases, but roughly the mixture must 
contain about 80 p.c. by volume of N a O. This 
method is well suited for operations on the 
limbs, but for abdominal operations it is difficult 
to got the complete muscular relaxation neces¬ 
sary. Nitrous oxide gas is the safest known 
general anaesthetic, and recovery takes place 
very rapidly (two or three minutes) without 
unpleasant after-effects. Nitrous oxide for 
anresthetic purposes should be entirely free 
from other oxides of nitrd^en. and from chlorine; 
small quantities of H s O, O, and N are usually 
present as impurities, and are of no moment. 

Ethyl chloride .—The vapour of 3 to 5 c.c. of 
this substance allowed to volatilise in a olosed 
chamber, such as a rubber bag, into which an 
adult patient exspires and from which he inspires, 
produces amestheSia very rapidly. If adminis¬ 
tration is then suspended, insensibility lasts 
from one to two" minutes. By administering a 
further dose before recovery takes place from 
the first one, anesthesia can be prolonged; it 
is preferable, however, to give ether or chloro¬ 
form or nitrous oxide and oxygen if a longer 
anesthesia is required. The after-effects of ethyl 
chloride arc intermediate between those of 
nitrous oxide and those of ether and chloroform. 
Ethyl chloride given by an expert is safer than 
either of the latter, but not so safe as nitrous 
oxide. No impuritios can be tolerated in ethyl 
chloride for use as a general’anesthetic ; there 
is no difficulty in securing complete purity. 

Ether .—About 30 p.c. of air ana 70 jfc. of 
ethereal vapour will produce and maintain 
general anesthesia. The vapour is so intensely 
irritating to the mucous membrane which lines 
the mouth, nose, and air-passages, that it must 
first be offered very dt^ite, and then in a 
gradually increasing percentage. Limitation of 
air supply renders it possible to procure anaes¬ 
thesia with a much smaller quantity of ether 
than when fresh air is freely admitted, for a 
slight concurrent asphyxia helps the action of 
the ether. Suoh asphyxiation has disadvantages 
of its own if allowed to exceed a very moderate 
degree; it is usually present during anaesthesia 
under ether by the ‘ closed ’ methods. There is 
slightly more difficulty in producing anaesthesia 
by the ‘open’ method, in which air enters 
freely ; the preliminary injection of small doses 
of morphine (£ to $ grain) with atropine ($ 
to yfrp grain) is often practised. Ether is much 
less dangerous to life than chloroform in the 
operating room ; but part of this advantage is 
counterbalanced by the occasional development 
of bronchitis and broncho-pneumonia afterwards. 
Ether for anesthetic purposes should have a 
sp.gr. between 0*720 and 0*722. Provided 
impurities have been removed, it is of no signi¬ 
ficance whether rectified spirit or methylated 
spirit is use(| in the manufacture. 

Chloroform .—Much research has been carried 
out to determine the percentage of chloroform 
necessary to produce anaesthesia by inhalation. 
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Vernon H&rcourt introduced early this century 
a chloroform inhaler capable of regulating this 
proportion up to 2 p.c. Experience showed that 
m occasional cases it is very difficult or impos¬ 
sible to induoe anaesthesia with this amount^nd 
a modification of tho instrument allows air to be 
inspired containing 3 p.c. In practically every 
case anesthesia, when fully established, can be 
maintained with a 2 p.c. vapour. Alcock, who 
has investigated the dosage of chloroform very 
carefully, finds 1 that for an ordinary adult it 
suffices "to offer a'percentage rising gradually 
to 2^ in three minutes ; this as a rule produces 
complete surgical anesthesia in eight or ten 
minutes. If a higher proportion is necessary, 
3 p.c. may be allowed at the end of five minutes. 
He finds that within a few minutes after in¬ 
duction is complete l/> p.c., and after half an 
hour 1 p.c., will usually be enough. Several 
physiologists have estimated the amount of 
chloroform in the circulating blood during 
anaesthesia: their results vary from 0 035 to 
0‘07 p.c. Chloroform is the least safe of these 
four anaesthetics, especially in the hands of 
those whose experience as anaesthetists is 
small. Chloroform for anesthetic purposes is 
found to keep better if it contains 0'2 to 0*5 p.c. 
of alcohol or of ethyl chloride. No other 
impurities aro tolerable. It is also less liable to 
decomposition if kept in the dark. There are 
three commercial processes of manufacture,based 
respectively upon rectified spirit, methylated 
spirit, and acetone ; there is no difference !>o 
tween the actions of the resulting chloroforms, 
provided they are duly purified. H. R. 

ANESTHESINE. Trade nape for ethyl 

p-amino-benzoate NH,<^ \COOC a H 6 . 

ANAGYRINE w Cyti^ne. 

ANALUTOS or KALMOPYRIN. Trade names 
for oaloium acetyl salicylate. 

ANALGESINE. Identical with antipyrine 
( g.v.). 

ANALYSIS. Chemical analysis is the separa¬ 
tion of a complex material into simplor con¬ 
stituents. It is ultimate when these component 
parts are elementary forms of flatter, and 
proximate when the subdivision consists only 
in the separation of the original substance 
into.les8 complicated compounds. The aim of 
chemical analysis is twofold: the first object 
is to ascertain the nature of the compo¬ 
nents of a mixture or complex substance; 
the second is to determine the proportions in 
which these constituents are present. All 
analytical qperations may therefore be classified 
under the two main categories of qualitative and 
quantitative analysis, according as to whether 
these processes lead to the identification of the 
proximate or ultimate constituents of a complex 
substance, or to the determination of the relative 
proportions in which these constituents are 
present. 

This article is written primarily from the 
teohnioal point of view, and accordingly the 
descriptions given in tho qualitative section are 
restricted mainly to thqse elements which find 
application in tho arts and industries. Simi¬ 
larly, the estimations and separations outlined 

1 N H. Aloock, British Medlrnl Journal, Feb. 6, 
190 », 826 . 


in the quantitative section are chiefly those 
required m the analysis qf technically important 
materials. 

The systematic investigation of the individual 
elements and their typical compounds has 
revealed the existence of many characteristic 
reactions which are exhibited by certain elements 
and compounds under widely varying conditions 
of combination or association. This circum¬ 
stance leads to a simplification which is utilised 
extensively in both qualitative and quantitative 
analysis. In qualitative work, such charac¬ 
teristic reactions as arc not generally interfered 
with by other substances enable tho analyst to 
detect the presence of certain elementary or 
compound substances without undertaking tho 
more laborious processes involved in isolating 
these constituents from the other ingredients of 
a mixture. 

In quantitative analysis two essentially 
different methods of procedure are em¬ 
ployed, the more fundamental one being gravi- 
meiric analysis, in which tho elementary' or 
complex constituent of a mixture is isolated 
and weighed in the form of a definite compound. 
By utilising quantitatively tho above-mentioned 
distinctive reactions it is frequently possible to 
adopt the second procedure known as volumetric 
analysis, in which the relative amount of a certain 
constituent is estimated in the presence of other 
elements and compounds associated with this 
constituent in tho mixture under examination. 

For the purposes of scientific investigation 
the most accurate methods are essential, and 
these are, in the main, gravimetric in cha¬ 
racter ; but for technical requirements extreme 
accuracy is rarely required, and rapid methods 
giving approximately correct results are pre¬ 
ferred to more exact processes involving a 
longer time for their execution. It is in this 
direction that volumetric analysis has been most 
exlonsively developed, the general tendency in 
industrial laboratories being to replace gravi¬ 
metric methods by quicker volumetrio processes 
with very little loss in accuracy, provided 
that certain essential conditions bo fulfilled. 

General Operations. 

Sampling .—It is of the highest importance 
that the sample under examination should be 
truly representative of the bulk of the substance. 
Discrepancies between the results of different 
analysts are usually attributed to faulty 
methods or inaccurate work, but in many cases 
they are really due to imperfect sampling. If 
the substance is a liquid, the contents of the 
vessel should be thoroughly mixed before the 
sample is withdrawn.* If the substance is con¬ 
tained in several vessels, a proportional quantity 
should be taken from each, the different portions 
mixeB together, and the final sample taken from 
the mixture. 

In the case of solid products care must be 
taken to secure a proper proportion of large and 
small, hard and soft fragments. If a ship’s 
oargo is to be sampled, portions should be 
taken from different parts of the bulk; if the 
substance is contained in railway trucks, por¬ 
tions should be taken from the ends and middle 
of each truck. When the substance is in bags 
or barrels, a long hollow auger is thrust to the 
bottom of each and then withdrawn, bringing 
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with it ft long core of the substance. If the 
material loses or gains moisture, or ^undergoea 
any other change on exposure to air, as in the 
case of soap or oaustic soda, a proper proportion 
of the internal and external portions must bo 
taken. In all oases the first samples are broken 
into small pieoes, thoroughly mixed, and one- 
fourth taken for further treatment. This is 
ground to powder, a^ain thoroughly mixed, and 
one-fourth taken. The subdivision is repeated, 
if necessary, and the final sample kept m well- 
closed bottles. This process of ' quartering ’ 
may also bo effected by spreading out the finely 
powdered material in the form of a flattened 
cylinder dividing this radially into four parts, 
taking out the opposite sectors, mixing these 
thoroughly, and repeating the subdivision. 

If the mixture is soft and friable, pulverisa¬ 
tion is readily effected in a porcelain or earthen¬ 
ware mortar, but harder substances should be 
powdered in a cast-iron or steel 
mortar. When the substance is 
hard, and a very fine powder is 
required, an agate mortar should 
be used for the final operation, so 
that the powder may be completely 
sifted through fine muslin. Very 
hard subStances, such as minerals, 
are first broken into small pieces 
bv wrapping them in papw and 
striking with a hammer, and are 
then further crushed in a steel 
mortar (Fig. 1) consisting of a strong 
base with a circular recess into which 
fits a movable steel ring or guard, 
and inside this is a solid steel 
piston which acts as a pestle. A 
small quantity of the mineral is placed on the 
base of the mortar inside the guard-ring, the 
latter is held firmly down, and the piston is 
placed inside and struck smartly with a hammer, 
which drives it down upon the mineral. The 
final crushing is done in an agate mortar. 

The mechanical ore-grinder described 
Hillebrand’s Analysis of Silicate and Carbonate 
Hocks, may likewise be employed in reducing 
hard minerals to a fine powder. 

Drying .—Many substances absorb more or 
less moisture when exposed to the air, and in 
order to bring them into a definite condition for 
analysis, it is desirable that they should be dried, 
this operation being conducted at the ordinary 
ot at a higher temporature. according to circum¬ 
stances. Substances which contain water in 
combination are usually dried by exposuro to air 
or by pressure between folds of filter paper. In 
other cases where a higher temperature would 
be injurious the substance^may be placed under 
a bell-jar which also incloses a dish containing 
sulphuric acid. The operation proceeds more 
quickly if the bell-jar is connected with ai^ air- 
pump and thus rendered vacuous. 

Substanoes which do not decompose at 100° 
are best dried in a copper oven provided with a 
jacket containing water which is heated to 
boiling, the water level being kept constant by 
means of an overflow a and feeding arrangement 
at the side. The inside of the oven is fitted 
with a perforated shelf which support® dishes, 
funnels, &c. (Fig. 2). 

When the substance is sufficiently stablo it 
is advisable to dry at 115°-120°, since an increase 


of 10° or 20° often greatly reduce* the time re¬ 
quired. For this purpose we use a copper oven 
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without a jacket, heated by a lamp underneath ; 
or toluene, boiling at 110®, may bo UBed instead 
of water in the oven with a jacket; crude 
xylone will give a higher temperature (129°). 
Inside the oven at a little distance from the 
bottom is a shelf which supports the vessel 
containing the substance. At the top of the 
oven aro twef apertures, one of which serves, 
to promote a current of air through t-ho oven, 
whilst the other carries a thermometer the bulb 
of which is close beside the vessel which is being 
heated ( rf . Huntly and Coste, *T. Soc. Obem. 
Jnd. 1913, 32, 02). 

it it is desired to keep the temperature con¬ 
stant for a long time, the oven must be provided 
with a thermoregulator (v. Thermoregtjlatobs). 

Weighing.— -The* balance and the precautions 
to be observed in weighing form the subjeot of a 
special article (v . Balance). As a rule, sub¬ 
stances taken for analysis should be weighed 
from tubes provided with well-fitting stoppers or 
corks, or from weighing bottles fitted with glass 
capsule stoppers, the difference between the 
weight of the tuba or bottle bofore and after 
the removal of the substance giving the weight 
taken for analysis. The quantity required for 
an analysis will depend upon circumstances. 
When constituents present in minute quantity 
have to be estimated, a relatively large amount 
of the substance is required, but for tne estima¬ 
tion of one or two constituents from 1 to 2 grama 
of the substance is usually sufficient. The 
smaller the quantity of matter operated upon, 
the shorter the time required for filtration, 
washing, but also the greater the demands 
on the skill and acouracy of the operator. 

Hygroscopic substances and precipitates must 
be kept under a desiccator (q,v.)> ».e. a glass diah 
containing sulphuric acid or calcium chloride, 
fitted with a tray to support a oruoible, &c., and 
provided with an air-tight glass cover, preferably 
bell-shaped. Crucibles containing non-hygro- 
soopic precipitates may be allowed to oool with 
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exposure to air, prodded that the empty crucibles 
were allowed to cool under the same conditions 
before weighing. 

8dution .—The solution of a substance is 
most conveniently effected in flasks or in some¬ 
what deep bonkers which arc inclined at an 
angle in orderjio prevent possible loss by spurt¬ 
ing. The operation may be accelerated by heat, 
and the reagent should be used in the most 
concentrated form possible and in the least pos¬ 
sible excess, in order to avoid loss of time in 
evaporation, &c. Evaporation to expel excess 
of solvent should, where possible, be conducted 
in the same vessel. 

Evaporation .—Tho evaporation of a liquid 
may be effected over an ordinary bunsen flame, 
or over a rose burner, care being taken that tho 
liquid does not boil. If the operation is con¬ 
ducted in a flask or crucible, the latter should be 
inclined in order to prevent loss by ebullition, 
and the operation is aecelerated in the first case 



by drawing a current of air through the flask, in 
the second by inclining the lid of the crucible 
(Pig. 3) across the mouth of the vessel and thus 
producing a circulation. The rate of evapora¬ 
tion, coder is paribus , depends on the aroa of 
surfaoe exposed, and hence the operation is 
effected most quickly in shallow dishes, especially 
if a current of air removes the vapour as fast 
as it is given off. During the process the 
contents of the dish should be protected from 
dust, &o M and this is really done by supporting 
at" a distance of about six inches above the 
surface of the dish a triangle of glass rod or 
tubing on which is strotchod a sheet of filter 
paper freed from soluble compounds by treat¬ 
ment with acid. When evaporation over a 
direct flame is impracticable, the dishes, &c., 
should be placed on » water-bath, that is, a 
warn) containing boiling water, in such a way 
^at they arc heated by the steam. The top of 
the water drying-oven already described (Fig. 2) 
may be provided with a series of Tings of various 


sfeeB and thuf serves two purposes. Ordinary 
tin oans or copper vessels of similar shape will 
answer, but in all oase^it is desirable to have 
an arrangement for keeping the water at a coft«- 
stant level. 

Precipitation is conducted in beakers, dishes, 
or conical flasks, but not in ordinary round 
flasks because of the difficulty of removing the 
precipitate. Glass vessels, especially when new, 
are appreciably attacked and dissolved by water, 
and still more strongly by alkaline solutions, 
the action increasing with the oonoentration of 
the solution and tho duration of contact. For 
quantitative work Jena glass vessel should- be 
used, as these are least affected by alkalis. 
Acid liquids, with the exception of dilute sul¬ 
phuric acid, have less solvent action. Porcelain 
vessels, especially after they have been used for 
a short time, are not appreciably attacked 
(Freoenius’s Quant. Anal.). All precipitations 
involving long heating with alkaline liquids 
! should bo conducted in porcelain vessels or in 
platinum, silver, or-nickel dishes. Silica-ware 
vessels can be used with all acid liquids except¬ 
ing those evolving hydrogen fluoride (Zeitsch. 
anorg. Ohem. 1905, 44, 221). 

Unless circumstances forbid, the liquid and 
the reagent should be heated to boiling and 
mixed gradually with continual agitation, since 
under t^ose conditions precipitation as a rule is 
more rapid and complete, and the precipitate 
is obtained in a dense and granular form and 
1 is readily separated and washed. Usually filtra¬ 
tion may be commenced as soon as the super* 

I natant liquid is clear, or at any rate after two 
or three hours. An unnecessary excess-of reagent 
should always be avoided, but in all cases com¬ 
plete precipitation should be proved by adding 
a small quantity of the reagent to the clear 
liquid. 

Filtration .—The separation of a precipitate 
I from a liquid is usually effected by means of a 
j specially prepared variety of blotting paper, 

| known as filter paper. The Swedish paper 
j made by J. Munktell lias the oldest reputation, 
but that known as Whatman paper, made by 
1 W. & R. Ralston/Ltd., is ot excellent quality, 
and for many purposes answers better. The 
I latter firm supply paper which has been treated 
with hydrochloric and hydrofluoric acids, and thus 
freed from almost all inorganic matter. It is de- 
sira file that all paper used in quantitative work 
should be free from soluble compounds, and this 
end is secured by soaking the ordinary filter 
paper for three or four hours in pure hydro¬ 
chloric acid diluted with 16-20 times its volume 
i of water, and then washing thoroughly to remove 
all traces of aeid anc^ soluble salts. The paper 
is conveniently kept in circular pieces of known 
radii (2, 4, 6, 0, 8 cm.), and tho ash loft by each 
sizo should be determined once for all by in¬ 
cinerating six filters of one of the medium sizes 
in the manner described under the treatment of 
precipitates, and weighing the ash which is left. 
This quantity divided by six gives the average 
amount of ash left by one'filter of that size, ami 
the amount left by the other sizes is remlily 
calculated, the quantity of ash being propor¬ 
tional to the area of the'paper. 

Usually the filter paper is supported in a 
glass funnel which should have smooth even 
sides and an angle of 00°. The stem should be. 
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tomewhat long and not too widemth the lower | 
end cut obliquely. A circular filter is folded in 
half, then in a quadrant, and when the quadrant 
is opened at one side it forms a hollow cone 
which should fit accurately into the funnel. 
The edge of the filter paper Bhould be about 
10 mm. below the edge of the funnel, and the 
size of the filter should be such that it is not 
more than three quarters filled by the preci¬ 
pitate. After placing the filter in position it is 
moistened with water, and fitted accurately to 
the glass, care being taken to remove all air 
bubbles from between the glass and the paper. 
Attention to these points greatly facilitates the 
subsequent filtration. The edge of the vessel 
containing the liquid to be filtered is slightly 
greased outside, and tho liquid is directed into 
the filter by means of a glass rod, care being 
taken not to disturb the precipitate until most 
of the clear liquid has passed through. It is 
advisable to keep tho filter well filled with the 
liquid, but the lattor must not rise higher than 
10 mm. below the top of the paper. 

In order to accelerate filtration a glass tube 
about 3-4 mm. in diameter anti not less than 
20 cm. long, bent into a loop near its upper end, 
may be attached to the stem of the funnel by 
means of indiarubber tube. 

Greater rapidity of filtration is obtained by 
using one of tho nuraeroq^ water pymps (v. 
Filter pump). In this case tho liquid is filtered 
into a flask with stout walls, preferably of the 
conical form. The stem of the funnel passes 
through a cork which fits in the neck of the 
flask and also carries a tub© connected with the 
pump, or the flask may bo provided with a side 
tube for this latter purpose. When it is required 
to filter into a dish or beaker, the lattor is placed 
under a tubulated bell-jar standing on a glass 
plate, the cork carrying the funnel, &c., being 
fitted into the tubulus of the bell-jar. If the 
reduction of pressure is considerable, it becomes 
necessary to support the apex of tho filter. In 
the oase of filters of medium size the necossary 
toughness is obtained by dropping into tho apex 
of the dry filter, after it has been fitted into the 
funnel, two or three drops of the strongest 
nitric acid. After a minute or two the paper is 
washed and is ready for use. Bunsen’s original 
method is to support the apex of tho filter by 
moans of a cone of platinum 
foil, which is made in the 
following way. A circular 
piece of thin platinum foil 
3-4 om. in diameter is cut 
in the manner shown in the 
diagram (Fig. 4), softened 
by neating in a flame, and 
Fig. 4 . then placed against a small 
metal cone of 00°, so that 
the point a eoinoides with the apex of the cone. 
The foil is then folded round the metal so that it 
also formB a small cone, which is finished by being 
pressed in a hollow conical mould into whioh 
the metal cone fits. It is then dropped into 
the funnel and tho paper fitted in. The metal 
oones and moulds required can be purchased; 
Bunsen’s method of making a cone and mould 
of plaster is described in Thorpe’s Quantitative 
Analysis. 

Carmiohael has described a method of reverse 
filtration (Zeitsch. anal. Chem. 10, 83). 
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The Gooch crucible (Oflfcm. News, 37, 181), 
whioh has a perforated bottom lined with a 
thin asbestos mat, has now beoome a recognised 
means of collecting preoipitates. The asbestos 
makes an excellent filter, iB not affected by 
ordinary acid and alkalino liquids, is readily 
dried, and doos not alter in weight when ignited. 
The quality of tho asbestos is of prime import¬ 
ance, a non-ferruginous amphibole being pre¬ 
ferable to the cheaper hydrated varieties of 
serpentine which are appreciably soluble in 
acids. Silky asbestos is scraped into a short 
fine down, boiled with hydrochloric acid, well 
washed, and kept in water. A platinum or silica 
crucible, preferably of tho low wido form, with 
the bottom perforated with a large number of 
minute holes, is fitted air-tight into an ordinary 
funnel by means of an indiarubber ring placed 
between the crucible anefthe wall of tho funnel, 
which is fitted into a filtering flask. The pump 
is set in action and water containing the asbestos 
in suspension is poured into tho crucible. A layer 
of asbestos felt is quickly formed, and when this 
is of sufficient thickness it is drained, dried, and 
ignited over a lamp, and the crucible is then 
weighed. It is desirable to have a non-per- 
forated bottom to tit on the crucible during 
ignition, m ord^r-to protect the contents of the 
crucible from the flame gases. A Soxhlet tube, 
having a perforated porcelain or platinum disc 
covered with an asbestos layer and supported 
at the constricted part of the tube, is frequently 
used to collect precipitates. Neubauer recom¬ 
mends a perforated platinum crucible with a 
felted platinum mat (Zeitsch. anorg. Chem. 
1901, 922; cf. Amer. Chem. .1. 1909, 31, 450). 
The weighed srucible is replaced in the funnel, 
and filtration is conducted in the ordinary way, 
care being taken that the pump is set in action 
before any liquid is poured *into the crucible. 
Drying and igniting tho precipitate occupies but 
little time. For gelatinous preoipitates the 
cruciblo may bo replaced by a cone, the lower 
part of which is made of platinum gauze and 
the upper part of platinum foil. 

Gooch has proposed (P. Am. A. 1885, 390; 
Zeitsch. anal. Chem. 24, 5S3) in special cases to 
replace the asbestos by anthracene, whioh after 
filtration can be dissolved in benzene or other 
suitable solvent, leaving the precipitate undia- 
solved. 

• Not unfrequently it is necessary to keep the 
contents of a funnel hot during filtration. This 
is effected by placing the funnel inside a copper 
jacket filled with water which is heated to boil¬ 
ing by moans of a side tube. A simpler plan is 
to coil lead pipe round the funnel and blow 
steam through the pipe (Uiohter, J. pr. Chem. (ii.) 
28, 309). 

Sometimes it is desirable to avoid contact 
with air during filtration. A convenient ap¬ 
paratus for this purpose has been described by 
Klobukow (Zeitsch. anal. Chem. 24., 395 ; J. Soc. 
CUein. Ind. 4, ^6). 

All precipitates require to be washed in order 
to remove soluble impurities, tho liquid em¬ 
ployed being water, dilute acid, dilute ammonia, 
alcohol, Ac., as the c^se may require* The 
objeot in all cases is to reduce the impurity to 
the desired ^minimum in the shortest possible 
time with the least expenditure of liquid, and it 
can readily be shown that successive treatments 
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with small quantities of the liquid are far more 
effeotual than the same volume of liquid applied 
all at onoe (Bunsen, Annalen, 148, 269). When¬ 
ever possible hot liquids should be used, and the 
precipitate should be washed so far as possible 
by decantation, only the washing liquid being 
poured on the filter. The soluble impurity 
collects round the top edge of the filter paper 
by reason of capillary action and evaporation, 
and hence, when washing is effected with the 
aid of an ordinary wash-bottle with a movable 
jet, it is important that the liquid should be 
directed on to th6 top edge of the filter. It is 
also important- that each quantity of wash- 
water should be drained away as completely 
as possible before adding a fresh quantity, and 
it is obvious that this takes place most readily 
when a pump is usod. In this case the liquid 
is poured into the funnel from an open vessel 
to a height of about 10 mm. above the edges 
of the paper. Care must be taken that the 
precipitate is not drained so far that channels 
are formed. It is always advisable to ascertain 
whether the washing is complete by testing a 
few drops of the last wash-water. 

Drying and weighing 'precipitates. —Occa¬ 
sionally a precipitate must be dried without the 
application of heat, and this is accomplished in 
a desiccator over sulphuric acid, preferably in a 
vacuum. In other instances the substance is 
not injured by a temperature of say 120°, but 
cannot be ignited. In these cases the filter is 
carefully dried at the particular temperature, 
enclosed between a pair of watch-glasses, and 
weighed. It is then placed in the funnel and 
the operation proceeded with. After filtration 
the filter and the precipitate are thoroughly 
dried at the same temperature as before and 
again weighed, the increase being the weight of 
the precipitate. Tared filters can, however, be 
generally replaced by Gooch oruoibles, Soxhlet 
tubes, &c. The majority of the precipitates 
usually met with can, moreover, be dried by 
heating them in a crucible over a lamp. In 
most cases it is not necessary that the precipi¬ 
tates should previously be dried. The greater 
part of the water is romovod by draining in the 
funnel by means of the pump or by placing the 
filter and its contents on a porous tile or on a 
pad of filter paper. The filter is then intro¬ 
duced into a orucible, heated cautiously until 
quite dry and then heated more strongly until 
the weight iB constant. 

When the precipitate is not easily reducible 
it is' not necessary to remove the paper before 
ignition. The wet paper enclosing the preoipi- 
tate is plaoed ih a platinum crucible, and the 
latter heated with a full flame; the water 
present assumes the spheroidal state and the 
paper smoulders away without spurting. If 
any slight reduction takes place, for example, 
\tfith barium sulphate, it is easily remedied by 
adding a few drops of dilute sulphurio aoid and 
again nesting. In the oase of magnesium pyro¬ 
phosphate strong nitrio acid serves a similar 
purpose. If, however, the precipitate is readily 
reduoed in oontact with organic matter, it must 
be removed from the^ paper as completely as 
possible by gentle friction, and yansferred to 
jtfie hruciblo, which should stand Cm a sheet of 
glazed paper. A carefully trimmed feather or 
a camera-hair brush is useful to transfer scattered 


particles from the paper to the crucible. The 
filter paper is then folded with the portion to 
which the precipitate* had adhered inside, 
wrapped in platinum wire which forms a sort 
of cage, and set on fire. Whilst burning it is 
held over the crucible, and when completely 
burnt out, the ash is heated with the tip of a 
Bunsen flame for a few minutes and then shaken 
into the crucible. 

Precipitates which contain compounds of 
silver, lead, zino, tin, and other easily reducible 
metals, should be heated in porcelain crucibles, 
since platinum vessels are liable to be attacked. 
Care should also be taken that platinum vessels 
are not heated with smoky or * roaring ’ flames, 
and do not come in oontact with brass cruoible 
tongs or easily fusible motals whilst hot. After 
some time the surfaoe of the metal may become 
dull, owing to the partial disaggregation of the 
platinum, but this defect can be remedied by 
polishing the metal with soa-sand or a burnisher. 

Heating appliances .—The ordinary bunsen 
burner serves for most operations, but the argand 
bunsons introduced by Fletcher are more efficient, 
and the radial slit burner of the same inventor 
is perhaps the most efficient gas-burner for heat¬ 
ing purposes that has yet been made. Glass 
vessels are more safely heated on a sheet of wire 
gauze or on a layer of sand in a metal tray. A 
most useful piece of apparatus in a technical 
laboratory is a larg‘d iron plate supported on iron 
legs, and heated by a burner underneath the 
middle. Vessels placed on the plate near its 
edges are subjected to a very gentle heat, but 
may be raised to a much higher temperature by 
being moved nearer to the middle. 

A water-bath provided with a constant feed¬ 
ing arrangement is the most useful way of heat¬ 
ing vessels at 100®. If higher temperatures are 
needed, a saturated solution of oalcium chloride, 
melted paraffin, or oil may be used. Maumend 
(Compt. rend. 1883, 97,45, and 215) has proposed 
to use fused mixtures of alkaline nitrates for 
temperatures between 140° and 250°. Brauner 
(Chem. Soo. Trans. 1885, 47, 887) has described 
a simple arrangement for heating substances in 
sulphur vapour. 

Reagents .—The ordinary acids and ammonia 
are required in a dilute as well as in a concen¬ 
trated form. Whenever possible the reagents 
should be made in solutions the strengths of 
which are multiples or submultiples of normal 
solutions. A convenient strength for the dilute 
mineral acids is twice normal, and the alkaHhe 
solutions should be of equivalent strength. 

Qualitative Analysis. 

The detection of the constituents of a 
mixture or chemioal substance is based on the 
fact that almost every metallio or acidic radical 
wUf under suitable conditions give rise to a 
reaction which, under these conditions, is 
characteristic and thus enables one to distinguish 
this radical from all others. These tests may be 
applied directly to the solid substance, usually 
"t high temperatures, when they are known as 
dry reactions ; or they may be employed in solu¬ 
tion, in which case they are described as wet 
reactions. The wet and ary reactions of metallio 
and aoidio radioals are generally, but by no 
meanB invariably, independent of the aoidio and 
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metallic radical* with which they are respec¬ 
tively oombined. 

Examination In the Dry Way. 

The indications obtained from the dry re¬ 
actions of a aubstanoe frequently afford very 
suggestive dues to its composition, but as these 
testa rarely, if ever, indioate the relative pro¬ 
portions in which the constituents exist in the 
mixture under examination, they must be re¬ 
garded as being preliminary to the more syste¬ 
matic examination of the substance m solution. 
Moreover, negative results obtained from dry 
tests must not be accepted as final evidence. 

In all cases, however, a preliminary examina¬ 
tion of the substance should be made in the dry 
way, and if the substance is in solution a portion 
should be evaporated to dryness. The reactions 
of several substances in the dry way are inter¬ 
fered with and rendered inconclusive by the 
presence of oertain othor substancos ; but never¬ 
theless an examination of this kind often gives 
much information in a short time. 

The most convenient source of heat lor this 
purpose is the ordinary bunsen burner. T his 
consists of a metal tube at the base of which 
coal cas enters by means of a jet, the lower part 
of the tube being pierced with holes through 
which air is drawn and mixed with the coal gas. 
The mixture of 1 volume of coal gas with about 
21 volumes of air, which is thus produced, hums 
at the top of the tube with a non-luminous flame. 
When the supply of gas is turned low, it is 
neoessary also to reduce the air supply by 
partially closing the inlet holes by means of a 
regulator. The upper part of the burner is 
generally fitted with a support carrying a cone 
to protect the flame from draughts. 

The flame consists essentially of.an inner 
dark zone containing unburnt gas mixed with 
air, and an outer zone or flame mantle in which 
oombustion becomes com¬ 
plete. If the air holes arc 
partially closed, a luminous 
cone appears at the top of 
the inner zone. Bunsen has 
shown, however, that several 
distinct zones exist, each of 
which can bo utilised for pro¬ 
ducing particular reactions. 
The most useful of these are 
b, a comparatively cold zone 
at the base of the flame, whioh 
serves for the volatilisation 
of salts in order to obtain 
flame colourations; the lower 
reducing flame S about one 
quarter of the way up and 
close t% the edge of the dark 
zone; y, the upper and more 
powerful reducing flame at 
the top of the dark tone, 
obtained by dosing the air 
holes until the tip of the 
inner zone just becomes lu¬ 
minous ; (3, the zone of fusion 
or highest temperature, at 
about one-third the height of 
the flame and half-way be¬ 
tween the inner zone and the flame mantle; 
7 , the lower and hotter oxidising flame at the 
edge just below the zone of fusion ; and i, the 


upper oxidising flame at the extreme tip ol 
the flame. 

Instead of the bunsen burner, the flame ob¬ 
tained by means of a blowpipe may be used; a 
mouth blowpipe oonsiste of a metal tube pro¬ 
vided at one end with a mouthpieoe, the other end 
fitting into a small metal box fhioh serves to 
condense and retain the moisture of the breath. 
From the side of this box a second shorter 
and narrower tube projects at right angles to 
the first, and is provided with a nozzle or jet of 
brass or, better, of platinum. For general work 
the diameter of the bore of the jet should be 
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0 4 mm. lu Black’s blowpipe the larger tube is 
conical, the lower and wider end serving the 
same purpose as the box in tho form just de¬ 
scribed. The art of keeping up a continuous 
blast of air through the blowpipe can only he 
acquired by practice. The necessary pressure is 
produced by distending the cheeks, breathing 
being carried on through the nostrils, whilst 
communication between the nostrils and the 
mouth is cut off by the pressure of the tongue 
against the palate. A convenient form of hand- 
blower for blowpipe work has been devised by 
Fletcher. . 

A good flame for blowpipe work is obtained 
j by dropping into tho tube of an ordinary bunsen 
burner a brass tube, the lower end of which 
descends to the bottom of tho burner and outs 
off the supply of air, whilst the upper end is 
flattened and cut off oblfljuely. The flame 
should be much smaller than when the Burner 
is used in tho ordinary way. Coal gas usually 
contains more or less sulphur, and consequently 
cannot be used when testing for this element. 

A thick Btearin candle answers well; hut 
nothing is better than a lamp consisting of a low 
and rather wide cylindrical metal vessel, open 
at the top, with a somewhat broad and flat wick- 
holder attached to the side. The fuel used is 
solid paraffin, which is kept in a melted condi¬ 
tion by the heat of the blowpipe flame, the wick 
being so arranged that the flame passes over the 
top of the paraffin. A metal cover proteota the 
lamp from dust when not in use. 

The nozzle of the blowpipe is introduced a 
short distanoe into the lamp flame at a ahort 
distanoe above the wiok, and when the blast is 
produced the flame is deflected horizontally, 
beoomes long and narrow, and is seen to oonsist 
of two parts, viz. an miter or oxidising flame, at 
the tip of whioh there is an excess of oxygen 
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heated to a high temperature, and an inner or 
reducing flame, which Contains carbonic oxide 
and hydrocarbons heated to a high temperature. 
If the blowpipe is held just at the edge of the 
flame and a mpderate blast is used, a broader 
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reducing flame can be obtained, which has a 
luminous tip containing solid particles of carbon. 

The following appliances are required: a 
small pair of forceps with platinum points ; short 
pieces of thin platinum wire; charcoal from some 
iine-grained compact wood; glass tubes about 
3 mm. intern!*! diameter, and 60-80 mm. long, 
closed at one end ; and glass tubes of similar 
diameter 100-120 mm. long, open at both ends 
and bent slightly in the middle. The reagents 
used are borax, microcosmic salt (NH 4 NaHF0 4 , 
4II 2 0), potassium cyanide, sodium carbonate, 
potassium nitrate, cobalt nitrate solution, and 
potassium hydrogen sulphate. 

The dry tests are conveniently performed in 
the following order :— 

(1) Heating in a dry closed tube. —To avoid 
soiling the sides of the tube, the substance 
should bo introduced bv means of a roll of stiff 
paper. The follow ing changes may be observed : 

(а) Carbonisation with or without evolution 
of empyreumatic vapours = organic compounds. 

(б) Condensation of moisture on cold parts 
of tube ; neutral reaction = hydrated salts and 
hydroxides ; acid rcactiou = acids and acid salts ; 
alkaline reaction = ammonium salts. 

(c) Fusion without change of colour = alka¬ 
line salts, hydrated salts. 

(d) Fusion with change of colour = yellow 
hot, dark yellow cold = oismvlh oxide; yellow 
hot, red cold = lead oxide. The chromates of 
lead and the alkali metals fuse and darken on 
heating. 

(e) No fusion, but change of colour: dark 
yellow hot, palo yellow cold = stannic oxide; 
\ ellow hot, white cold = zinc oxide ; black hot, 
reddish-brown cold — ferric oxide; black hot, 
bright red cold = mercuric oxide ; brown darken 
ing on henting = fadmium oxide. 

{J ) C as evolved: oxygen —oxides, peroxides, 
chlorates , bromates,perchlorates, iodates, periodates , 
persulphate* , and nitrates; carbon dioxide = 
carbonates, bicarbonate *, oxalates; carbon mon¬ 
oxide (blue flame) = formates, oxalates; sulphur 
dioxide = acid sulphites, sulphates of heavy 
metals (together w ith sulphur trioxide); cyanogen 
=* cyanides of heavy metals ; ammonia — am¬ 
monium salts ; phosphine = phosphites, hypo- 
phosphites ; orange-hrown vapours = nitrates, 
nitrites , bromides ; violet vapours = iodides ; 
colourless fuming gas = hydrated chlorides. 

4g) Sublimate : white infusible == arsenious 
oxide (octahedra), antimonious oxide (needles), 
selenium dioxide, ammonium chloride , am¬ 
monium sulphite (from ammonium sulphate); 
white fusible = mercuric chloride ., tellurium 
dioxide, organic acids , molybdenum trioxide (at 
very high. temperatures); coloured, black, or 
reddish black = selenium, mercuric sulphide ; 
yellow hot, red cold = mercuric iodide ; reddish 
yellow = arsenious sulphide ; yellow = sulphur 
and sulphides ; black metallic mirror = arsenic ; 
grey metallio globules <= mercury. These metal¬ 
lic sublimates ere often obtained nore readily by 
heading the material with potassium cyanide. 

Phosphorus compounds are detected by 
heating in a closed tube with magnesium ribbon 
and dropping the hot oube into water, when in¬ 
flammable phosphine is evolved. 

{Sj^Mkating in open tube .—The tube being 
iac^^aPto promote a current of air through 
it, Uw-ohanges observed are** similar to tne 


reactions in the closed tube, but sulphides 
bum evolving sulphur dioxide; arsenic is 
oxidised to arsenious oiide, and selenium and 
its compounds evolve a pungent odour of horse¬ 
radish (dioxide), and give a grey or reddish 
sublimate. 

(3) Heating on platinum wire—Flame coloura¬ 
tions. —The wire being cleaned by repeated dip¬ 
ping in hydrochloric acid and boating till it imparts 
no colour to the flame, a small quantity of the 
substance supported on the end of the wire is 
introduced into zone a of the bunsen flame. As 
a colouration is produced only if volatile com¬ 
pounds of the metals are present, the substance 
should be moistened with hydrochloric acid to 
produce the volatile chlorides. This result may 
also be attained by mixing the substance on an 

j asbestos thread with moist silver chloride, a 
i compound which, while imparting no colour to 
! the flame, slowly yields chlorine, converting other 
metals into chlorides. The wire should be 
slowly moved into the hottest part of the blow¬ 
pipe or bunBen flame, so that the colourations 
duo to less volatile constituents may be sue- 
! ecssively developed. 

Colourations : yellow = sodium ; orange red 
= calcium ; crimson = strontium , lithium ; 
lavender = potassium, rubidium, caesium ; apple 
green = barium ; bright green = thallium, 
copper, I'oric acid pale blue = lead, antimony ; 

! deep blue becoming green = copper halides ; 
j deep blue = selenium. 

The pocket spectroscope (direct vision) is a 
I useful aid in examining flame colourations, 
j particularly in the case of strontium and calcium, 
winch exhibit respectively a characteristic blue 
| and a vello wish-green line. 

(4) Heating on charcoal. —Tbe substance 
mixed with three times its weight of dry sodium 
carbonate or of a mixture of 2 parts sodium car¬ 
bonate and 1 part potassium cyanide, is placed 
in a small shallow hole scooped out in charcoal, 
and heated in a reducing flame. The metallio 
bead obtained is examined as to oolour, malle¬ 
ability, solubility, &c. Many metals yield films 
of oxide, which coat tho charcoal at a greater or 
less distance from the flame, and the oolour and 
appearance of which are more or less character¬ 
istic. These and similar films are best seen 
when the charcoal is supported on an aluminium 
plate (Ross). A piece of sheet aluminium 12 om. 
by 5 cm. is bent in right angles at a distance of 
2 cm. from one end, thus forming a ledge on 
which a small flat piece of charcoal is placod, 
the plate being held so that the surface rises 
vertically behind the ledge. Volatile oxides, &c* 
condense on the metallic surface ( v . Hutchings, 
Chem. News, 1877, 36, 208, 217).' 

The reduction may also be effected by adding 
a fragment of sodium to the substance supported 
on fharcoal (Parsons, J. Amor. Chem. Soc. 1901, 
23, 169). 

In order to obtain reduced metals with the 
bunsen flame, a match-stick is smeared with 
ordinary sodium carbonate (washing soda) which 
has been melted by holding it in the flame, and 
the wood thus prepared itf oarbonised by heating 
it in the flame. A small quantity of tho sub¬ 
stance is mixed in the palm of tho hand with a 
small quantity of the fused washing soda, and 
the mixture is carefully placed on tne charcoal 
splint, which is then heated in the lower or upper 
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metallic radical* with which they are respec¬ 
tively oombined. 

Examination In the Dry Way. 

The indications obtained from the dry re¬ 
actions of a aubstanoe frequently afford very 
suggestive dues to its composition, but as these 
testa rarely, if ever, indioate the relative pro¬ 
portions in which the constituents exist in the 
mixture under examination, they must be re¬ 
garded as being preliminary to the more syste¬ 
matic examination of the substance m solution. 
Moreover, negative results obtained from dry 
tests must not be accepted as final evidence. 

In all cases, however, a preliminary examina¬ 
tion of the substance should be made in the dry 
way, and if the substance is in solution a portion 
should be evaporated to dryness. The reactions 
of several substances in the dry way are inter¬ 
fered with and rendered inconclusive by the 
presence of oertain othor substancos ; but never¬ 
theless an examination of this kind often gives 
much information in a short time. 

The most convenient source of heat lor this 
purpose is the ordinary bunsen burner. T his 
consists of a metal tube at the base of which 
coal cas enters by means of a jet, the lower part 
of the tube being pierced with holes through 
which air is drawn and mixed with the coal gas. 
The mixture of 1 volume of coal gas with about 
21 volumes of air, which is thus produced, hums 
at the top of the tube with a non-luminous flame. 
When the supply of gas is turned low, it is 
neoessary also to reduce the air supply by 
partially closing the inlet holes by means of a 
regulator. The upper part of the burner is 
generally fitted with a support carrying a cone 
to protect the flame from draughts. 

The flame consists essentially of.an inner 
dark zone containing unburnt gas mixed with 
air, and an outer zone or flame mantle in which 
oombustion becomes com¬ 
plete. If the air holes arc 
partially closed, a luminous 
cone appears at the top of 
the inner zone. Bunsen has 
shown, however, that several 
distinct zones exist, each of 
which can bo utilised for pro¬ 
ducing particular reactions. 
The most useful of these are 
b, a comparatively cold zone 
at the base of the flame, whioh 
serves for the volatilisation 
of salts in order to obtain 
flame colourations; the lower 
reducing flame S about one 
quarter of the way up and 
close t% the edge of the dark 
zone; y, the upper and more 
powerful reducing flame at 
the top of the dark tone, 
obtained by dosing the air 
holes until the tip of the 
inner zone just becomes lu¬ 
minous ; (3, the zone of fusion 
or highest temperature, at 
about one-third the height of 
the flame and half-way be¬ 
tween the inner zone and the flame mantle; 
7 , the lower and hotter oxidising flame at the 
edge just below the zone of fusion ; and i, the 


upper oxidising flame at the extreme tip ol 
the flame. 

Instead of the bunsen burner, the flame ob¬ 
tained by means of a blowpipe may be used; a 
mouth blowpipe oonsiste of a metal tube pro¬ 
vided at one end with a mouthpieoe, the other end 
fitting into a small metal box fhioh serves to 
condense and retain the moisture of the breath. 
From the side of this box a second shorter 
and narrower tube projects at right angles to 
the first, and is provided with a nozzle or jet of 
brass or, better, of platinum. For general work 
the diameter of the bore of the jet should be 
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0 4 mm. lu Black’s blowpipe the larger tube is 
conical, the lower and wider end serving the 
same purpose as the box in tho form just de¬ 
scribed. The art of keeping up a continuous 
blast of air through the blowpipe can only he 
acquired by practice. The necessary pressure is 
produced by distending the cheeks, breathing 
being carried on through the nostrils, whilst 
communication between the nostrils and the 
mouth is cut off by the pressure of the tongue 
against the palate. A convenient form of hand- 
blower for blowpipe work has been devised by 
Fletcher. . 

A good flame for blowpipe work is obtained 
j by dropping into tho tube of an ordinary bunsen 
burner a brass tube, the lower end of which 
descends to the bottom of tho burner and outs 
off the supply of air, whilst the upper end is 
flattened and cut off oblfljuely. The flame 
should be much smaller than when the Burner 
is used in tho ordinary way. Coal gas usually 
contains more or less sulphur, and consequently 
cannot be used when testing for this element. 

A thick Btearin candle answers well; hut 
nothing is better than a lamp consisting of a low 
and rather wide cylindrical metal vessel, open 
at the top, with a somewhat broad and flat wick- 
holder attached to the side. The fuel used is 
solid paraffin, which is kept in a melted condi¬ 
tion by the heat of the blowpipe flame, the wick 
being so arranged that the flame passes over the 
top of the paraffin. A metal cover proteota the 
lamp from dust when not in use. 

The nozzle of the blowpipe is introduced a 
short distanoe into the lamp flame at a ahort 
distanoe above the wiok, and when the blast is 
produced the flame is deflected horizontally, 
beoomes long and narrow, and is seen to oonsist 
of two parts, viz. an miter or oxidising flame, at 
the tip of whioh there is an excess of oxygen 
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heated to a high temperature, and an inner or 
reducing flame, which Contains carbonic oxide 
and hydrocarbons heated to a high temperature. 
If the blowpipe is held just at the edge of the 
flame and a mpderate blast is used, a broader 



m ANALYSIS. 


must be taken to observe if any gas is given off— 
e«g. carbon dioxide jeffervescenoe), from carbon¬ 
ates ; sulphur dioxiae, from sulphites or thiosul¬ 
phates i chlorine, from peroxides or hypo- 
chloritee; hydrooyanic acid, from cyanides; 
hydrogen sulnhide, from sulphides. Many 
chlorides are risoluble in the strong acid, and 
hence the solution must be diluted before filter¬ 
ing. Silver, lead, and univalent meroury will 
be converted into insoluble chlorides. 

Solvent action of the mineral acids tv. 
A. A. Noyes and W. C. Bray, J. Arner. Chein. 
Soc. 1907, 29, 137, 481).—In dealing with sub¬ 
stances insoluble' in water the following acidic 
solvents may be used: hydrochloric, nitric, sul¬ 
phuric, and hydrofluoric acids. Although it 
is impossible to give a hard-and-fast rule as to 
the way in which these jagonts should be applied, 
the following considerations will indicate the 
relative advantages of one or othei of these 
solvents:— 

Hydrochloric acid. —(1) Advantages: (i.) 
Solutions on this acid do not yield a precipitate 
of sulphur on treatment w ith hydrogen sulphide ; 
(ii.) the solvent aotion of this acid on the 
following oxides: lead peroxide, manganese 
dioxide, and the hydrated oxides of 'tin and 
antimony, is superior to that of nitric acid; 
(iii.) hydrated silica is readily precipitated on 
evaporating the hydrochloric acid solution. 

(2) Disadvantages: (i.) This acid is com¬ 
paratively useless for alloys; (ii.) evaporation 
of the hydrochloric acid solution leads to the 
volatilisation of arsenic, mercury, tin and 
selenium as chlorides. 

Nitric acid. —(1) Advantages: (i.) The beet 
general solvent for the metals and their alloys, 
(ii.) oxidises and dissolves insoluble compounds 
of arsenio, merevrv, and selenium without 
the formation of volatile compounds of these 
elements; (iii.) does not cause the precipita¬ 
tion of silver or lead ; (iv.) oxidises sulphides 
not attacked by hydrochloric and sulphuric acids. 

(2) Disadvantages: (i.) This acid alters the 
state of combination of many elements, e.g. it 
oxidises mercurous, arsenious, antimonious, 
stannous, and ferrous salts ; (ii.) its solution 
deposits much sulphur on treatment with 
hydrogen sulphido; (iii.) the oxidation of 
sulphides by nitric acid in the presenoe of 
barium, strontium, and lead loads to the 
precipitation of these metals as sulphates ; (iv.) 
nitric acid is less efficacious than hydrochlorio 
aoid in rendering hydrated silica insoluble. 

The nitric acid solution of an alloy when 
evaporated to dryness and heated at 120°-J30° 
may yield the partially dehydrated hydroxides 
of silica, tin, antimony, titanium, and tungsten 
in an insoluble condition. When phosphorus 
or arsenic is present together with tin the so- 
oalled stannic phosphate or arsonate (phospho- 
stynnio or arsenostannic acid) may also be found 
in tho insoluble residue. 

Sulphuric acid. —The dilute aoid is of little 
value as a solvent, but the hot oonceutrated 
acid has been found useful in certain cases, 
(i.) In bringing certain alloys into solution, e.g. 
white metals (r. Low; J. Amer. Chem. Soc. 
1907, 29, 66); (ii.) destruction, of organic 

matfer; Evaporation of a concentrated sulphuric 
acid solution of the substance ( is preferable to 
ignition, because the latter process renders cer¬ 


tain compounds insoluble and leads to the loss 
by volatilisation of such elements as mercury, 
arsenic, selenium, &c. Very stable organic 
substances (e.g. paraffin and cellulose) can be 
destroyed completely by adding a little strong 
nitric acid and heating till the solution acquires 
a light yellow colour. When diluted con¬ 
siderably with water (20-30 vols.) this solution 
may yield a, deposit containing silica and certain 
refractory silicates and fluosilicates, together 
with the sulphates of barium, strontium, lead, 
calcium, and chromium (an insoluble sulphate 
formed during the heating), basic sulphates of 
bismuth, antimony, and tin and the ignited 
oxides of tho last two metals with those of 
aluminium and titanium, (iii.) Insoluble com¬ 
pound cyanides are decomposed by hot con¬ 
centrated sulphuric acid, but may also be 
attacked by aqueous alkali hydroxides yielding 
soluble alkali cyanides and insoluble metallic 
hydroxides. 

Hydrofluoric act’d.—The insoluble residues 
from the preceding acids may be treated with 
a 40 p.c. solution of hydrogen fluoride, which is 
now obtainable in glass bottles lined with 
paraffin wax. (1) Advantages: (i.) Many 

insoluble silicates are readily decomposed, the 
silicon being eliminated completely as gaseous 
silicon fluoride; (ii.) the reducible metals and 
their compounds nay be treated in platinum 
basins or crucibles providing that the solution 
is never evaporated to dryness. 

(2) Disadvantages : (i.) Glass or silica-ware 
vessels oannot be used with hydrofluoric acid; 
(ii.) owing to the destructive action of hydrogen 
fluoride on aniiral tissues, all operations with 
solutions of this gas must bo conducted in an 
efficient draught cupboard. 

Aqua regia (concentrated hydrochloric aoid 
S parts and nitric acid 1 part) may be em¬ 
ployed in attacking substances not dissolved 
by hydrochlorio or nitric acid, althojgh it is 
of little use for oolourless insolubles. It readily 
dissolves gold and platinum, but is less efficacious 
in rendering soluble the rarer noble metals (e.g. 
osmium and iridium). 

Treatment of Insolubles. 

The substanoes not dissolved by the fore¬ 
going acidio reagents are generally regarded as 
insolubles, although they are divisible into two * 
classes: (i.) pseudo-insolubles , which are dissolved 
by certain speoifio solvents ; (ii.) true insolubles, 
which are only broken up into soluble com¬ 
pounds by the agency of fused alkali carbonates. 

Pseudo- insolubles. —Silver chloride and bromide, 
soluble in aqueous ammonia. (The three silver 
halides may be completely decomposed by treat¬ 
ment with zino and dilute sulphuric acid, 
metallic silver and soluble zinc halide being 
produced.) Insoluble fluorides (those of the 
common and rare earth metals) are decomposed 
by heating with concentrated sulphuric acid. 
Lead sulphate, soluble in ammonium acetate 
solution ; oxides of antimony, dissolved in hydro¬ 
chloric and tartaric acids. Anhydrous chromic 
6'Uphate and basic bismuth sulphate , oonverted 
respectively into hydroxido and basio carbonate 
by boiling with aqueous sodium carbonate; these 
products are then dissolved in dilute mineral 
acids. 

True insolubles .—These substances are fused 
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with a mixture of .sodium and potassium car¬ 
bonates in , equimoleoular proportions (so- 
called fusion mixture)! In the absenoe of 
reducible metals ( e.g . silver or lead), insoluble 
sulphates (barium and strontium sulphates) and 
silioates may be heated with the fusion mixture 
in a platinum crucible. If any insoluble molyb¬ 
denum sulphide is present (indicated by dry 
tests), a little nitre must be added to oxidise this 
sulphide, and thus prevent its corrosive aotion 
on the platinum. In the case of an insoluble 
silicate the fused mass is treated directly with 
hydrochloric acid, when the metals present pass 
into solution as chlorides, and the silica is ren¬ 
dered insoluble by evaporating down the acid 
solution. In the case of insoluble sulphates the 
fused mass is extracted with water to remove 
the soluble alkali sulphate, and the residue 
(BaC0 # ,SrC0 8 ) is subsequently dissolved in 
dilute acid. 

Silver iodide, bromide, and chloride are 
decomposed by * fusion mixture/ yielding the 
soluble alkali halide ; insoluble lead compounds 
are similarly decomposed. The strongly heated 
oxides of aluminium, chromium, titanium, tin, and 
antimony rank as insolu bios; they are not readily 
attacked by * fusion mixture,* but are renderod 
soluble by fusion with potassium hydroxide. 
The oxides of titanium and aluminium may be 
rendered soluble by fusion with pcifcassium 
^hydrogen sulphate; special methods for treat¬ 
ing the insoluble oxides of chromium, tin, and 
antimony are indicated among the dry tests 
(7, 6 and c). The insoluble compounds of the 
easily reducible metals (c,£. Ag, Pb, Sn,Sb, &c.) 
can all be decomposed and reduced by fusion 
with sodium or potassium cyanide. 

When both aqueous and acid solutions have 
been obtained from the same substance, the 
analyst must use his judgment as to whether 
they may be mixed or should be analysed 
separately. The latter course sometimes 
gives information as to the distribution of the 
acids and bases in the original substance. If 
the first course is adopted, it must be borne 
in mind that the hydrochloric acid solution may 
precipitate lead and silver, and possibly mercury, 
from an aqueous or nitric acid solution. 

Systematic Method of Examination In the 
Wet Way. 

The formation of a precipitate at the proper 
stage in the systematic separation is not suffi¬ 
cient proof of the presence of a particular sub¬ 
stance ; some characteristic confirmatory test 
should always be applied. The colour of the 
solutions at different stage| in the operation is 
a valuable indication. Unnecessary excess of 
reagents should be avoided, but filtrates should 
always be tested to make sure that precipitation 
is oomplete. Many tests succeed only when the 
proper proportion of the reagent is added, and 
it should be a rule always to add the reagents 
very gradually. All precipitates which nave 
to be subjected to the action of reagents should 
be oarefully washed, but in qualitative analysis 
it is not as a rule desirable that all the washings 
should mix with the filtrate. 

The reaction of the original solution towards 
Htmtu paper should be noted and a portion 
tested tor ammonium compounds by heating 


with sodium hydroxide or by triturating in a 
mortar with soaa-lime (dry sodium and calcium 
hydroxides). 

In systematic qualitative analysis advantage 
is taken of oertain similarities existing between 
the metallic radicals which enable these radioala 
to be divided into a limited nun#>er of groups, 
the members of which are subsequently either 
separated or identified by means of the differences 
between the properties of their respective com¬ 
pounds. 

The metallic radicals are divided into six 
groups, according to their behaviour with the 
following reagents, which murft be applied in 
the order given. It may be mentioned that 
some chemists prefer a division into five groups, 
and add the roagents of Groups III. and IV. suc¬ 
cessively without an intervening filtration. This 
process is conveniently adopted in the presence 
of the less commonly occurring metals (J. Amer. 
Chera. Soc. 1908, 30, 481). 

Group I.—Roagent: hydrochlorio acid in 
moderate excess. Precipitate: silver, lead, 
thallium (ihallous ), and mercurous chlorides; 
tungstic acid. 

If the original solution is alkaline, the group 
recipitate may contain sulphides (e.g. As 3 8 3 , 
b a S 3 , SnS,) which had been dissolved in aqueous 
alkali sulphide or hydroxide. This yellow or 
orange precipitate is examined under Group II. 
The group precipitate may also oontain in¬ 
soluble silver salts (e.g. AgBr, Agl) precipitated 
from solution m alkaline oyanides or thio¬ 
sulphates ; these are dealt with as insolubles. 
The filtrate from the Group I. precipitate or the 
solution itself in the absence of a precipitate, 
must be evaporated nearly to dryness if nitric 
acid or nitrates are present, since these com¬ 
pounds lead to the precipitation of sulphur in 
Group II. 

Group II.—Reagent: hydrogen Bulphifle in 
acid solution. Thioacetio acid has been recom¬ 
mended as a substitute for hydrogen sulphide 
in qualitative analysis (Schiff and Tarugi, 
Ber. 1894,27,2437). Precipitate : the sulphides 
of arsenic , antimony , tin, molybdenum, gold, 
platinum (the other platinum metals), bismuth, 
lead, mercury, copper, and cadmium, together 
with selenium and tellurium, partly free and 
partly as sulphides. The solution should be 
dilute and not too acid, and it should bo treated 
and saturated repeatedly with the group reagent, 
since prolonged treatment is required to preoipi- 
tate molybdenum and the platinum metals. 

The filtrate from the forogoing sulphides is 
boiled to expel hydrogen sulphide, and any iron 
present peroxidised by warming with nitrio 
acid or bromine water. If organic matter is 
resent, it is destroyed cither by evaporation to 
ryness or treatment with hot concentrated iul- 
phurio acid (v. supra). Silica or barium sulphate 
may be precipitated at this stage. A portion 
of the oxidised solution should now be tested 
for phosphate with nitric acid and ammonium 
molybdate. 

Group III.—Reagents : ammonium chloride 
and ammonium hydroxide. Precipitate: (a) In 
absenoe of phosphates: hydroxides of aluminium, 
iron, chromium, glucinum, titanium , zirconium, 
tantalum, columbiam, thorium, cerium (and 
other rare earth, metals), and uranium as am¬ 
monium diuraflaie. Some manganese, zinc, 


t 
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end alkaline earth metals may be coprecipi¬ 
tated. (b) in presonoe of phosphates: the 
phosphates of the, preceding metals, together 
with those of Groups IV., V., and magnesium. 

Group IV.—Reagents: ammonium sulphide 
or hydrogen suJphide and ammonium hydroxide. 
Precipitate: sulphides of zinc, manganese, cobalt, 
and nickel. The precipitation is carried out in 
the boiling solution, and the filtrate, if brown, 
is slightly acidified with hydrochloric acid, when 
vanadium and a small portion of the nickel are 
precipitated as sulphides. 

Group V.—Reagents, ammonium carbonate 
and ammonia. Precipitate: barium, strontium, 
anti calcium as carbonates. 

Group VI.—The filtrate from Gioup V. 
contains magnesium, sodium , lithium , potassium , 
rubidium, and caesium, r which arc identified by 
special tests. 

In the absence of the rarer metallic radical", 
the group precipitates arc examined in the fol¬ 
lowing manner. Confirmatory tests are given 
under special reactions. 

Group 1.—The precipitate is boiled with 
water; the aqueous extract mixed with dilute 
sulphuric acid gives a white precipitate (Pl>S0 4 ), 
indicating lead. The insoluble portion is treated 
with aqueous ammonia; a black residue 
(NH a Hg 3 Cl or NHJIgCl and Hg) indicates 
mercury ; the ammomacal filtrate acidified 
with nitric acid gives white silver chloride, 
indicating silver. 

Group II.—The prccipilalo is washed with 
aqueous hydrogen sulphide and warmed with 
yellow ammonium sulphide f(NH 4 ) 2 Sx], this 
extraction being repeated. 

(A) The filtrate is acidified with dilute hydro¬ 
chloric acid, the precipitate boiled with strong 
aqueous ammonium carbonate, ami the solution 
filtered , the filtrate acidified yields a yellow 
precipitate (As a S a ), denoting arsenic. The residue 
is dissolved in concentrated hydrochloric acid, tho 
solution boiled, diluted, and treated with strips 
of platinum and pure zinc; a black stain on the 
platinum = antimony. Tho zinc is dissolved 
m hydrochloric acid and mercuric chloride added; 
a white precipitate (Jlg s Cl 2 ) becoming grey 
(Hg) = bn. 

In the separation of arsenic, antimony, and 
tin by ammonium carbonate, this solvent 
dissolves an appreciable amount of stannic 
sulphide, which is rcprccipitatcd by acids as 
a white oxysulphido (Schmidt, Ber. 1894, 27, 
2739). 

Boiling tho mixed sulphides with con¬ 
centrated hydrochloric acid effects a separation 
by dissolving the tin and antimony compounds, 
leaving nearly the whole of the arsenious sulphide 
undissolved. Tho mixed sulphides may also 
be dissolved in aqueous sodium peroxide, which 
produces sodium arsenate, antimonate, and 
stannate. On boiling this solution with excess 
of ammonium chloride, hydrated stannic oxide 
is precipitated ( v. J. Walker, Chem. Soc. Trans. 
1903, 83, 184; of. Caven, Chem. Soc. Proc. 
1910, 26, 176). 

(B) The precipftaie t insoluble in ammonium 
sulphide ia boiled with' nitric acid (1 vol. acid 
sp.£f. 1*29:2 vols. H 2 0), the residue dissolved 
in aqua regia, excess of acid expelled, and stan¬ 
nous chloride added ; a white precipitate (Hg 2 Cl 2 ) 
indicates mercury. Tho nitric ncid solution is 


evaporated to a small bulk with sulphuric acid, 
diluted with cold uatej and filtered ; white 
residue (PbS0 4 ) indicates lead. The filtrate is 
rendered ammoniacul, blue colour «* copper ; 
white precipitate (Bi(HO) 3 ) = bismuth, con¬ 
firmed by dissolving in hydroohloric acid and 
diluting considerably with water (BiOCl). The 
colour of the filtrate discharged by potassium 
cyanide (excess); the solution saturated with 
hydrogen sulphide, a yellow precipitate (CdS) = 
cadmium (confirmation is essential, since a yellow 
cyanogen derivative may bo precipitated at this 
stage). 

Group III. (phosphates absent) —The mixed 
hydroxides, suspended in water, are warmed with 
excess of sodium peroxide and filtered. A 
residue (Fe 2 0 3 \zH 2 0, which may contain some 
Mn() 2 ) indicates iron. The filtrate is divided into 
two parts, (i.) boiled with excess of ammonium 
chloride, white gelatinous precipitate (Al(OII) 3 ) 
— aluminium ; (ii.) acidified with dilute acetic 
ncid and lead acetate added, yellow precipitate 
(Pb('r0 4 ) = chromium. 

Group IIL (phosphates present).—If the 
original solution was acid, this group precipitate 
may contain phosphates insoluble m neutral or 
alkaline solutions. The sodium peroxide separa¬ 
tion is applied to one-third of tho precipitate; 
the remainder is dissolved in dilute hydro¬ 
chloric &cid, the Solution nearly neutralised 
with pure sodium carbonate, and treated 
successively with ammonium acetato, acetio 
acid, and ferric chloride until no further preci¬ 
pitate is produced and the solution is doep red. 
The mixture is boiled and filtered hot; the 
filtrate is then examined for the metals of 
Groups IV. and V., and for magnesium. The 
precipitate, which is neglected, contains ferric 
phosphate and basic fenic acetate. Ammonium 
formate may be used instead of acetate in this 
separation (Tower, J. Amer. Chem. Soc. 1910, 
32, 953). 

The phosphoric acid may also be removed 
by evaporating the filtrate from Group II. to 
dryness with nitric acid and granulated tin, 
when an insoluble residue is obtained consisting 
of metastannic and phosphostannic acids. 

Group IV.—The mixed sulphides, washed 
with hydrogen sulphide water, are dissolved 
in aqua regia, or hydrochloric acid and potassium 
chlorate. Excess of sodium hydroxide is added 
to the solution after expelling excess of acid ; the 
precipitate collected and the filtrate treated with 
hydrogen sulphide; white precipitate (ZnS) = 
zinc. The precipitated hydroxides are dissolyed 
in hydrochloric acid, excess of ammonium acetate 
added, and the solution saturated with sulphide. 
Any black precipitrte is removed and the 
filtrate rendered ammoniacal; pink precipitate 
(MnS) manganese. 

r £he black precipitate is tosted in the borax 
bead ; a brownish-yellow colour indicates nickel 
present and cobalt absent. If the bead is blue 
(-■cobalt), the precipitate is dissolved in hydro¬ 
chloric acid, potassium chlorate added, excess of 
acid expelled, and the solution nearly neutralised 
with sodium carbonate; excesB of potassium 
cyanide is then added, and the solution boiled 
in an open dish. An excess of sodium hypo¬ 
chlorite or freshly prepared sodium hypo- 
bromite is added to the warm solution; 
a black precipitate \Ni a O„i-H a O)=»«icfcei,* 
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the filtrate contains potassium cobalticyanide 
<K a Co(CN) § ). 

A quioker separation of the Group IV. 
sulphides may be effected by digesting them 
with cold dilute hydrochlorio acid (1 : 20 ). 
This treatment should bring the zinc and 
manganese into solution, leaving the sulphides 
of nickel and cobalt undissolved ; but it is gene¬ 
rally found that appreciable quantities of the 
latter metals arc present in the liltrate. Alterna¬ 
tive methods of detecting and separating nickel 
and cobalt are given unaor special reactions. 

Group V.—Dissolve the washed precipitate 
in dilute acetic acid, add aqueous potassium 
chromate; yellow precipitate (BaCr0 4 ) = ba¬ 
rium : filtrate boiled with concentrated aqueous 
ammonium sulphate; white precipitate (SrS0 4 )= 
strontium : final filtrate treated with ammonium 
oxalate; white precipitate (CaC« 0 4 ,a;H t 0 )*= 
calcium. Owing to their close relationship, a 
sharp separation of the three metals is extremely 
difficult. The following alternative process has 
been worked out (v. Bray, J. Amer. (Jhem. Soc. 
1909, 31, 611). 

The group precipitate, which may contain 
magnesium, is dissolved in 20 c.e. of 30 p.c. 
acetic acid, solution neutralised with ammonia, 

3 c.c. of acetic acid added, diluted to 40 c.e., 10 
c.c. of 20 p.c. potassium chromate slowly added, 
solution boiled for 2 rainutift; yellow jfcecipitate 
(BaCr0 4 ). Three c.c. of ammonia added to 
filtrate, diluted to 60 c.c., 50 c.c. of alcohol 
(95 p.c.) added ; after 10 minutes yellow pre¬ 
cipitate (SrCr0 4 ). Without washing this pre¬ 
cipitate, 200 c.c. of water are added to filtrate, 
the solution boiled, and 40 c.c. of 4 p.c. ammo¬ 
nium oxalate added; after 10 minutes white 
precipitate (CaC 2 0 4 ). Magnesium is precipitated 
in filtrate as a colourless crystallino precipitate 
(Mg(NH 4 )P0 4 ,6H,0) by adding ammonia and 
sodium phosphate. 

Group VI.—A portion of the filtrate from 
V. examined for magnesium (v. supra), the re¬ 
mainder evaporated to dryness and ignited to 
expel ammonium salts. The residue dissolved 
in a small bulk of water, the solution filtered 
if necessary, examined by flame test and 
divided into two parts, ( 1 .) piatinic chloride 
added; yellow crystallino precipitate (K a PfcCl a ) 
*= potassium; (ii.) potassium pyroantimonatc 
added; colourless crystalline precipitate 
(NagHjSbjO^QHjO) = sodium. 

Group Separation in the Presence of 
the Rarer Metals. 

In the presence of the less commonly occur¬ 
ring elements, the ordinary group separations 
require, in certain instances, to be modified 
very considerably. A systematic attempt to 
deal with this problem has recently been made 
by A. A. Noyes and his collaborators, to flhose 
original memoirs reference should be made for 
the exact working details of the necessarily 
somewhat complicated separations, an outline 
of whioh is given below (J. Amer. Chem. Soc. 
1907, 29, 137; 1908, 30, 481; 19„9, W 
611). 

It will be seen that the greater number of 
the rarer elements are precipitated by the re¬ 
agents of Groups II., III., and IV. of the fore¬ 
going analytical classification; but in the 
eoheme devised by Noyes, Groups III. and IV. 


are merged into one, and it is chiefly in this 
comprehensive group that the additional com¬ 
plications are to be found. 

Group I.—The precipitate mav oontain 
thnllons chloride and tungstic acid. The former 
is extracted by hot water, any dead separated 
as sulphate, when the filtrate treated withpotas- 
8 ium iodide gives a yellow precipitate (Til) *» 
thallium. The hydrated tungstic aoid, pre¬ 
cipitated by hydrochlorio acid from alkali 
tungstates, remains in the residue, and may 
be separated from lead and silver by fusion 
with sodium carbonate. The aqueous solution 
of alkali tungstate is boiled with zinc and hydro¬ 
chlorio acid, when the development of a blue 
colouration = tungsten. 

Group II.—Selenium, tellurium, molybde¬ 
num, gold, platinum and its allies,are precipitated 
by hydrogen sulphide in acid solution. Ex¬ 
traction of the group precipitate with yellow 
ammonium sulphide carries the greater part 
of these elements into the tin sub-group, but 
the separation is not quite sharp, for small but 
appreciable quantities of molybdenum, gold 
and the platinum metals remain in the insoluble 
sulphides of the copper sub-group. 

A. Copper sub-group—The precipitate boiled 

with dilute nitric acid (1 vol. of sp.gr. 1 ' 20 : 2 
vols. water) partially dissolves; the solution 
contains lead, copper, cadmium, and bismuth, 
while the residue contains mercury, gold, 
platinum, and a traco of tin. The insoluble 
portion is oxidised with bromine water, potas¬ 
sium chloride and hydrochloric acid are added 
and the solution concentrated; a yellow crystal¬ 
line precipitate (K 2 PlCl 4 ) *= platinum. The 
excess of acid is expelled from the solution, 
which is then rendered alkaljno and boiled with 
excess of oxalic acid; a brownish-black pre¬ 
cipitate = gold. • 

B. Tin sub-grpup.—The> sulphides are re* 

precipitated by dilute acid from their solution 
in ammonium sulphide, and digested for 10 
minutes with nearly boiling hydrochloric acid 
(sp.gr. 1 - 20 ); the solution contains tin and 
antimony, and the residue arsenic and the rarer 
elements. The residue is dissolved by strong 
hydrochloric acid and potassium chlorate; the 
solution concentrated to the crystallising point 
yields a yellow precipitate platinum. 

Tho filtrate, treated successively with ammonia 
and magnesia mixture (MgCl 2 ,2NH 4 €l with 
NH 4 *OIl), yields a colourless crystallino pre¬ 
cipitate (Mg(NH 4 )As0 4 ,6H 2 0) = arsenic. The 
filtrate from the double arsenate is evaporated 
to remove ammonia, and then boiled with oxalio 
acid, and the brownish-black precipitate {gold ) 
extracted with hydrochloric acid to dissolve 
any co-precipitated tellurous acid. The filtrate 
from the gold is concentrated and acidified with 
strong hydrochloric acid, and after removing 
any precipitated potassium chloride, sodium 
sulphite (m slight excess) is added when a red 
precipitate = selenium. The filtrate from se- 

1 ionium is diluted and treated successively 
with potassium iodide and solid sodium sulphite 
(excess!; the double jpdide, K a Tet tt , becomes 
reduced, and a black precipitate = tellurium. 
The final filtrate is boiled with hydrochlorio 
acid to expel sulphur dioxide, and to the cooled 
solution 10 p.c. potassium thiocyanate and 
stannous chloride (or a sorap of zinc) are 
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raeoewively added, when a red coloura¬ 
tion (MO(CNS)i) soluble in ether = molyb- 

ienum. 

Groups III and IV.—The filtrate from 
iroup IL is boiled to expel hydrogen sulphide, 
•eated with moderately strong ammonia, the 
flour of the precipitate being noted, and the 
mmoniacal mixture heated nearly to boiling 
nd treated with ammonium sulphide, or pre- 
irably, in the presence of nickel, with hydrogen 
dphido to saturation. In the presence of 
inadium the filtra.to has a reddish colour, 
id on adding hydrochloric acid brown van il¬ 
ium sulphide is precipitated. The acid filtrate 
boiled to expel hydrogen sulphide, and treated 
ith ferrio chloride and ammonia to precipitate 
ist traces of vanadium. The presence of this 
letal in the sulphide aijd ferrio hydroxide pro- 
pitates is confirmed by dissolving in nitric 
aid (sn.gr. 1 - 20 ), diluting and adding hydrogen 
eroxiae, when an orange-yellow colouration = 
inadium. 

The group precipitate is dissolved in 
ydrochloric acid (sp.gr. 112 ), adding, if 
eoessary, some nitric acid or bromine water, 
he solution is then boiled with hydrochloric 
aid to remove nitric acid, and treated in a 
latinum dish with 40 p.c. hydrofluoric acid, 
ad evaporated to dryneHs. An insoluble 
ssiduo indicates the fluorides of the rare earth 
letals (thorium, cerium, yttrium, erbium, &c.); 
ae aqueous extract, which contains all the other 
letals of this analytical group, is evaporated 
acoessively with hydrochloric and nitric ecids. 
he insoluble fluorides are decomposed by hot 
dphurio aoid, and the resulting sulphates of 
ae rare earth metals subjected to special testa 
Dr these elements. , 

The nitrio acid solution of tho other metals 
f the«group is treated successively with caustio 
oda solution, dry sodium peroxide, and aqueous 
odium carbonate, when a precipitate B and 

filtrate A are obtained. This treatment 
sp&rates these metals into two sub-groups, and 
be method is valid even when phosphates are 
resent. 

A. The aluminium sub-group (may contain 
odium gluoinate, zinoato, aluminate, vanadate, 
hromate, and peruranate). The solution is 
nidified with nitrio aoid (sp.gr. 1-42) and diluted 
onsiderably, solid sodium hydrogen carbonate 
idded in moderate excess and the mixture heated 
u a stoppered bottle. The precipitate (contain- 
ug zino, glucinum, and aluminium) is dissolved 
n hydrochloric acid, and the solution rendered 
onmonidcal; the zinc remains in solution, 
vhile the hydroxides of gluoinum and alu- 
oinium are precipitated. These hydroxides are 
lissolved in strong hydrochloric acid, ether 
1*5 vols.) is added, and tho cooled solution 
aturated with hydrogen chloride, white crystal¬ 
line' precipitate (AlCl„fiH a O) = aluminium. 
L'he ethereal filtrate is evaporated, treated with 
immonia, any precipitate dissolved in 10 p.c. 
lodium hydrogen carbonate, the solution 
latunted with nydrogen sulphide; the filtrate 
l roin any precipitated sulphide is acidified, 
Dolled, and rendered ammoniaoal, when a white 
toeoulant precipitate (Gl(OH),) *= tflucinum. 

The filtrate obtained from tne first treatment 
ivith sodium hydrogen carbonate is acidified 
fith nitrio acid, and just neutralised with 


caustic soda; 2 o.o. of nitrio aoid (sp.gr. 1 ’20 
and 20 o.o. of 20 p.c. let^i nitrate are added ; 
yellow precipitate ==> chromium. The lead is 
removed with hydrogen sulphide, the excess of 
gas boiled off, vanadyl salts oxidised to vanadates 
with bromine, any excess of this reagent being 
removed by boiling. The solution, after 
neutralisation with ammonia, is treated suc¬ 
cessively with 5 c.c. of 30 p.c. acetic acid, 2 
grams of ammonium sulphate (or nitrate), and 
2 grams of sodium phosphate; the mixture is 
heated to boiling, when a white precipitate 
(U0 2 (Nri 4 )P0 4 ) = uranium. Tho final filtrate 
is rendered ammoniaoal, saturated with hydrogen 
sulphido, acidified with acetic acid, and boiled ; 
dark precipitate = vanadium. 

B. The iron-manganese sub-group (may con¬ 
tain the hydroxides and phosphates of iron, 
manganese, cobalt, nickel, zinc (traces), titanium, 
and zirconium, together with caloium, strontium, 
barium, and magnesium, as carbonates and 
phosphates). The precipitated hydroxides, &c., 
are dissolved in hydrochloric acid, the solution 
evaporated down with strong nitric acid, and 
treated with 0-5 gram of solid potassium 
chlorate; brown precipitate =* manganese. A 
portion of the filtrate tested for phosphoric acid, 
when, if present, the remainder is treated with 
ammonium hydroxide till nearly alkaline, and 
boiled with feme •chloride and ammonium 
acetate. Tho filtrate contains the ordinary 
metals of Groups III. and IV., together with 
magnesium; the precipitate consists of the 
hydroxides, phosphates, and basic acetates of 
iron, zirconium, titanium, and possibly thallium 
(tervalent). This precipitate is dissolved in 
hydrochlorio acid (sp.gr. 1*12), and the solution 
shaken with an equal volume of ether. The 
ethereal extract contains ferric and thallio 
chlorides; the hydroohlorio aoid solution the 
zirconium and titanium. The latter is evapo¬ 
rated down with sulphuric aoid until the hydrogen 
ohloride is expelled, the residue taken up with 
water and treated with hydrogen peroxide and 
subsequently with sodium phosphate; orange- 
yellow oolouration (TiO 8 ) = titanium; white 
flocculent preoipitate (Zr(0H)-P0 4 ) = zirco¬ 
nium. The final filtrate is reduced with 
sulphurous aoid, when a white flooculent pre¬ 
cipitate (Ti(OHyP0 4 ) oonfirms titanium. 

Groups V. and VI.—In the presence of 
lithium it is preferable to precipitate magnesium 
in the caloium group. The filtrate from Groups 
III. and IV. is concentrated to 10 o.c. and treated 
with 30 c.c. of 20 p.o. ammonium oarbonate and 
30 c.c. of 95 p.c. alcohol. After 30 minutes the 
precipitation is oomplete, the magnesium being 
present as the double carbonate (MgCO,, 
(NH 4 ) 2 C0 3 ,4H a 0). The treatment of the group 
precipitate has already been described under 
Group V. ( v. supra). The filtrate is evaporated 
to dryness and ignited. The residue is taken 
up with 10 c.c. of water, and one-third tested 
for lithium by adding 0*5 o.c. of 10 p.o. cauatie 
soda and 2 c.c. of 10 p.o. Bodiura phosphate, 
heating to boiling and adding 1 o.o. of alcohol, 
white precipitate (Li 3 P0 4 ) = lithium. The fil¬ 
trate from this phosphate lb tested for potassium 
by adding acetic acid and sodium cobaltini trite, 
Tne remaining two-thirds of the solution, con¬ 
taining the alkali metals, are tested for sodinm 
by potassium pyroantimonate after removing 
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the lithium as fluoride by ammonia and am- | 
monram fluoride. # 

Examination (or Aeldi. 

Although it is not possible to separate the 
acidic radios Is into a limited number of groups, 
each having a group reagent, yet the reactions 
may be divided into (i.) preliminary tests made 
on the original solution or substance ; and (ii.) 
systematic tests made on suitably prepared 
solutions. The reactions may be conveniently 
carried out in the following order :— 

L Preliminary tests (compare dry reactions). 

1. The original substance or solution is 
warmed with dilute hydrochloric or sulphurio acid. 

A gas is evolved, carbon dioxide, turning lime 
water milk y = carbonate ; sulphur dioxide =* sul¬ 
phite i hydrogen Bulphide, blackening lead acetate 
paper ^sulphide (not all); nitrous fumes =niintc; 
hydrogen cyanide, odour of bitter almonds = 
cyanide. 

2. The original substance or solution 
warmed slowly with strong solution of sodium 
dichromate slightly acidified, carbon dioxide 
evolved, confirms carbonate in presence of 
sulphite. 

3. Heating with concentrated sulphuric acid .— 
The foregoing gases may be evolved, and in 
addition the following :— 

(o) Colourless: • • 

Fuming acid gas etching glass — fluoride; 
fuufing acid gas not etching = chloride; odour 
of vinegar = acetate ; carbon monoxide, blue 
flame =formate, ferrocyamde ; carbon monoxide 
and dioxide « oxalate ; sulphur dioxide and 
sulphur sublimate = thiosulphate . 

(b) Colour. 

Orange vapour, bromine = bromide; violet 
vapour and hydrogen sulphide *= iodide ; nitrous 
fumes — nitrite, nitrate ; oxideB of carbon and 
sulphur with charring = tartrate, citrate, malate ; 
yellow explosive chlorine oxide = chlorate. 

4. Heating with alcohol and concentrated 
sulphuric acid, green flame = borate. Before 
performing this test chloratos must be decom¬ 
posed by igniting the original substance, other¬ 
wise an explosion may result. 

5. Heating with concentrated sulphuric acid 
and sand, a colourless gas (SiF 4 ), giving a 
gelatinous precipitate on moist rod, confirms 
fluoride. 

IL Systematic tests. —Before testing a solution 
for acids, boil with excess of pure sodium 
carbonate to remove heavy metals, filter, and 
carefully neutralise with nitric acid. 

1. Barium chloride in neutral solution yields: 
(a) a white precipitate, insoluble in hydro- 
chlorio acid = sulphate, jilicofluoride; (/3) a 
white precipitate, soluble in hydrochloric acid 
t=a sulphite, carbonate, phosphate, oxalate, borate, 
fluoride, silicate, tartrate ; (y) a yellow precipi¬ 
tate *■ chromate. 

2. To a portion of the noutral solution add 
calcium chloride in exoess, allow to stand for 
some time with occasional shaking, and filter. 
A white precipitr te (a) insoluble in aoetio acid 
■a oxalate ( sulphate in strong solutions); ( 0 ) 
soluble in acetic acid » phosphate, borate, and 
other acids precipitated by barium chloride. 

Calcium tartrate after washing is soluble in 

e h, and is re-preoipitated on diluting and 
g. 


The filtrate from the preoipitate in the cold 
is boiled for some time ana filtered hot; a white 
precipitate =* citrate (malate in strong solutions). 
The filtrate from this preoipitate is allowed to 
cool and then mixed with exoess of alcohol; a 
white preoipitate -» succinate, malate. 

3. Silver nitrate in neutral solution yields: 

(a) A precipitate soluble in nitric acid. 

(1) White = oxalate, borate, tartrate, ben¬ 
zoate, &o. 

(2) Yellow S3 phosphate, arsenile. 

(3) Brick-red ** arsenate. 

(4) Dark-red =» chromate. 

(0) A precipitate insoluble "in nitrio aoid. 

Soluble in ammonia: White = chloride ( hy¬ 
pochlorite), cyanide, thiocyanate ; yellowish-white 
=* bromide ; orange-red = ferricyanide ; white 
= jerrocyanide (sparingly soluble). 

Insoluble in ammonia : Yellow => iodide ; 
black = sulphide. 

4. Ferric chloride in neutral solutions yields: 

(a) A colouration : blood-red = acetate, for- 

mate (precipitate on boiling), thiocyanate (no 
preoipitate on boiling); violet = salicylate, 
thiosulphate (fugitive); bluish-black = tannate, 
qallate ; greenish-brown = ferricyanide (dark- 
blue precipitate on adding stannous chloride). 

(0) A precipitate : buff = benzoate, carbon¬ 
ate ; reddish-brown = succinate ; white = phos¬ 
phate ; black =* sulphide; bluish- or greenish- 
black = tannate, gallate. 

Sulphur acids. (I) Detect sulphate by barium 
chloride, and sulphide by lead acetate, &c. 
Make part of the solution slightly alkaline with 
potash, add zinc sulphate in considerable ex¬ 
oess, and filter. Test one part of the filtrate 
for thiosulphate by means of hydroohlorio acid ; 
to the other part add acetic aoid till faiiUly 
acid, sodium nitroprusside *n small quantity, 
and potassium ferrocyanide ; a pink precipitate 
indicates a sulphite. 

(2) Separation of soluble sulphates, sulphites, 
sulphides, and thiosulphates in neutral solution. 
Precipitate sulphide as CdS, PbS, or ZnS by 
adding cadmium carbonate or lead oarbouate 
sludge or zino chloride solution. Add strontium 
nitrate and leave for 12 hours; the preoipitated 
strontium sulphate and sulphite separated by 
hydroohlorio acid, the filtrate contains the 
thiosulphate , decomposed by strong hydro¬ 
chloric acid, giving sulphur and sulphur dioxide 
(Autenrieth and Windaus, Zeitsch. anal. Chem. 
1898, 37, 295). 

Chloride, bromide, and Iodide. (1) Place the 
substance in a small flask connected with a 
small bulb U-tube containing a little starch 
paste and plaoed in a beaker of water. Add 
water and ferric sulphate solution to the sub¬ 
stance in the flask, and heat to boiling. If 
iodine is present, the starch paste becomes blue. 
Remove the cork, boil with fresh additions of 
ferric sulphate till all iodine is expelled. Now 
add a few crystals of potassium permanga¬ 
nate, connect with a bulb tube containing 
chloroform, and again boil. If bromine is 
present, the chloroform is coloured brown. Boil 
with addition of more permanganate until all 
bromine is expelled, filter and test filtrate for 
chlorine (Halffi, Amer. Chem. J. 1884, 6, 346). 

(2) After iodine has been detected by means 
of nitrogen oxides in sulphurio acid, evaporate 
part of the solution to dryness with sodium 
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carbonate, fuse with ten times its weight of 
potassium dichromate till all iodine is expelled, 
place in a small dry retort, and heat with strong 
sulphuric acid. Part of the distillate ifl agitated 
with water and carbon disulphide; if bromine 
is present, the latter becomes orange-red. The 
remainder of tne distillate is neutralised with 
ammonia, and tested for chromic acid by acidi- 
fying with acetic acid and adding lead acetate. 
The presence of chromic acid indicates the pre¬ 
sence of chlorine in the original substance. 

(3) A neutral solution of the three halides 
is treated with potassium iodato and dilute 
aootio acid; as iodine is liberated, more iodate 
is addod and the solution boiled until all the 
iodine is eliminated. The solution is mixed 
with half its volume of 5jV-nitrie acid, bromine 
is evolved and the solution boiled till colourless 
A little potassium iodide addod to destroy the 
iodato in excess, and the solution boiled till 
oolourloss, then an equal volume of strong nitric 
acid and a few drops of silver nitrate are added, 
w'hon a white precipitate indicates a chloride; 
The strong nitric acid holds in solution any 
trace of silver iodate. If thiocyanic acid is 
present, the tost for iodine must be made in a 
small portion of the original solution, adding 
sodium acetate as well as acetic acid to depress 
the dissociation of the latter (Benedikt and 
Snell, J. Amer. Chem. Soc. 1903, 25, 809). 

Other acids must be detected by special tests. 
Iodine, and ferrocyanides and ferricyanides must 
be removed before testing for nitrates. 

To remove iodine, ferrocyanic, /err icy ante, 
and thiocyanic acids, add excess of a mixture of 
ouprie and ferrous sulphates, and filter. To 
remove excess of copper and iron (which is not 
always necessary) heat to boiling, add slight 
excess of pure caustic potash or soda, and filter. 

Tq remove bromine and iodine , acidify with 
dilute sulphuric acid, and boil with successive 
additions of potassium permanganate until the j 
liquid has a faint permanent pink tinge ; filter. | 

To remove, hypochlorous and nitrous nerds, 
acidify with dilute sulphuric acid, and boil. 
Nitrous aoid oan also bo decomposed by boiling 
with a strong solution of ammonium chloride. 

For an alternative classification of the acidic 
radicals into analytical groups, compare T. Milo- 
bendski (J. Rush. Phys. Chem. Soc. 1909, 41, 
1301; 

Special Reactions. 

In the following lists only the most charac ■ 
fceristic and useful reactions havo been given; 
negative reactions, and others not particularly 
■characteristic, have, as a rule, been omitted (sec 
also Dry reactions). 

Metals. 

The metals are arranged in the order of their 
occurrence in the systematic separation. 

Sliver. 

Hydrochloric acid, a white precipitate (AgCl), 
insoluble in hot water and in nitric acid ; soluble 
iu ammonia and reprecipitated by nitric acid in 
excess. Potassium chromate, a dark-red pre 
cipitate (Ag,Cr0 4 ); soluble in mineral acids 
and decomposed by caustic alkalis. Potassium 
cyanide, white precipitate (AgCN)f soluble in 
excess to KAg(CN) 2 . 

Lead. . 

Hydrochloric acid , a white precipitate (PbOl*), 


soluble in hot water, from which it crystallises 
on oooling; insoluble in t ammonia. Hydrogen 
sulphide, a black precipitate (PbS), insoluble in 
ammonium sulphide (m presence of hydrogen 
halides, intermediate red compounds are pro¬ 
duced, e.g. PbS,4PbI a , J. Amer. Chem. Soc. 
1895, 17, 511 ; 1901, 23, 680); soluble in nitric 
acid. Sulphuric acid, a white precipitate 
(PbS0 4 ), soluble in hot hydrochlorio acid ; in¬ 
soluble in dilute sulphuric acid ; soluble in 
ammonium acetato (Noyes and Whitcomb, 

J. Amer. Chem. Soc. 1905, 27, 747). Potassium 
| chromate, yellow precipitate (PbCr0 4 ), in- 
! soluble in acetic acid ; soluble m potassium' 
hydroxide. 

Thallium. 

Hydrochloric acid, white precipitate (TICl), 
only slightly solublo in hot water. Potassium 
rodtde, pale-yellow precipitate (Til), even in 
! dilute solutions. Sulphuric acid, no precipitate 
I (diff. from Pb). Sodium cobaltinitrite gives red 
1 crystalline precipitate (Tl a Co(N0 2 ) a ) (J. Russ. 
Phys. Chem. Soc. 1910, 42, 94). 

Tungsten. 

Hydrochloric nerd, a yellowish-white pre¬ 
cipitate (H 2 W0 4 ), insolublo m excess of the 
dilute acid; solublo in the concentrated aoid 
and in tartaric acid; fragments of zinc added 
to this solution produce a blue colouration. 
Slannousmchlorido, » yellow precipitate, which 
becombs blue if mixed with hydrochloric acid 
and heated. Ammonium sulphide, no precipitate 
w ith sodium tungstate, but on acidifying, light- 
brown precipitate (WS 3 ),insoluble in hydrochloric 
acids, soluble in ammonium sulphide. 

Mercury. 

Mercurous compounds . Hydrochloric 

acid, white precipitate (Hg 2 Cl 2 ), insoluble in 
hot water ; insoluble in ammonia, but blackoned 
(NH 2 Hg 2 Cl). Stannous chloride, grey precipi- 1 
tatc (Hg). Metallic copper, becomes coated w ith 
mercury, which can be sublimed. 

M er cur ic compounds. Hydrogen sulphide. 
white precipitat e, becoming yellow, red, and then 
black (HgS); insoluble m ammonium sulnhide ; 
appreciably soluble in alt alisulphides( Hg(SNa) t ), 
insoluble in nitnc acid ; soluble in aqua re^ia. 
Stannous chloride, white precipitate (Hg 2 Cl a ), 
becoming grey (Hg) with excess of the reagent. 
Potassium iodide, scarlet precipitate (Hgl 2 ), 
soluble in excess. Metallic copper, as mercurouB 
salts. For detection of minute traces of mercury, 
as in toxicological inquiries by electrolytic and 
spectroscopic methods, see Browning (Chem. 
Soc. Trans. 1917, 111, 236). 

Bismuth. 

Hydrogen sulphide, brown precipitate (Bi t S|), 
insoluble in ammonium sulphide; soluble in 
nitric acid. Ammonia, white precipitate 
(Bi(HO)a), soluble in hydrochloric acid. Water 
m lafgc excess (with previous addition of am¬ 
monium chloride if chlorides are absent), white 
precipitate (BiOCl), soluble in hydrochloric acid ; 
insolublo in tartaric acid. Reducing agents 
(sodium stannite, hypophosphites, hydrosul- 
lutes, formaldehyde in alkaline solution) reduce 
ismuth compounds to elemental bismuth. 
Copper. 

Hydrogen sulphide, black precipitate (CuS), 
insoluble in ammonium sulphide and in dilute 
sulphuric acid; soluble in nitric acid and in 
potassium cyanide. Ammonia, blue precipitate, 
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soluble in "excess tax dark-bine solution. Polos- | 
tium ferrocyanide, chocolate-brown precipitate, j 
insoluble in dilute acids ; in very dilute solutions 
colouration only; decomposed by sodium 
hydroxide, yielding blue copper hydroxide. 
Cadmium. 

Hydrogen sulphide, yellow precipitate (CdS), 
insoluble in ammonium sulphide and potassium 
cyanide; soluble in nitric acid and hot dilute 
sulphuric acid. Ammonia , white procipitate 
(CaH 2 O a ), readily soluble in excess. Caustic 
potash or soda, white procipitate (CdH 2 () 2 ) 
insoluble in excess. An ammoniacal solution 
of ammonium perchlorate precipitates white 
double perchlorate (Cd(C’K) 4 ) a '4NH 3 ). 

Tin. Tf , 

Stannous com pounds. Hydwycn sul¬ 
phide, dark-brown precipitate (SnS), soluble in 
yellow but not in colourless ammonium sul¬ 
phide. Mercuric chloride, white precipitate 
(Hg 2 Cl g ), becoming grey (Hg). 

Stannic compounds. Hydrogen sulphide, 
yellow precipitate (SnS 2 ), soluble in ammonium 
sulphide; appreciably soluble in ammonium 
carbonate (Ber. 181)4, 27, 273!)); soluble in 
concentrated hydrochloric acid; dissolves in 
aqueous caustic soda. Stannic chloride, boiled 
with copper becomes stannous chloride. When 
zinc and platinum are placed in the solution, 
no black stain on the platinum ; crystyls of tin 
on the zinc. 

Antimony. . . #ou x 

Hydrogen sulphide, orange precipitate (&b 2 b 3 ), 
soluble in ammonium sulphide and m concen¬ 
trated hydrochloric acid ; insoluble in ammo¬ 
nium carbonate. Water in excess (with ammo¬ 
nium chloride if chlorides are absent), white 
precipitate (SbOCl), soluble in hydrochloric acid 
and in tartaric acid. Zinc and platinum, a 
black stain on the platinum (Sb), soluble in 
nitric acid and in ammonium sulphide. 

Arsenic. 

Hydrogen sulphide, yellow precipitate, soluble 
in ammonium sulphide and in ammonium car¬ 
bonate ; insoluble in concentrated hydrochloric 
acid. Metallic copper, boiled with the liquid after 
acidifying with hydrochloric acid, is covered with 
a shining grey deposit (As a Cy a ), which, when 
heated in a tube, yields a sublimate of arseninus 
oxide (Reinsoh’s test) (Clark, Chem. Soc. 1 rans. 
1893, 63, 884, 886). Nascent hydrogen produced 
from zinc and dilute sulphuric acid reduces 
arsenic compounds to volatile arsine (AsH 3 ), 
which decomposes on gently heating, giving an 
arsenio deposit soluble in aqueous hypochlorites. 
Antimony compounds under these conditions 
also give a black deposit (antimony), insoluble 
in hypoohlorites (Marsh’s tj^st). Zinc and caustic 
soda reduce arsenic compounds, liberating arsine, 
which produces a yellow-to-brown stain on 
mercuric chloride paper (Gutzeit’s test, Ohem. 
Soc. Trans. 1901, 79, 716). 

Arsenites. Ammonio-silver nitrate, yellow 
precipitate (AgjAsOa), soluble in nitric acid and 
ammonia. Ammonio-cupric sulphate, bright- 
green precipitate (CuHAsO a ), turns red by 
boiling with caustic soda. 

A rsenates. Ammonio-silver nitrate, brick- 
red precipitate (Ag a As0 4 ), soluble in nitric acid 
and ammonia. Ammonium chloride, ammonia , 
and magnesium sulphate, white crystalline pre¬ 
cipitate (NH 4 MgAsO^). Ammonio-cupric sul¬ 


phate f pale-blue precipitate, turned black by 
boiling with caustic soda. 

When arsenic acid or arsenates are present, 
they should be reduoed by heating with sul¬ 
phurous acid or ammonium iodide or hydriodic 
acid (Bull. Soc. chim. Bel^. 1909, 23, 88) before 
applying hydrogen sulphide or* Reinsoh’s test 
(Usher and Travers, Chom. Soc. Trans. 1905, 
87, 1370). 

Platinum. 

Hydrogen sulphide, brown precipitate (PtS a ) 
on heating, soluble m ammonium sulphide. 
Ammonium chloride or potassium chloride, 
yellow crystalline precipitate (M 2 PtCl 8 ), less 
soluble in preseneo of alcohol. Potassium iodide, 
in dilute solution red colouration (K,PtI e ), 
very delicate test. Stannous chloride, in dilute 
solution, brownish-red % colouration, delicate 
test. 

Palladium. 

Hydrogen sulphide, black precipitate (PdS), 
insoluble in ammonium sulphide; soluble in 
hot hydrochloric acid and in aqua regia. Potas- 
6iurn iodide, black precipitate (Pdl 2 ), somewhat 
soluble in excess. Mercuric cyanide, yellowish 
white, gelatinous precipitate (PdCyA readily 
soluble in ammonia. Ammonium chloride, no 
precipitate (difT. from Pt); on addition of chlorine 
water, orange precipitates ((NH 4 )-PdCl fl ). Potas¬ 
sium chloride, precipitate (2RCrPdCl a ) only in 
, very concentrated solutions. 

a-NitrobO-3-naphthol dissolved in 50 p.c. 
acetic acid gives a voluminous red-brown pre¬ 
cipitate in solutions containing only as little as 
1 part palladium in 1,000,000. 

Iridium. , . „ • 

Hydrogen sulphide, decolonisation followed 
by brown precipitate (lr 2 S 3 k soluble in ammo¬ 
nium sulphide. Caustic potash, a greemsh 
colouration which, on heating with exposure to 
air, changes slowly to azure blue (diff. from Pt). 
Ammonium chloride or potassium chloride, dark- 
brown or red precipitate (double chlonde), 
insoluble in a saturated solution of the precipi¬ 
tant. Both salts become olive green with 
potassium nitrite and o^ier reducing agents, 
especially in hot solutions. Strong sulphuric 
acid and ammonium nitrate, on heating, blue 
colouration. 

Osmium. ., , j t . . . 

Hydrogen sulphide, in acid but not m neutral 
solution, black precipitate (OsS 4 ), insoluble in 
ammonium sulphide. Nitric acid on boiling 
oxidises osmium compounds to osmic tetroxide 
(Os0 4 ), characteristic odour and yellow solution 
m caustic soda. 

Ruthenium. 

Hydrogen sulphide, blue solution followed by 
brown precipitate of ruthenium sulphide. 
Sodium thiosulphate in ammoniacal solution to 
dilute solutions of ruthenium, a purplish-red 
colouration. Zinc reduces Ru01 a , giving a blue 
solution and then precipitating ruthenium. 
Rhodium. , 

Hydrogen sulphide, on warming, black pre¬ 
cipitate (Rh a S s ), insoluble in ammonium sul¬ 
phide; soluble in boiling nitric acid. Potassium 
nitrite, warmed with sodium rhodium chloride, 
gives orange*yellow precipitate (K a Rh(NO a ) # ) 

Hydrogen sulphide, black precipitate (AujSj) 
in cold, brown, precipitate (Au a S) in hot, sola- 
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fcion; soluble in yellow ammonium sulphide. 
Oxalic acid or ferrous sulphate, brown or purple 
precipitate, yellow and lustrous when rubbed. 
Stannous and stannic chlorides , purplish pre¬ 
cipitate, insoluble in hydrochloric acid. 
Hydrogen peroxide , in very dilute alkaline solu¬ 
tion, liberated finely divided gold having a 
beautiful blue shimmer. 

A solution of colourless m-phenylenediamine 
(5 : 1000) gives an immediate violet colouration 
with a dilute solution of a gold salt. 

Molybdenum. 

Hydrogen sulphide, brownish-black precipi¬ 
tate ^MoS 8 ) on heating, soluble in ammonium 
sulphide. Sodium phosphate , in presence of 
nitric acid, yellow precipitate on heating, 
soluble in ammonia ana in excess of the alkaline 
phosphate. Potassiun\ thiocyanate and zinc or 
Btannous chloride, red colouration due to 
Mo(CNS) 4 soluble in ether. Concentrated sul¬ 
phuric acid, when strongly heated with moly¬ 
bdenum compounds, develops a deep-blue 
colouration. Phenylhydrazine, in 50 p.c. acetic 
acid, red colouration (Ber. 1903, 30, 512). 

Hydrogen peroxide, in presence of ammonia 
gives a oherry-red colouration. 

Selenium. 

Hydrogen sulphide, yellow precipitate, be¬ 
coming dark on heating, soluble in ammonium 
sulphide. Sulphurous acid, in presence of hydro¬ 
chloric acid, a red precipitate, which becomes 
grey on heating, and is soluble in potassium 
cyanide. Stannous chloride and other reducing 
agents behave in a similar manner. Barium 
chloride, (i.) whit© precipitate (BaSeO,), soluble 
in dilute hydrochloric acid ; (ii.) white precipitate 
(BaSe0 4 ), insoluble in dilute hydrochloric acid ; 
soluble in the strpng acid, evolving chlorine. 
Concentrated sulphuric acid, green colouration. 

Tellurium. 

Hydrogen sulphide, brown precipitate (TeS 2 ) 
at onoe from tellurites, but from tellurates only 
after boiling with hydrochloric acid. Potassium 
iodide, to tellurite in acid solution, black pre¬ 
cipitate (Tel 4 ). Reducing agents (SnCl„Zn), 
black precipitate (Te). Concentrated sulphuric 
acid, carmine colouration. 

Aluminium. 

Ammonia, white gelatinous precipitate 
(AlHjO,), insoluble in excess and in ammonium 
carbonate ; % soluble in acids. Caustic potash or 
soda, white gelatinous precipitate (A1 3 H0 3 ), 
soluble in excess; reprecipitated on adding 
ammonium chloride and heating. 

Chromium. 

Chromic salts. Ammonia, groonish or 

Q lish precipitate (0rH 3 0 8 ), soluble in acids; 

uble in ammonium carbonate. Caustic 
potash or sodi, green precipitate (CrH 3 0 3 ), 
soluble in excess, but reprecipitated on boiling. 

Chromates. Hydrogen sulphide in acid solu¬ 
tion, reduction to chromic salt with change of 
colour to green. Lead acetate, bright yellow 
precipitate (PbCr0 4 ), insoluble in aoetio acid. 
Silver nitrate, dark-rod precipitate (Ag s Cr0 4 ), 
soluble in nitric acid. 

Iron. 

Ferrous salts, Ammoniumsulphide, black 
precipitate (FeS), soluble in acids. • Ammonia or 
caustic potash or soda, white precipitate, rapidly 
becoming green and then brqwn. Potassium 
ferrocyanide, white precipitate, gradually be¬ 


coming dark blue. Potassium ferricyanide, 
dark-blue precipitate (Fe|(FeCy 4 ) t ). Potassium 
thiocyanate, no reaction. 

Ferric salts. Ammonium sulphide, black 
preoipitate (2FeS + S, or Fe 2 S t ), soluble in 
acids. Ammonia or caustic potash or soda, 
reddish-brown precipitate (FeH t O t ), soluble in 
acids. Potassium ferrocyanide , dark-blue pre¬ 
cipitate (Fe 4 (FeCy 4 ) # ), insoluble in dilute acids. 
Potassium ferricyanide, no precipitate ; greenish- 
brown colouration. Potassium thiocyanate, 
blood-red colouration ; not affected by boiling 
or by hydrochloric acid. 

Thorium. 

Ammonia, caustic soda, or potash, white 
gelatinous precipitate (Th(OH) 4 ), insoluble in 
excess. Ammonium or sodium carbonate, white 
precipitate, basic carbonate; soluble in excess. 
Oxalic acid, white precipitate (Th(C 3 0 4 ) i4 ,2H 8 0), 
insoluble in excess and insoluble in mineral acids, 
but soluble in ammonium oxalate. Potassium 
fluoride or hydrofluoric acid, white precipitate 
(ThF 4 ). Potassium sulphate, white crystalline 
precipitate (2K 2 S0 4 ,Th(S0 4 ) 2 ,2H 2 0). 

Cerium. 

Ammonia, white precipitate of basic salt, in¬ 
soluble in excess. Caustic potash or soda, white 
precipitate (Ce(OH) 8 ), insoluble in excess; be¬ 
comes yellow when exposed to air. Oxalic acid, 
white pa.cinitate (flo 2 (C 3 0 4 ) 3 ), insoluble in ex¬ 
cess, but soluble in a large quantity of hydro¬ 
chloric acid. Potassium sulphate, white pre¬ 
cipitate even in somewhat acid solutions 
(CeKj(S0 4 ) 3 ), insoluble in saturated solution 
of potassium sulphate. Hydrogen peroxide, in 
ammoniaoal solution, orange-brown precipitate. 

Gluclnum. 

Ammonia, white precipitate (GlH 2 OA in¬ 
soluble in excess. Caustic potash or soda, the 
same precipitate, soluble in oxcess, but repre- 
oipitated on boiling (diff. from Al). Ammonium 
carbonate, white precipitate, easily soluble in 
excess (diff. from Al). 

Glacial acetic acid dissolves Gl(OH) 2 or G1C0 3 , 
and the residue, after evaporating to dryness, is 
the basic acetate (G^OlCHj-CO,)-), readily 
soluble in chloroform, other, acetone, the aloohols, 
and other organic media; dissolves unchanged 
in glacial acetic acid; it melts at 283®-284°, and 
can be sublimed without decomposition. Sodium 
hydrogen carbonate, 10 p.c. dissolves Gl(OH) a ; 
dilution to 1 p.c. causes reprecipitation. 
Uranium. 

Ammonia, caustic potash, or soda, yellow pre¬ 
cipitate, insoluble in excess, but readily soluble 
in ammonium carbonate. Ammonium sulphide, 
brown precipitate, readily soluble in ammonium 
oarbonate. Potassiygn ferrocyanide, ohooolate- 
brown precipitate, readily decomposed by 
alkalis, yielding yellow alkali diuranates. 

Titanium. 

Ammonia, caustic potash, or soda, or ammo¬ 
nium sulphide, white precipitate (H.TiO a ), 
insoluble in excess; soluble in dilute sufphurio 
and hydroohloric acids. Potassium ferrocyanide, 
dark-brown precipitate. -Sodium thiosulphate, 
complete precipitation on boiling. Hydrogen 
peroxide, to a slightly acid solution of titanium 
sulphate ; orange-red colouration; weakened by 
fluorides. A solution of thymol in acetic acid 
mixed with sulphuric acid gives a more intense 
colouration, also bleached by fluorides. Reduc* 
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ing agenta (SnCl 8 or Zn and HOI) produce a 
violet colouration (TiCl 8 ). 

Catechol added to dilute solutions of titanic 
or titanous salts, yellowish-orange oolouration, 
very delicate test, but interfered with by mineral 
acids or alkalis (Ber. 1909, 42, 4341). 

Zirconium. 

Ammonia, ammonium sulphide, caustic soda, 
white gelatinous precipitate, dissolving in dilute 
acid, but less readily after boiling ; precipitation 
prevented by tartaric acid. Oxalic acid, white 
precipitate (Zr(C a 0 4 ) 2 ), readily soluble in am¬ 
monium oxalate or in excess of oxalic acid. 
Hydrogen peroxide, wliite milky precipitate 
(Zr«0 5 ), evolving chlorine when boiled with 
hydrochloric acia. Turmeric paper, moistened 
with acid solution of zirconium salt, becomes 
reddish-brown on drying. 

Zinc. 

Ammonium sulphide, white precipitate (ZnS), 
soluble in dilute hydrochloric acid ; insoluble in 
acetic aoid and in alkalis. Caustic potash or 
soda, white precipitate (ZnH 8 0 2 ), soluble in 
excess. Potassium ferrocyanide, white pre¬ 
cipitate, insoluble in dilute hydrochloric acid 
(Zn«FeC!y 6 ). 

Manganese. 

Ammonium sulphide , pink precipitate (MnS), 
soluble in dilute hydrochloric acid and in 
acetic acid. Caustic potash^or soda, wfcite pre¬ 
cipitate (MnH 2 O g ), insoluble in excess, becoming 
brown on exposure to air. Boiled with dilute 
nitric acid and lead peroxide (in absence of 
chlorine), a purplish crimson solution of per¬ 
manganic acid. 

Nickel. 

Ammonium sulphide, black precipitate (NiS), 
somewhat soluble in excess; insoluble in cold 
dilute hydrochloric acid ; soluble in strong acids. 
Caustic potash or soda, pale-green precipitate 
(NiH 2 0 2 ), insoluble in excess. Potassium cyanide, 
precipitate (NiCy 8 ), soluble in excess, forming 
NiCy 2 ,2KCy, which is not altered when boiled 
with exposure to air. This solution, heated 
with excess of sodium hypochlorite solution, 
or mixed with bromine in the cold, yields a 
, precipitate of black nickelic hydroxide (NiH„0 8 ). 
Dimethylglyoxime (CH 3 - C(NOH) - C(NOH)'CH 8 ) 
(Tsohugaen, Ber. 1905, 38, 2520), added to am¬ 
mo niacal or aoetic acid solution of nickel salts, 
scarlet preoipitate (distinction from cobalt). 
Dicyanodiamidine (H. Grossmann and W. 
Ileilbom, Ber. 1908, 41, 1878) added to am- 
moniacal solutions of cobalt and nickel salts 
containing excess of sucrose, yellow crystalline 
preoipitate (Ni(N 4 H 6 C 8 0) a ,2H 8 0), the presence 
of oobalt indicated, by the reddish-violet colour 
of the solution. # 

An alooholio ummoniacal solution of a- 
benzildioxime gives an intense red precipitate 
C.aHjjNgO.Ni (Tschugaeff, ZeitBch. anerg. 
Ohem. 1905, 40, 144 ; Atack, Analyst, 1913, 
310). 

Cobalt. 

Ammonium sulphide, black precipitate (CoS), 
insoluble in cold dilute hydrochloric acid; 
soluble in strong acids. Caustic potash, pale-blue 
preoipitate (OoH 8 0 2 ), slightly soluble in excess, 
forming a blue solution. Potassium cyanide , 
preoipitate (CoCy 8 ), soluble in excess, forming 
CoCy a ,4KCy, and when this solution is boiled 
with exposure to air it is changed to KjCoCy,, 


whioh is not preoipitated by sodium hypoohloride 
or bromine. Potassium nitrite to dilute aoetic 
acid solutions, yellow orystalline precipitate 
(K s Co(NO t ) l ). Nitroso-$-naphihol NOC^H.OH 
(Ilinski and Knorre, Ber. 18, 099) dissolved in 
dilute acetic aoid added to feebly acid solu¬ 
tions of oobalt and niokel, brick-red precipi¬ 
tate (Co(NO-C 10 H 8 O) 3 ); solution examined for 
niokel (Chaplin, J. Araer. Chem. Soc. 1907, 29, 
1029). 

Vanadium. 

Ammonium sulphide, dark-brown solution, 
which when acidified yields a brown precipitate 
(V 2 S 4 ). Ammonium chloride, white precipitate 
of ammonium meta-vanadate (NH 4 V0 8 ). Potas¬ 
sium ferrocyanide, in acid solution, a green 
precipitate. If a solution of an alkaline vana¬ 
date is agitated with hydwgen peroxide and ether, 
the solution acquires a deep purplish-red colour, 
but the ether remains colourless. Mild re¬ 
ducing agents (S0 2 , H 2 S, HBr, alcohol, &o.) 
reduce vanadates in acid solutions to blue 
divanadyl salts. Strong reducing agents (zino 
and aluminium with acids) produce a series of 
colour changes—blue, green, and violet. 

Columbium. 

Hydrogen fluoride and potassium fluoride 
produce potassium columbo-fluoride, which 
when boiled in aqueous solution yields potassium 
columbium oxyfluoride (K 2 CbOF.,H 8 Ol (solu¬ 
bility l in 12-5 oold water). Mineral acids, 
partial precipitation of oolumbic acid from 
alkali columbates : zinc and acid, blue ooloura¬ 
tion, turning brown; potassium ferrocyanide, 
greyish-green precipitate. 

Tantalum. 

Hydrogen fluoride and potassium fluoride 
produce potassium tantalofluoride (K 8 TaF 7 ) 
(solubility 1 in 154 cold water), separating in 
colourless needles. Mineral acids , white •pre¬ 
cipitate of tantalic acid. Potassium ferrocy¬ 
anide, reddish-brown precipitate ( v . Weiss and 
Landecker, Zeitsch. anorg. Chem. 1909, 04, 05). 

Calcium. 

Ammonium carbonate, white precipitate 
(CaC0 8 ), soluble in acid* Sulphuric acid, 
white precipitate only in very concentrated solu¬ 
tions. Ammonium oxalate, white preoipitate 
(CaC 8 0 4 ), insoluble in acetio and oxalic acids, 
but soluble in hydrochloric aoid. 

Strontium. 

Ammonium carbonate, white precipitate, 
soluble in acids (SrCO s ). Ammonium sulphate, 
white precipitate, especially on boiling. Am¬ 
monium oxalate, white precipitate (SrC^OJ, 
soluble in hydroohlorio aoid ; insoluble in acetic 
aoid. Sulphuric acid or calcium sulphate , white 
precipitate (SrS0 4 ), forming slowly. 

Barium. 

Ammonium carbonate, white precipitate 
(BaC0 3 ), soluble in acids. Ammonium oxalate, 
white preoipitate (BaC 8 0 4 ), soluble in hydro¬ 
ohlorio acid ; insoluble in aoetio aoid. Sulphuric 
acid or calcium sulphate, an immediate white 
precipitate, insoluble in acids and alkalis. Potas¬ 
sium chromate, yellow preoipitate (BaCr0 4 ), 
insoluble in aoetic acid. # 

Magnesium. 

Sodium phosphate, in presence of ammonia 
and ammonium chloride, white 
rapidly becoming crystalline (NH 4 MgP0 4 6H # 0). 
Forms slowly m dilute solutions, formation 
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being accelerated by agitation and bv rubbing 
tTie aides of the beaker with a glass rod ; soluble 
in acids. 

Potassium. 

Chloroplatinic acid H a PtCl e , yellow crystalline 
precipitate (K »PtCl fl ), somewhat soluble in water, 
insoluble in alcohol. Sodium hydrogen tartrate, 
in neutral or feebly acid solutions, a white crys¬ 
talline precipitate (KH0 4 H 4 0„), forming slowly 
in dilute solutions. If the solution contains free 
mineral acids, nearly neutralise with soda and 
add sodium acetate (c/. Winkler, Zeitach. 
angew. Chem. 1013, 20, 208 ; Analyst, 1013, 
295). 

Sodium cobaUinitritc iu acetic acid solution, 
yellow precipitate (K 2 NaOo(NO a ) 2 ). Sodium 
i-amino-f$-naphthol-i) -« ulphonate (eikonogen) in 
5-10 p.c. solutions* crystalline precipitate 
(KS 03 * 0 , 0 TT B (NH a ) , 01 I) ; negative results with 
ammonium and magnesium salts (Alvarez, 
Oliem. Soo. Abstr. 1005, n. 355). 

Ammonium. 

Ammonium salts are readily volatile. Heated 
with lime, caustic potash, or soda, ammonia gas 
is given off, and is recognised by its smell and 
its action on test paper. 

Chloroplatinic acid, yellow crystalline pre¬ 
cipitate ((NH 4 ) a PtCl„), slightly soluble in water: 
insoluble in alcohol. Sodium hydrogen tartrate, 
white crystalline precipitate (NH 4 H( , 4 H 4 0, l ), 
forming slowly in dilute solutions. 

Ncsslcr's leagenl (K 2 Hgl 2 and KOH), brown¬ 
ish-red precipitate or colouration (NTIg 2 T,H 2 0), 
very delicate test. Fqually delicate is the blue 
colouration which is developed when an ammo¬ 
nium compound is treated with a solution of 
phenol and a hypochlorite (eau de Javel). 

Sodium. 

Flame colouration, intense yellow. 

Although all sodium salts are more or less 
soluble, some dissolve only sparingly, e.g. sodium 
oxalate and sodium a-naphthylaminc-8-sul- 
phonate. 

Potassium pyroantimonate, white crystalline 
precipitate (Na 2 H 2 Sb 2 O 7 , 0H a O) (J. Amer. Chem. 
Soc. 1900, 31, 034); from neutral or slightly 
alkaline solutions. 

Dikydroxylartaric acid, colourless precipitate 
(C0 8 Na , C(0H) a , C(0H) 2 C0 2 Na) (Fenton, Chem. 
Soo. Trans. 1895, 07, 48). Solution of bismuth 
nitrate in 50 p.c. potassium nitrile containing 
caesium nitrite, yellow crystalline precipitate 
(5Bi(NO a ) 3 ,9CsNO a ,0NaNO 2 ); very delicate 
test, jnot interfered With by lithium and metals 
of alkaline earths (Ball, Chem. Soc. Trans. 1005), 
95, 2128). Sodium chloride, obtained by slow 
evaporation of a solution acidified with hydro¬ 
chloric acid, crystallises in distinct cubes. 

Lithium. 

Chloroplatinic acid, no precipitate. 

Sodium phosphate, in alkaline solution ; white 
precipitate (Li a P0 4 ), soluble in hydrochloric acid, 
not reprecipitated by ammonia except on boiling. 
Lithium chloride is soluble in ethyl or amyl 
alcohol, and in pyridine. Ammonium hydrogen 
fluoride, white precipitate (LiF). 

Cffislum. 

Flame colouration' violet. 

Qhloroplatinic acid, y< llow crystalline pre¬ 
cipitate (CgjPtClg), insoluble in boiling water, 
Tartaric acid, crystalline precipitate, some¬ 
what soluble in water. Stannic chloride , white 


precipitate (Cs 2 SnCl B ). Lead chloride dissolved 
m chlorine water, yellow precipitate (Cs 2 PbCl 4 ). 
Caesium carbonate is sdiuble in alcohol (diff. 
from K, Rb). 

Rubidium. 

Flame colouration , violet. 

Chloroplatinic acid, yellow crystalline pre¬ 
cipitate (Rb 2 PtCl 6 ), insoluble in Doiling water. 
Tartaric acid, white crystalline precipitate, less 
soluble than the caesium compound (Reactions 
of Cs and Rb, v. Wells, Anicr. J. Sci. [3] 43, 17 
and 40, 180, and 265). 

Acid Radicals. 

The acid radicals are arranged partly in the 
order of the systematic separation and partly 
with a view to bring together those acids whion 
are commonly associated or which resemble one 
another in their reactions. In all cases, unless 
otherwise specified, it is important that the 
■>olution should be neutral. 

Sulphates. 

Barium chloride , white precipitate (BaS0 4 ), 
insoluble in acids and alkalis. 

Sulphites. 

Hydrochloric acid, sulphur dioxide evolved, 
but no sulphur precipitated. Barium chloride, 
white precipitate (BaSO s ), soluble in hydro¬ 
chloric acid. Iodine solution, sulphites are con¬ 
verted *nto sulpliates. Neutralise, then slightly 
acidify with acetic acid; add excess of zinc 
sulphate, a small quantity of sodium nitro- 
prusside and potassium ferrocyanide. The preci¬ 
pitate of zinc ferrocyanide has a pink oolour. 

Strontium chloride, white precipitate (SrSO s ), 
different from thiosulphate SrS 2 0 3 , being much 
more soluble. 

Hyposulphites (‘ hydrosulphites,’ e.g. Na a S,0 4 , 
2H a O) owe their technical application to their 
reducing action on indigotin and its sulphonic 
acids—the colour is discharged (indigo-white). 
Silver nitrate, black precipitate (Ag). Mercuric 
chloride, black precipitate (Hg). Copper sulphate, 
reddish precipitate (Cu and Cu 2 H 2 ), in very 
dilute solution, colloidal copper. 

Thiosulphates. 

Hydrochloric acid, sulphur dioxide evolved 
and sulphur precipitated. Silver nitrate, white 
precipitate (Ag t S 2 O a ), rapidly changing to black 
(Ag a S), soluble in excess of alkaline thiosul¬ 
phate, forming a muoh more stable solution. 
With sodium nitroprusside, zinc sulphate, and 
potassium ferrocyanide, the precipitate is white. 
Iodine solution converts soluble thiosulphates 
into tetrathionates, which give no precipitate 
with barium chloride. Feme chloride, transient 
violet colouration (Fe-^SjOiL). 

Persulphate* (e.^ K a S a 0 8 ). 

'The dry salts evolve oxygen on heating. 
Barium chloride, no precipitate in the oold, on 
warming oxygen evolved and BaS0 4 preoipitated. 
Silver nitrate, black precipitate (silver peroxide). 
Other metallic salts (Pb, Mn, Co, and Ni) yield 
their hydrated peroxides. 

Monopersulphuric acid (Card's acid) 
HO -SO a 'O -OH, produced by adding a persulphate 
to cold concentrated sulphuric acid, and pouring 
the mixture on to ioe. Aromatic amines ( e,g . 
p-Cl'C 9 II 4 -NH a ) give coloured oxidation products 
with persulphates and nitroso- oompounda (e.g. 
Cl 4 -NO) with Caro’s acid. 

Thionic acids (t\ Chem. Soc. Trans. 1880,808). 
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Sulphides. 

Hydrochloric acid, m most cases evolution of 
hydrogen sulphide, especially on heating. Lead 
nitrate or acetate, black precipitate (PbS). 
Silver nitrate, black precipitate (Ac,S), in¬ 
soluble in ammonia, sodium thiosulphate, and 
potassium cyanide. Sodium nitroprusside in 
alkaline solutions an intense but somewhat 
fugitive violet colouration. 

Phosphates. 

Barium chloride, white precipitate Ba 3 (P0 4 )„, 
soluble in dilute acids. Calcium chloride, white 
precipitate (Ca 3 (P0 4 ) 2 ), soluble in aoetie acid. 
Silver nitrate, yellow precipitate (Ag 3 P0 4 ), soluble 
in nitrio acid and m ammonia. Pyrophos¬ 
phates and metaphosphates give white 
precipitates of their silver salts with silver 
nitrate, but motaphosphatos alone, unlike ortho- 
and pyro-phosphates, coagulate albumin. Mag¬ 
nesium sulphate, in presence of ammonium 
chloride and ammonia, white crystalline pre¬ 
cipitate (NIT 4 MgP0 4 6H S! 0), soluble in acids. 
Ammonium molybdate, in nitric acid solution, 
on heating, a yellow precipitate ((NH 4 ) 3 P0 4 ’ 
12MoO a ) soluble in ammonia, and soluble in 
excess of an alkaline phosphate. 

Phosphites. 

Barium chloride, white precipitate (BaIIPO a ), I 
soluble in hydrochloric acid. Silver nitrate, 
precipitate of metallic silver* especiallyain pre¬ 
sence of ammonia, and on heating. Mercuric 
chloride, white precipitate (Hg 2 Cl 2 ), becoming 
grey (Hg). Heated with nitric acid, phosphites 
are converted into phosphates. Heated alone, 
phosphites evolve phosphine. Copper sulphate, 
pale blue precipitate. 

Hypophosphltes. 

Heated alone, evolve phosphine. Barium 
chloride, white precipitate only in strong solution 
(Ba(H s PO a ) a ). Silver nitrate, metallio silver 
precipitated. Copper sulphate, brown preci¬ 
pitate, cuprous hydride (Cu 2 H 2 ). 

Carbonates. 

Hydrochloric acid, effervescence, with evolu¬ 
tion of oarbonio anhydride, which turns lime 
water turbid. Barium chloride, white pre¬ 
cipitate {BaCO 3), soluble in acids with efferves¬ 
cence. Mercuric chloride, red precipitate (basic 
carbonate); bicarbonates give only a yellowish 
opalesoence. Calcium sulphate, white precipitate, 
immediately with carbonate, but only after 
standing with bicarbonate (Leys, J. Pharm. 
Chim. 1897, (vi.) 0, 441). 

Borates. 

Barium chloride, white preoipitate m not too 
dilute solutions, soluble in acids. Silver nitrate, 
in strong solution, white precipitate (AgB0 2 ) 
in dilute solution, dark-grey deposit (Ag,0). 

Mix the solid substance w r ith concentrated 
sulphuric aoid in a small crucible, add alcohol, 
and ignite; the alcohol flame is green, especially 
at the edges. Mix the solid substance with three 
parts potassium hydrogen sulphate and one part 
powdered fluorspar, and heat on platinum wire 
m the oold area of the flame; a bright-green 
colouration (due to 3F # ) is observed. Turmeric 
paper , moistened with acid solution of boric 
acid, beoomes reddish brown on drying. 
ffiHeata. 

Solutions of silicates heated with acids, am¬ 
monium chloride, or ammonium carbonate, 
deposit silicic acid. Dilute solutions must be 

Von. 


evaporated to dryness, and on treating the 
residue with dilute hydrochlorio acid insoluble 
silica is left. 

Most silicates are insoluble in water; some 
are decomposed by acids; others are only de¬ 
composed by fusion with about fmir times their 
weight of a mixture of equal parts of sodium 
and potassium carbonates. 

Sllicofluorides. 

Concentrated sulphuric acid, in leaden or 
platinum capsule, hydrogen fluoride and silicon 
fluoride arc evolved. Barium chloride, colourless 
crystalline preoipitate BaSiF e » Kilieofluorides 
on healing evolve silicon fluoride, leaving 
residues of metallic fluorides. 

Thorium nitrate precipitates hydrofluosilicio 
acid quantitatively from soluble hydrofluosili- 
cates. ' • 

Oxalates. 

Barium chloride or calcium chloride, white 
precipitate, insoluble in acetic acid, but soluble 
m hydrochloric acid. 

Acidify with sulphuric acid, and add potas¬ 
sium permanganate ; the colour of the latter is 
rapidly and completely discharged. 

Heat the solid substance with concentrated 
sulphuric acid; carbonic anhydride and car¬ 
bonic oxide are ovolved. The latter bums with 
a blue flame. 

Fluorides. 

Barium chloride, white precipitate (BaF 2 ), 
soluble in hydrochlorio acid. Silver nitrate, no 
precipitate with soluble fluorides. Concentrated 
sulphuric acid, especially when heated, produces 
hydrogen fluoride, which attacks glass. The 
substance and acid aro placed in a small leaden 
or platinum crucible, which is covered with a 
watch-glass protected by a thin coating of wax, 
part of which has been scratclfrd away so as to 
expose the glass. • 

Thorium nitrate added to a solution of an 
alkali fluoride acidified with acetic or nitrio acid 
gives a gelatinous precipitate of thorium fluoride 
ThF 4 . 

Chlorides. 

Silver nitrate, a white#precipitate (AgCl), 
insoluble in nitric acid, soluble in ammonia; 
darkens when exposed to light. Manganese di¬ 
oxide and sulphuric acid, evolution of chlorine 
on heating. Potassium dichromatc and strong 
sulphuric acid, evolution of chromyl chloride 
on heating. This forms with ammonia a yellow 
solution of ammonium chromate. 

Bromides. 

Silver nitrate, yellowish-white precipitate 
(AgBr), insoluble in nitric acid; moderately 
soluble in ammonia ; readily soluble in potassium 
cyanide or sodium thiosulphate. Manganese 
dioxide and sulphuric acid, orange vapours 
of bromine, which turn Btarch paste orange. 
Chlorine water liberates bromine, which dis¬ 
solves in ether or carbon disulphide, forming an 
orange-brown solution. Bromides heated with 
potassium dichromate and strong sulphuric acid 
yield bromine, which forms a odourless solution 
with ammonia. 

Iodides. 4 

Silver nitrate, yellow precipitate (Agl), in¬ 
soluble in nitric acid or ammonia; soluble 
in potassium cyanide or sodium thiosulphate. 
Manganese dioxide and sulphuric acid yield 
violet vapours of iodine, which colour starch 

it 
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past* blue. Chlorine water, bromine water, or 
potassium dichromate in presence of hydrochloric 
acid, liberates iodine, which turns starch paste an 
intense blue. The colour disappears on heating, 
and reappears on cooling. The liberated iodine 
may be agitated with carbon disulphide or chlo¬ 
roform, when it yields a violet solution. Nitro¬ 
gen oxides in sulphuric acid likewise liberate 
iodine, but do not liberate bromine unless 
added in largo excess. 

Cyanides. 

Silver nitrate, white precipitate (AgCN), in¬ 
soluble in nitric acid, but soluble in ammonia, 
sodium thiosulphate, or excess of the alkaline 
cyanide. 

Add ferric chloride and ferrous sulphate; 
make alkaline with caustic potash or soda, and 
then acidify with hydrochloric amd. A dark 
blue precipitate of Prussian blue is lormed. 

Evaporate the solution with an excess of 
yellow ammonium sulphide to complete dryness 
on a water-bath ; dissolve in very dilute hydro¬ 
chloric acid, and add ferric chi ride; a blood- 
red colouration is produced. 

Most cyanides evolve hydrocyanic acid, re¬ 
cognisable by the smell, when treated with 
hydrochlorio or sulphuric acid. 

Merourio cyanide cannot be recognised by 
these tests. It yields cyanogen when heated in 
a closed tube, and is decomposed when healed 
with strong sulphuric acid. 

Ferrocyanides. 

Silver nitrate, white precipitate (Ag 4 FeCy„), in¬ 
soluble in nitric acid and sparingly soluble in 
ammonia ; soluble in potassium cyanide. Ferric 
chloride, dark-blue precipitato (Fe 4 (FeCy e ) 3 ). 
Ferrous sulphate, white precipitate, rapidly be¬ 
coming blue. Copper sulphate, chocolate-brown 
precipitate (Cu 2 jVeCy # ), or in vory dilute solution 
a brown colouration. 

Ferrlcyanides, 

Silver nitrate, orange precipitate (Ag 3 FeCy # ), 
soluble in ammonia; insoluble m nitric acid. Fer¬ 
rous sulphate, dark-blue precipitate (Fo 3 (FeCy 6 ) 2 ), 
insoluble in dilute acids; decomposed by alkalis. 
Ferric chloride, a greenish-brown colouration. 

Thiooyanates. 

Silver nitrate, white precipitate (AgCNS), 
soluble in ammonia; insoluble in nitric acid. 
Ferric chloride, blood-red colouration, not 
affected by boiling nor by hydrochloric acid ; de¬ 
colourised by mercurio chloride. Copper sul¬ 
phate, a black precipitate changing to white 
(Cu 2 (CNS) 2 ) on standing or addition of a re¬ 
ducing agent. Moderately strong sulphuric acid 
evolves carbon oxysulphide, which bums to car¬ 
bon dioxide and sulphur dioxide. Cobalt chloride 
and the solution shaken up with ether and amyl 
alcohol, azure-blue colouration (K 2 Co(CNS) 4 ). 
Cyanates. 

Cobalt chloride, in aqueous alcoholic solution, 
blue soluble double salt (K 2 Co(CNO) 4 ), decom¬ 
posed by exoess of water. 

Nitrates. 

Sulphurio aoid evolves nitric acid on heating ; 
iif metallic copper is added, red-brown nitrogen' 
oxides are given off.- 

The neutral solution is mixed with ferrous 
sulphate, and concentrated sulphuric acid is 
poured down the side of the tube so as to form a 
layer at the bottom ; a dark-brown ring is formed 
the junction of the two liquids. Iodine- and ( 


bromine must be removed before applying this 
test, and the liquid must be cold. Nitrate in 
presence of nitrite: destroy nitrite by boiling 
aoetic acid solution with urea or hydrazine sul¬ 
phate ; then add potassium iodide, starch, and 
a fragment of zinc; then colouration denotes 
nitrate. 

Nitrites. 

Silver nitrate, a white precipitate in concen¬ 
trated solutions. 

Mix the solution with potassium iodide and 
larch and acidify with acetic acid ; a deep-blue 
colouration is produced, owing to the liberation 
of iodine. Nitrites heated with dilute acids 
evolve nitrogen oxides. Metaphcnylcnediamine 
hydrochloride , Bismarck brown colouration. 

A dilute solution of a-naphthylamine and 
sulphanilic arid acidified with acetic acid ; a red 
colouration of azo- compound ( cf . Zeitsoh. 
angew. Chem. 1900, 235). 

Dimothylaniline hydrochloride, added to an 
acidulated solution containing nitrous acid, gives 
a yellow colour depending on the formation 
of paranitrosodimethylanihne (Miller, Analyst, 
1912, 37, 345) 

Hypochlorites. 

Silver nitrate , a white precipitate of silver 
chloride. Lead nitrate, a white precipitate be¬ 
coming orange-red, finally brown. Manganous 
salts, ft^brown precipitate (Mn0 2 ,xH 2 0). Indigo 
solution, decolourised even in an alkaline solution. 

Chlorates. 

Warm a small quantity of the solid with con¬ 
centrated sulphuric acid ; a yellow explosive gas 
is produced with detonations. 

Acidify the solution with sulphuric acid, add 
indigo solution, and then sulphurous acid or a 
sulphite drop by drop ; the colour of the indigo 
is discharged. 

Perchlorates. 

Concentrated sulphuric acid, no explosive gas. 
Titanous sulphate, perchlorates reduced to 
chlorides. 

Bromates. 

Silver nitrate, white precipitate, AgBrO s , 
decomposed by hot hydrochloric acid with 
evolution of bromine. Barium chloride, white 
precipitate Ba(Br0 8 ) 2 . Sulphurous acid, bro¬ 
mine liberated. 

Iodates. 

Silver nitrate, white curdy precipitate (AgI0 3 ), 
soluble in ammonia; reduced to yellow silver 
iodide by sulphurous acid. Barium chloride, 
white precipitate (Ba(T0 3 ) 2 ). Sulphurous acid, 
iodine liberated. 

Periodates. 

Silver nitrate, yellowish-white, red, or brown 
precipitate depending on the acidity of the 
periodate solution. Barium chloride, white pre¬ 
cipitate. Manganous sulphate, red precipitate 
\Ta 2 HI0 6 , turning brown. Reducing agents 
(I1 2 S0 8 , Ti 2 (S0 4 ) 8 , Zn, etc.) convert periodates 
readily into iodides. Mercuric nitrate, orange- 
rod precipitate 5Hg0,I.0 7 , different from 
iodates, which give white Hg(IO s ) t . 

Tartrates. 

Calcium chloride, in excess, a white pre¬ 
cipitato (CaC 4 H 4 0 8 ), soluble in acids and in 
potash solution. Complete precipitation requires 
time, and is promoted by vigorous agitation. 
Potassium acetate, in presence of free acetic 
acid, a white crystalline precipitate (KHC 4 H 4 O a ), 
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forming slowly in dilute solutions. Silver 
nitrate, a white precipitate, soluble in nitric acid 
or ammonia. If the washed precipitate is dis¬ 
solved in the least possible quantity of dilute 
ammonia, and the solution heated, the test-tube 
is coated with a mirror of metallic silver. Fer¬ 
rous sulphate, followed by few drops of hydrogen 
peroxide and excess of caustic soda, bluish-violet 
colouration. 

Citrates. 

Calcium chloride, or lime-water, in excess in 
neutral solution, a white precipitate, 
(Cft 3 (0 e R 5 0 7 ) a ) 

only on boiling. Potassium salts, no precipitate. 
Cadmium chloride, gelatinous white precipitate 
(Cd(C # H 6 0-) 2 ), insoluble in hot water; soluble in 
acetic acid (diff. from tartrates). Mercuric 
sulphate (5 p.c.), following by potassium perman¬ 
ganate, white turbidity, mercuric acetone- 
dicarboxylate (halogens should be absent) 
(I)enigds). 

Malates. 

Calcium chloride, no precipitate even on 
boiling, except in strong solutions; precipitate 
in dilute solutions on adding alcohol. Lime 
water, no precipitate even on boiling. Silvei 
nitrate, white precipitate (Ag 2 C 4 H 4 0 6 ), which 
becomes grey on boiling. Lead acetate, white 
precipitate (PbC 4 H 4 () 6 ), wfcich when*washed 
melts in boiling water. 

Succinates. 

Barium chloride, or calcium chloride, no 
precipitate except alter addition ol alcohol. 
Ferric chloride, reddish-brown precipitate 
(Fe 2 (C 4 H 4 0 4 ) 3 ), soluble in acids ; decomposed by 
ammonia. 

Benzoates. 

Hydrochloric acid, white crystalline pre¬ 
cipitate of benzoic acid, slightly solublo in 
water. Ferric chloride, a buff precipitato 
(Fe 2 (C 4 H 7 0 8 ) 4 ), soluble in hydrochloric acid with 
liberation of benzoic acid; decomposed by 
ammonia. Concentrated sulphuric acid and 
alcohol on heating produce ethyl benzoate, dis¬ 
tinctive odour. Soda lime : benzoates heated 
with this reagent are decomposed, evolving 
benzone. 

Salicylates. 

Ferric chloride,, intense purple colour; not 
affected by glycerol; interfered with by alkalis, 
dilute mineral acids, tartaric, citric, and oxalic 
acids, and certain other substances such as 
borax, sodium phosphate, ammonium and sodium 
aoetates. Silver nitrate, white precipitate in 
neutral solutions. Bromine water, white pre¬ 
cipitate, which with sodium amalgam yields 
phonol. Concentrated sulphuric acid and methyl 
alcohol on heating give methyl salicylate (‘oil 
of winter-green ’). ' Diazotised aniline or ml- 
phanilic acid gives an orange azo- compound# 
Acetates. 

Ferric chloride, a dark-red colouration, dis¬ 
charged on boiling, with precipitation of a basio 
ferric acetate. Also discharged by hydrochloric 
aoid. Heated with strong sulphuric acid, acetic 
acid is evolved. It alcohol is added, ethyl 
acetate is formed and is recognised by the smell. 
Formates. 

Silver nitrate, a white precipitate in con¬ 
centrated solutions ; the solution or precipitate 
rapidly becomes black (Ag), especially on heat¬ 
ing. Ferric chloride, a red oolour, discharged 


on boiling, with precipitation of batio ferric 
formate ; also discharged bv hydrochlorio aoid. 

A solid formate mixed with concentrated 
sulphurio acid gives off carbonic oxide even in 
the cold, but no carbonic anhydride. 

Gallic acid. 

Ferric chloride, in neutral solutions, a bluish- 
black precipitate or colouration. Qelaiin or 
albumin, no precipitate. Potassium cyanide, 
red colouration, which disappears on stand¬ 
ing, but reappears on agitation in presence of 
air. Caustic soda , green colouration gradually 
darkening, and with exoess becoming brownish- 
red. Lime water, bluish-grev procipitate. 

Tannic acid. 

Ferric chloride, bluish-green or bluish-black 
| precipitato or colouration. Qelatm or albumin, 

! yellowish-white precipitate. Potassium cyanide., 
no colouration. Caustic soda, reddish-brown 
colouration gradually darkening. Lime water, 
grey precipitate. 

Phenol. 

Ferric chloride , violet colouration, destroyed 
by acids. Bromine water, white procipitate 
(tribromophenol and tribromophonol bromide). 
Concentrated sulphuric acid and a fragment of 
sodium nitrile, on gently warming, greenish blue 
solution, turned red when poured into water, and 
changed again to blue by caustic alkali. 

Pyrogallol. 

Silver nitrate or Fehling's solution, readily 
reduced. Caustic alkalis, brown solutions, rapidly 
darkening owing to absorption of oxygen. Form¬ 
aldehyde and strong hydrochloric acid, white pre¬ 
cipitate becoming red, and finally purple. 

Uric acid. 

Alkali urates reduce silver nitrate, and when 
heated with solid caustic sfyla, ammonia is 
evolved, and an alkali cyanide is produced. 
Nitric acid: evaporate solution to dryness on 
water-bath, reddish colouration, rendered violet 
by ammonia, and turned blue by caustic soda 
(Murexide test). 

Quantitative Analysis. 

GRAVIMETRIC METHODS. 

A few metals are separated and weighed in the 
metallic condition, but the majority of metallic 
and acidic radicals arc weighed in the form of 
one or other of their compounds. In order 
that a compound may be available for the deter¬ 
mination of one of its constituents, it should be 
of perfectly definite composition and not highly 
hygroscopic or otherwise liable to alter; it must 
be insoluble in the liquid in which it is formed, and 
insoluble in an excess of the reagent; it must be 
easily freed from impurities, and capable of 
being brought into the proper condition for 
weighing without tedious and complicated opera¬ 
tions. It is also desirable that the compound 
should contain only a small proportion of the 
constituent to be estimated, since the effect of 
the unavoidable error of experiment is thus 
minimised. An estimation of chlorine in the 
form of silver chloride is more accurate than an 
estimation of silver in the # same way, sinoe only 
one-fourth of the error of experiment represents 
chlorine, whilst three fourths represent silver. 

A description will first be given of a few 
typical gravimetric methods; then an alpha¬ 
betical list of mqtals and acid radicals, with a 
summary of methods available in each case; 
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followed by a series of methods of separation of 
general applicability. Special methods for the 
analysis of technical products will be found in 
the articles dealing with these materials. 

Gkvera<' Methods of Estimation. 

I As Sulphides. 

(a) With previous precipitation by hydroyen 
sulphide. The solution should be moderately 
dilute and distinctly acidified with HC1, but any 
large quantity of this acid must be avoided. 
Nitric acid and nitrates, which should be absent 
os far as possible, may be removed by repeated 
evaporation with strong hydrochloric acid, but 
this treatment is not admissible if tho metals 
present form volatile chlorides; if present, a 
much higher degree of dilution is necessary. In 
most cases precipitation is accelerated and the 
precipitate rendered more granular by keeping 
the liquid warm. A current of washed hydrogen 
sulphide is passed through the solution until it 
is thoroughly saturated, and the flask is closed 
and left in a warm place until the precipitate has 
settled. Molybdenum and the metals of tho 
platinum group are only completely precipi¬ 
tated after prolonged treatment with the gas. 
The precipitato is protected from air as far as 
possible during filtration, and the liquid used 
for washing should contain hydrogen sulphide in 
order to prevent oxidation. 

When arsenic is present, the liquid should 
be heated with pure sulphurous acid to reduce 
arsenic acid, and the excess of sulphurous acid 
expelled before treatment with hydrogen sul¬ 
phide. In presence of antimony, tartaric acid 
should be added to prevent co-precipitation of 
basic antimony chloride. 

Whon coppe/ is precipitated as sulphide in 
presonce of zinc, the copper sulphido should be 
washed once or twico with dilute hydrochlorio 
acid of sp.gr. 1-05 containing hydrogen sulphido, 
and then with water also containing tho gas. 

(/3) With previous precipitation by ammonium 
sulphide. Add to the warm solution & consider¬ 
able quantity of ammonium chloride, which is 
found to promote precipitation and render tho 
precipitato more granular, then ammonia to 
alkaline reaction, and a slight excess of am¬ 
monium sulphide. Close tho flask and allow to 
stand in a warm place until the precipitate has 
settled. Protect from air as far as possible 
during filtration, and wash with water containing 
ammonium chloride and a little ammonium sul¬ 
phide or hydrogen sulphide. 

The precipitated sulphide is treated m one 
of two ways : it is collected on a weighed filter, 
dried at a definite temperature and weighed; or 
heated with sulphur in a current of hydrogen, 
and then weighed 

In the first case it is essential to ensure the 
absence of co-precipitated sulphur, and for this 
purpose the dried precipitate is treated with 
pure carbon disulphide and again dried, or, in 
the case of cadmium, mercury, or bismuth, tho 
moist precipitate is treated with a warm con¬ 
centrated solution of sodium sulphite, again 4 
washed, and dried. 1 

When the Bulphide is stable’«*t a moderately 
higbtemperature and is not reduced bv hydrogen, 
Pose’s method is employed. The dry precipi¬ 
tate is separated from the fifter, which is then 
burnt, and the precipitate and filter ash are in¬ 


troduced into a porcelain cruoible and mixed 
with pure finely powdered sulphur. The crucible 
is provided with a perforated lid, through which 
passes a porcelain tube connected with a hydro¬ 
gen apparatus. A current of purified and dried 
hydrogen is passed into the crucible, which is 
gradually heated to full redness until excess of 
sulphur is expelled, allowed to cool in a current 
of hydrogen, and weighed 

Non-volatile sulphides may be collected in a 
wide Soxhlot tu he and dried in situ over a ring 
burner at 300°, while a current of pure dry 
carbon dioxide is conducted through the tube. 
This treatment removes both moisture and 
co-precipitated sulphur (Cahen ami Morgan, 
Analyst, 19011, 34, 3). 

II. As Oxide. 

(a) IFi/A previous precipitation as hydroxide. 
The solution is mixed with ammonium chloride, 
heated to boiling, and ammonia added in slight 
excess. A large excess of ammonia will partially 
redissolve some of the precipitate, and must be 
expelled by boiling. The precipitate is w-ashed 
with hot water. 

If ammonia is -inadmissible, pure caustic 
potash or soda is used as the precipitant. Excess 
of alkali must be avoided, and the precipitate 
must be very thoroughly washed, since small 
quant^iesof alkalj r are somewhat firmly retained. 

In both cases it is better to precipitate in a 
porcelain or platinum vessel than in glass. 

Non-volatile carbon compounds, such as 
sugar, glycerol, alkaline, tartrates, and citrates, 
&c., more or loss completely prevent precipitation 
of hydroxides by ammonia or caustic potash, or 
soda, and hence must first be removed by calci¬ 
nation. Moderately strong nitric acid attacks 
filter paper, forming soluble products, which * 
prevent the precipitation of metallic hydroxides. 

(£) With previous precipitation as carbonate. 
The solution is nearly neutralised, heated to 
boiling, and mixed with a slight excess of sodium 
carbonate, boiling being continued until all 
carbon dioxide is expelled. The precipitate is 
washed with hot water. Ammonium carbonate 
oan be used in some cases, and has the ad vantage 
of not introducing a fixed alkali. In these cases 
the precipitate should be washed with water 
containing a little ammonia and ammonium 
carbonate. 

The precipitated hydroxide or carbonate is 
placed in a crucible {with previous separation 
from the filter paper if the metal is easily re¬ 
ducible), and is gradually heated to full redness, 
care being taken that no reducing gases from the 
flame enter the crucible. Oxides of reducible 
metals must be heated in a poroelain crucible, 
but in other cases‘a platinum crucible may be 
used with advantage. If carbonates (or oxalates) 
aije being converted into oxides, it is important 
to secure a circulation of air in order to remove 
carbon monoxide and carbon dioxide as fast as 
they are given off, and thus acoelerate decom¬ 
position. This is done by inclining the crucible 
and placing the lid across the mouth in a slanting 
position. 

III. As reduced Melds. 

(a) In some cases the metal is preoipitated 
as oxide, which is then dried ana heated in 
hydrogen as in Rose’s method for sulphides, the 
reduced metal being cooled in hydrogen and 
weighed. This method is especially valuable 
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when, as in the case of cobalt, the oxide obsti¬ 
nately retains small quantities of alkali, which, 
however, can readily be removed from the reduced 
metal by washing with water. 

(3) The othor method is to mix the oxide, 
carbonate, &c., with five or six times its weight 
of ordinary potassium cyanide, and heat in a 
capacious porcelain crucible, at first cautiously 
and afterwards to completo fusion. When re¬ 
duction is complete, the crucible is allowed to 
cool, and is tapped occasionally to promote the 
oollection of the reduced metal in a single button. 
The cyanide is removed by treatment with watei, 
the metal washed, dried, and weighed. Care 
should be taken that the metallic button docs 
not contain small fragments of porcelain result¬ 
ing from the corrosion of the crucible. 

IV. As Sulphate. 

Barium, strontium, and lead are precipitated 
from solutions in the ordinary way, but other 
metals are converted into sulphate by treatment 
with the strong acid, the method being only 
available when a single metal is present in com¬ 
bination with a volatile acid. The highly con¬ 
centrated solution, or better, the solid substance, 
is mixed cautiously with concentrated sulphuric 
acid in a platinum cruciblo and then gently 
heated to expel excess of acid, the crucible being 
inclined and the lid placed in a slanting position 
across its mouth. A large excess of aci# should 
be avoided, and care must be taken that the 
temperature is sufficient, to expel tho excess of. 
free acid but not sufficient to decompose tho 
sulphate. Sulphates of the alkalis and alkaline 
earths may be heated to redness. Bismuth 
sulphate and zinc sulphate decompose if heated 
above 400° ; magnesium sulphate is not decom¬ 
posed at 450°, nor barium or lead sulphate at 
500° (G. II. Bailey). A temperature of about 
350° is required to expel the last traces of free 
sulphuric acid. With lead or bismuth sulphate 
a porcelain vessel must be used. 

Gravimetric Determination of Metals 
and Acid Radicals. 

Details of operations will bo found under 
Gcncial Methods of Estimation, and electrolytic 
and volumetric methods will be indicated under 
appropriate headings. 

Aluminium. 

(а) As oxide, with previous precipitation with 
ammonium sulphide, ammonium earbouate, or 
as basic acetate ( v. Methods of separation). The 
aluminium hydroxide is maintained in its in¬ 
soluble hydrogel form by washing with dilute 
aqueous ammonium nitrate. The hydroxide 
may also be precipitated in a form suitable for 
filtration by boiling the solution of the aluminium 
salt with potassium Iodide and potassium iodate 
(Stock, Ber. 1900, 33, 648; Compt. rend. 1900, 
130, 176 ); or with bromine water (Jakob, 
Zeitsch. anal. Chem. 1913, 62, 651), when the 
precipitate is compact and not gelatinous. 

(б) As phosphate. The solution is nearly 
neutralised, mixed with sodium acetate and a 
small quantity of a^etio acid, heated to boiling 
Bodiurn phosphate added in excess, and the pre¬ 
cipitate washed with hot water, heated, and 
weighed as aluminium phosphate (A1P0 4 ). 

Ammonium. 

(a) Ab platinichloride (NH 4 ),PtCl, (t>. Potas¬ 
sium), The platinic chloride solution should 
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be added before the liquid is heated, and evapo¬ 
ration should not quite be carried to complete 
dryness. 

(b) By distillation {v. Acidimktry). 

Antimony. 

(a) As sulphide Sb 2 S 3 . The precipitate ia 
collected (i.) in a weighod SoxAlet tube on 
an asbestos mat, and dried at 280°~300° in a 
current of carbon dioxide (Analyst, 1909, 34, 3); 
or (ii.) in a Gooch crucible and dried in an air- 
oven in an atmosphere of carbon dioxide. An 
aliquot part is then placed in a porcelain boat, 
and heated in a glass tube in a current of dry 
carbon dioxide until it becomes black, and 
all admixed sulphur is expelled. The loss of 
weight is calculated to the whole quantity and 
deducted from tho weight at 100°. 

(b) As oxide Sb 2 () 4 , lyith previous precipi¬ 
tation as sulphido. The sulpludo is placed in a 
porcelain cruciblo and treated with fuming nitric 
acid boiling at 86° until completely oxidised, the 
excess of acid expelled, and the residue heated 
with partial exposure to air until the weight is 
constant. The sulphide may also be mixed with 
30 to 50 times its weight of precipitated mer¬ 
curic oxide and heated cautiously until of con¬ 
stant. weight. A deep capacious cruciblo with 
a lid having a side tube for the exit of vapours 
has been devised for this and similar estimations. 

For a method of estimating small quantities 
of antimony, as in urine, sec Schidrowitz and 
Goldsbrougn (Analyst, 1911, 36, 101); Beam 
ami Freak ( idem. 1919, 44, 196). 

Arsenic. 

(a) As trisulphide As 2 S 3 , which is dried at 
100 u . The dry precipitate should volatilise 
completely when heated. 

(b) As pentasulphide As a hR. The arsenic is 
oxidised to arsenic acid by chlorine in alkaline 
solution, and the precipitation then effected in 
warm acid solution after decomposing all the 
chlorate (Brauner and Tomicok, Monatsh. 1887, 
8, 642 ; and Neher, Zeitsch. anal. Ghem. 1893, 
32, 45). 

(c) Arsenic acid is estimated as magnesium 
pyroar senate Mg a As 2 0 7 , iii # the same way as 
phosphoric acid ( which see). The filter paper is 
moistened with a solution of ammonium nitrate 
and dried before burning, in order to prevent 
reduction ( v. Dueru, Compt. rend. 1900, 131, 
886 ; cf. also Friedheim and Michaelis, Zeitsch. 
anal. Chem. 1895, 34, 505). 

Or tho ammonium magnesium arsenate pre¬ 
cipitate after washing with dilute ammonia, then 
with alcohol to lemove free ammonia, is titrated 
with N/2-acid, using methyl-orange as indicator. 
Each c.c. of N/2-acid is equivalent to 0'01875 
gram of arsenic. 

Barium. 

(a) As sulphate BaS0 4 , by precipitation with 
sulphuric acid (v. Sulphuric acid). 

{b) As extrbonate BaCO s , which may be 
; dried at a temperature below dull redness after 
moistening tho filter ash with ammonium car¬ 
bonate {v. General Methods of Estimation). 

(c) As sil>cofluoride (v. Methods of Separa¬ 
tion). 

(i d) As bromide (Thorne, Zeitsch. anal. Chem. 
1905, 43, 3085. 

Bismuth. 

(a) As oxide pi 8 0 3 , after precipitation with a 
, slight excess of pmmonium carbonate. In pre- 
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Bence of chlorides or sulphates the precipitate 
will contain basic chloride or sulphate, and in 
this (or in any other) case the bismuth may be 
precipitated as sulphide, which is oxidised in 
the crucible by fuming nitric acid boiling at 86°, 
and then heated. 

(6) As saljfAde Bj 2 S 3 , which is dried at 100° 
and weighed at intervals of 20-30 minutes. The 
weight first decreases owing to loss of water, 
and then mereases owing to oxidation ; the 
minimum weight is taken as correct. 

(c) As metallic bismuth. Bismuth is pre¬ 
cipitated as metal by adding to slightly acid 
solutions of its salts, formaldehyde and excess of 
caustic soda, boiling and filtering through a 
Gooch crucible, the precipitate being washed 
with alcohol and dried at 105° (Vanino and 
Treubert, Bor. 1808, 3J., 1303). 

( d ) Other methods : phosphate (Stabler and 
Seharfenberg, Ber 1005, 38, 3802), double molij ■ , 
bdate (Bi(NH 4 ) (Mo() 4 )» (Miller and Oruser, J. 
Amer. Chem. Soo. 1905, 27, 10); and ben/ildi- 1 
oxime (Atack) ( cf. Strebinger, ('hem Zeit 
1018, 42,242). 

Cadmium. 

(a) As sulphide (JdS, which is dried at 100", 
or dissolved in hydrochloric acid, and t-lio solu¬ 
tion evaporated to dryness with sulphuric acid, 
tho residue gently ignited and weighed as CdS0 4 . 

(b) As oxide, after precipitating as basic car¬ 
bonate from boiling solutions by potassium (not 
sodium) carbonate and collecting in a Gooch 
crucible (Amor. J. Sei. 1000, 20, 450). 

Calcium. 

(а) As oxide CaO, after precipitation with 
ammonium carbonate or ammonium oxalate 
(y. Utz, Oest. Cliern. Zeit. 1004, 7, 510). In the 
latter case the sorption is made alkaline with 
ammonia, heated*to boiling, and mixed with 
excels of ammonium oxalate. The precipitate 
is washed with hot water, and strongly heated 
until its weight is constant . 

(б) As sulphate CaS0 4 , by igniting the car¬ 
bonate or oxalate v ith pure sulphuric acid; 
or by heating it with a mixture of amnnnonium 
sulphate and chloride (Willis and Macintire, 
Analyst, 1918, 102). 

Cerium. V. Bnnton and James, J. Amer. 
Chom. Hoc, 1019, 41, 1080. 

Chromium (in chromic salts). 

(a) As oxide 0r 2 0 8 , after precipitation by 
ammonia, or better, ammonium sulphide; or by 
lotassium iodide and iodate (Stock and Massaciu, 
ter. 1901, 34, 467). When precipitated as 

chromic hydroxide and weighed after ignition j 
as chromic oxide, care should bo taken to avoid 
oxidation. Ignition in a Rose crucible in a 
current of hydrogen givos exact results. 

(6) As phosphate, in the same way as alu¬ 
minium. 

Chromium (in chromic acid and chromates). 

•(«) As oxide 0r a 0 3 . The solution is neutral¬ 
ised, heated to boiling, and mixed with excess of 
a neutral solution of mercurous nitrate free from 
nitrous acid. The precipitate is washed with hot 
water containiug mercurous nitrate, and heated 
to redness in a porcelain crucible- until all mer¬ 
curial vapours are expelled. The mercurous 
chromate yields chromic oxide. ' 

(b) As chromate , by precipitation with barium 
chloride in acetic acid solution (cf. Winkler, 
Zeitach. angew. Chem. 1018, 31,,46). 


Cobalt. 

(a) As metallic cobalt, after precipitation as 
cobaltie hydroxide by caustio soda or potash 
with bromine. The solution must be ffee from 
ammonium salts, or all ammonia must be 
expelled by boiling. The precipitate retains 
traces of alkali, and in accurate estimations the 
reduced metal should bo washed with water, 
dried, and again heated in hydrogen. 

(b) As sulphate CoS() 4 , aft-cr precipitation as 
sulphide, which is treated with nitric acid and 
then with Rulphuric acid. 1 f the heated sulphate 
is at all black, it must bo treated again with 
sulphuric acid. 

Copper. 

(a) As cuprous sulphide Cu 2 S, using Rose's 
method, with previous precipitation as cupric 
sulphide by hydrogen sulphide or sodium thio¬ 
sulphate (Chem. Zeit. 1895, 19, 1591). 

(b) As oxide, after precipitation by caustic 
potash or soda in absence of ammonium salts. 

(c) As cuprous thiocyanate CuCNS (Rivot, 
Cornpt. rend. 1854, 38, 8(>8 ; also Amer. J. Sei. 
1902, 13, 20 and 138). The warm solution, 
which must contain no free nitric acid, is slightly- 
acidified with hydrochloric acid, and mixed 
gradually with an excess of a moderately strong 
solution of equal parts of ammonium or potas¬ 
sium thiocyanate and ammonium hydrogen 
sulphite* When coKJ, tho proeipitate is collected 
in a weighed Gooch crucible, washed with cold 
water and 20 p.c. alcohol, and dried at 1J 0°-120°. 
The precipitate may also be converted into 
cuprous sulphide by Rose’s method. Cuprous 
thiocyanate is not quite insoluble, especially in 
presence of much free acid. 

Copper salts arc reduced by hypopliosphorous 
acid, or alkalme hypophosplntes on warming, 
and the reduced copper may be washed, dried, 
and weighed (Dallimore, Windisch). 

Glueinum. 

As oxide GlO, with previous precipitation in 
the cold by slight excess of ammonia or ammo¬ 
nium sulphide in presence of ammonium chloride, 
but not caustic soda or potash, or ammonium 
carbonate. The basic acetate of glueinum 
[G10 4 (CH 3 C0 2 ) 3 ] is readily soluble in chloro¬ 
form, and can be distilled unchanged. 

Gold. 

As metallic gold. Nitric acid is removed 
by evaporation with hydrochloric acid. The 
solution is acidified with hydrochloric acid, 
mixed with a large excess of ferrous sulphate 
solution, and heated gently for a fow hours ; or 
it is acidified with sulphuric acid, mixed with 
oxalic acid, and allowed to stand in a warm place 
for several hours. Formaldehyde and hydrogen 
peroxide in alkaline solution can be used as pre- 
cipitants (Ber 1899, 32, 1968). Nitrous acid is 
also suggested (Jameson, J. Amer. Chem. Soc. 
190$ 27, 1444). The precipitate is collected on 
a weighed,* filter, washed and dried. 

Iron. 

(а) As ferric oxide Fe 4 0 8 , after precipitation 
by ammonia, caustio potash or Boda, potassium 
iodide and iodate ( v. Chromium), or as basic 
carbonate, basio acetate or formate. The oxide 
is heated to redness until its weight is constant; 
if heated at a higher temperature, it is partially 
converted into ferroso-ferrio oxide Fe 8 0 4 . 

(б) Ferrous and ferrio salts oan be separated 
and estimated gravimetrically by meaDs of 
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barium carbonate and ammonium chloride, when 
the ferric salt is decomposed, precipitating ferrio 
hydroxide, and the ferrous salt remains in 
solution. 

Lead. 

(a) As sulphate PbS0 4 . The solution, which 
should not be dilute, is mixed with dilute sul¬ 
phuric acid and twice its volume of alcohol, and 
allowed to stand, and the precipitate washed 
with alcohol. If the addition of alcohol is in¬ 
admissible, the solution is evaporatod with a 
largo excess of dilute sulphuric acid, till fumes 
are evolved. The residue is taken up with cold 
water and quickly filtered on a Gooch crucibio ; 
and the precipitate is washed with dilute sul- 
phurio acid and afterwards with alcohol to 
remove all free acid. 

(b) As sulphide PbS, by hydrogen sulphide 
and Rose’s method. 

(c) As oxide PbO, after precipitation by 
ammonium carbonate, avoiding an excess of 
ammonium Balts. 

(d) As metal. 

(e) Other methods. As chromate and iodate. 

Magnesium. 

(a) As pyrophosphate Mg^P.,0 7 . The solution 
i3 mixed with ammonium chloride in sufficient 
quantity to provent precipitation by ammonia, 
made strongly alkaline with ammonia, and 
then mixed with excess of sodium phospffiite, or, 
better, ammonium phosphate or microcosmic 
salt. Care should be taken to avoid rubbing or 
scratching the sides of the vessel. The liquid 
is allowed to remain for a few hours, filtered, and 
the precipitate washed with a mixture of strong 
ammonia (1 part) and water (5 parts) until the 
washings give only a faint opalescence with 
silver nitrate after acidifying with nitric acid. 
The precipitation of the double phosphate is 
greatly accelerated and a granular non-adherent 
product obtained by shaking tho mixed solutions 
m a stoppered cylinder. The precipitate is 
dried, cautiously heated in a platinum crucible 
until all ammonia is expelled, and then heated 
to redness until the weight is constant. If the 
precipitate is black, ow'ing to partial reduction, 
it is moistened with a few drops of strong nitric 
acid, and again heated until perfectly white. 

(b) As oxide MgO, after precipitation as 
hydroxide by barium hydroxide, or mercuric 
oxide, or as double carbonate MgCOj(NJI 4 ) a CO a 
(Zeitsch. anorg. Chem. 1908, 68, 427), the pre¬ 
cipitate being strongly ignited (v. Zeitsoh. anorg. 
Chem. 1901, 26, 347). 

(c) As pyroarsenate {v. Pyrophosphate, and 
Amer. J. Sci. 1907, 23, 293). 

Manganese. 

(a) As sulphide MnS, byfRose’s method after 
precipitation by ammonium sulphide. 

(b) As oxide Mn a 0 4 , after precipitation by 
sodium carbonate, or ammonium carbonate 
(Tamm, Zeitsch. anal. Chem. 1872, 11,426). The 
hydrated peroxide precipitated by bromine and 
ammonia, on prolonged ignition yields Mn a 0 4 . 

(c) As pyrophosphate Mn 2 P a 0 7 . Ammonium 
chloride and microcosmic salt are added in con¬ 
siderable excess to the cold manganese solution 
followed by a slight excess of ammonia. The 
mixture is then heated till the precipitate be¬ 
comes silky and crystalline. After cooling for 
30 minutes, the precipitate is collected on the 
Gooch, washed with very dilute ammonia, and 
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ignited (Gooch and Austin, Amer. J. Sei. 1898, 
6, 160). 

{d) As sulphate (Gooch and Austin, Amer. J. 
Sci. 1898, 6, 209). 

Mercury (in merourous oompounds). 

As mercurous chloride IIg a Cl a . The dilute 
cold solution is mixed with a solufton of sodium 
chloride in slight excess, and the preoipitate is 
collected on a weighed filter and dried at 100®. 

Mercury (in mercuric compounds). 

(a) As sulphide HgS, which is dried at 100° 
after precipitation by hydrogen sulphide. 

(b) As mercurous chloride Hg*Cl 2 . The solu¬ 
tion is mixed with excess of hydrochloric acid 
and phosphorous acid (made by allowing pl^js- 
phorus to oxidise slowlv in moist air), and allowed 
to remain in a warm place for twelve hours. The 
precipitate is collected on, a weighed filter and 
dried at 100 y . 

For the estimation of mercury as motal by 
the dry method, see Gumming and Maclood 
(Cliein. 8oc. Trans. 1913, 103, 613). For its 
reduction by zinc filings, see Francois (Corapt. 
rend. 1918, 166, 950; Chem. Soc. Abst. 1918, 
ii. 276). 

Molybdenum. 

(а) As lead molybdate Pb!\fo0 4 . The solu¬ 
tion is heated to boiling, mixed with excess of 
lead acetate, and boiled for a few minutes. The 
precipitate is washed with hot water, dried at 
100°, and heated to low redness in a porcelain 
crucible. 

(б) As tho oxide Mo() 3 . The solution is 
neutralised with nitric acid, mixed with excess 
of a neutral solution of mercurous nitrate, tho 
precipitate washed with mercurous nitrate solu¬ 
tion, dried, and heated until the weight is con¬ 
stant. The metal is precipitated as sulphide 
either in acid solution, or an amtnoniacal solution 
is saturated with hydrogen sulphide and then 
acidified. The precipitate, collected in a Gooch 
crucible, is roasted to oxide. The temperature 
during ignition should not exceed 425°. The 
conversion of tho sulphide into trioxide is com. 
plot© at 400°; no further change takes place 
between 400° and 450°, Irtit above 460° the 
tnoxide sublimes. The coriect temperature 
(400°-426°) is most readily attained by using 
an electric furnace (Wolf, Zeitsch. angew. Chem. 
1918, 31, i. 140). Molybdenite is roasted to 
form trioxidc; this is extracted with ammonia, 
and the filtrate evaporated and residue ignited 
(Analyst, 1906, 31, 312). 

Nickel. 

(«) As oxide NiO, after precipitation as 
nickelic hydroxide (Ni(OH) s ) by caustic potash or 
soda with the addition of bromine in absence 
of ammonium salts; or after precipitation by 
ammonium sulphide thoroughly saturated with 
hydrogen sulphide, tho nickel sulphide being 
dissolved in aqua regia and the solution preci¬ 
pitated by caustic soda or potash. 

(6) As dimcthylglyoximatc 

CH a C : NO-Ni-NO : C*CH, 

CHj'C : NOH IJOH : C CH, 

(Ni = 20 - 31 i?.c.). A 1 p.c. alcoholic solution 
of dimethylglyoxime (J. pr. Chem. 1908, 77, 44) 
is added to a hot dilute hydrochloric acid solution 
of nickel followed by ammonia in slight excess. 
The red precipitate, after standing for about an 
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hour, is collected on a Gooch crucible, washed 
with hot water and dried at 110°-120° (Briinck, 
Zeitsch. angew. Chem. 1907, 20, 834; ibid. 
1914, 27, 315). 

(c) As nickel dicyanodiamidine Ni(N 4 H B C 2 0)o. 
Dicyanodiamidine sulphate and caustic alkali 
are added to &n ammoniacal solution of nickel 
salt, the yellow precipitato collected and dried 
at 115°. If cobalt is presont, hydrogen peroxide 
is first added to the ammoniacal solution. 
Aluminium and iron are kopt in solution by 
means of tartaric acid (Grossmunn and Schuck, 
Chem. Zeit. 1901, 31, 335, 911). 

(d) Small quantities of nickel may con¬ 
veniently be estimated by means of a-btnziUh- 
oxitne. For details, net A tack (Analyst, 1913, 
318). The method is available m preseuco of 
cobalt, iron, manganese, zinc, magnesium, and 
chromium (c/. Strebinger, Analyst, 1918, 301). 

Platinum. 

As metal. The solution of platinic chloride 
free from excess of acid is precipitated by am¬ 
monia, or, better, potassium chloride (r. Potas¬ 
sium), and the precipitate is filtered by Gooch’s 
method or through a plug of thoroughly dried 
asbestos contained in a weighed tube. The 
precipitate is dried, heated to redness in a 
current of hydrogen, washed with water to 
remove alkaline chloride, again dried, and 
weighed. The metal is also precipitated by 
reducing agents ( e.g . formic acid, alcohol m 
alkaline solution); and by metals such as mag¬ 
nesium or zinc (Chem. Zeit. 1905, 29, 293). 

Potassium. 

(a) As platinichloride K 2 PtCl fl . The solu¬ 
tion, which must contain the potassium in the 
form of chloride and be free from acid, is mixed 
with excess of platinic chlorido and evaporated 
to dryness on the* water-bath. 'The crystalline 
residue is washed with strong alcohol, without 
breaking the crystals, until the washings (which 
at first must be orange, showing the presence oi 
excess of platinum) are colourless. The pre¬ 
cipitate is left in the evaporating dish, and the 
washings are poured through a Bmall filter. 
When washing is complete, the precipitate is 
transferred to a weighed porcelain crucible by 
means of a jet of alcohol from a wash-bottle, and 
the alcohol is decanted off through the filter. 
The precipitato in the crucible is dried first at 
70° till most of the alcohol is expelled, and then 
at 100° for half an hour. The filter is dried, 
and any precipitate is detached from the paper 
as far as possible and added to the contents of 
the crucible, which is then weighed. The filter 
is burnt, and the ash allowed to fall into the 
orucible, which is again weighed. The increase 
in weight is filter ash and metallic platinum. 
The amount of platinichloride corresponding 
with the latter is calculated and added to the 
weight of the precipitate (v. J. Amer. Chem. 1 
Hoc. 1895, 17, 453; and Zeitsch. anal. Chem. 
1906, 45, 315; Chem. Zeit. 1906, 30, 084). j 
Or the precipitate of platinichloride is col¬ 
lected, washed with alcohol-ether water mixture, 
then dissolved in boiling water, and the solution 
boiled with an excess of, sodium formate'; after 
a few minutes hydrochloric acid is added, the 
heating continued until the reduced platinum 
has flocculated, when the platinum is collected, 
washed, ignited, and weighed fSteel, Analyst, 
1918, 43, 348). 


(b) As perchlorate KC10 4 . The solution 
containing potassium and sodium as chlorides 
is evaporated down with excess of dilute per¬ 
chloric acid until all the hydrogen chloride is 
expelled. The residue is taken up with alcohol, 
the precipitate collected on a Gooch crucible, 
washed with alcohol, and dried at 130° (Amer. 
J. Hoi. 1897, 2, 263; cf. Davis, Analyst, 1913, 
38, 47 ; Thin and Gumming, Trans. diem. Soc. 
1915, 107, 361 ; Baxter and Kobayashi, J. 
Amer. Chem. Hoc. 1917, 39, 249; Gooch and 
Blake, Amer. J. Hci. 1917, 44). 

As cobaltinitrite. The solution is evaporated 
and the residue mixed with 3 c.c. of a 50 p.c. 
cobaltous chloride solution and 3 c.c. of a 50 
p.c. sodium nitrite solution, and, after Btirring, 
mixed with 2 c c. 50 p.c. acetic acid. After 
standing the precipitate is collected on a filter, 
washed, and treated m a beaker with excess of 
N/50 potassium permanganate, warmed, 15 c.c. 
sulphuric acid (1:1) added, and the excess of 
permanganate titrated with oxalic acid solution. 
Tlie precipitate has tho formula K 2 CoNa(NO a ) 6 , 
and according to theory, 1 c.c. of N/50 per¬ 
manganate — 0'000156 gram K a () ; experiment 
shows a better factor is 0 000172 (Van der 
Horn van der Bos, Analyst, 1913, 294 ; cf. 
Milscherlich and Fischer, Analyst, 1912, 37, 
588 ; Ilaff and Schwartz, Analyst, 1917, 372). 
Bennett*(Analyst, Nil6, 165) combines the two 
methods by separating the potassium as the 
cobaltimtrite and weighing it as perchlorate. 

Selenium. 

As selenium. The solution is strongly acidi¬ 
fied with hydrochloric acid, mixed with excess 
of sulphurous acid or sodium hydrogen sul¬ 
phite, and boiled for about fifteen minutes. 
The precipitate is collected on a weighed filter 
and dried at a temperature below 100°. Solu¬ 
tions of selenium containing hydrochloric acid 
cannot safely be concentrated by evaporation 
except in presence of a largo quantity of alkaline 
chlorides, which provent the volatilisation of the 
selenium as chloride. 

Hypophosphorous acid in alkaline solution, 
and potassium iodide in acid solution, have also 
been recommended as reducing agonts (Zeitsch. 
anoig. Chem. 41, 448 ; and Amer. J. Sci. 1896, 

I [4] 1, 416). For a review of methods for esti¬ 
mating selenium, see Zeitsch. anorg. Chem. 1904, 
41, 291). 

Silver. 

As chloride AgCl, or bromide AgBr. The 
solution is acidified with nitric acid, heated to 
boiling, and mixed with a Blight excess of sodium 
chloride or potassium bromide. Estimation as 
bromide is to be recommended, since silver, 
chloride is not quite*' insoluble in pure water. 
The precipitate is washed with hot water, dried, 
detached from the paper as far as possible, 
transferred to a porcelain crucible, and dried at 
150°, or heated .slowly until it shows signs of 
fusion at the edges, and weighed. The filter is 
burnt and the ash added to the crucible, which 
is again weighed. The increase in weight is 
filter ash and metallic silver. The quantity of 
bromide or chloride corresponding with the 
latter is calculated and added to the weight of 
the precipitate. 

Sodium is weighed in the form of chloride 
together with any potassium which may be 
present, and is estimated by difference, or it may 
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be estimated directly as sulphate or chloride if 
potassium is absent. 

The following reagent precipitates sodium 
even from very dilute solutions, and is not 
interfered with by the other alkali metals or 
by magnesium and the metals of the alkaline 
earths. Three grams of bismuth nitrate and 
30 grams of potassium nitrite aro dissolved in 
water containing sufficient nitric acid to remove 
any turbidity, about 1 'fi grams of cesium nitrate 
are added, and the solution diluted with water 
to 100 c.c. The precipitation should be carried 
out in a stoppered bottle in an inert atmosphere. 
The precipitate, 5Bi(N0 8 ) s ,9CaN0.>,6NaN0 a , 
oontains 3’675 p.c. sodium (v. Ball, Chem. Soc. 
Trans. 1910, 97,1408). 

Strontium. 

(a) As sulphate SrS0 4 . The solution, which 
must contain but little free acid, is mixed with 
excess of dilute sulphuric acid and at least an 
equal volume of alcohol, and the precipitate is 
washed with alcohol. If alcohol cannot be used, 
a much larger excess of sulphuric acid is added 
and the precipitate is washed with cold water, 
but the results are less exact. 

(b) As carbonate SrCO a (which must not be 
heated too strongly) after precipitation by am¬ 
monium carbonate. 

According to Winkler (Zeitsch. angew 
Chem. 1918, 31, i. 80), the Aost convergent and 
exact method of estimating strontium is to 
precipitate it as oxalate, by the addition of a 10 
p.c. solution of potassium oxalate and washing 
with saturated strontium oxalate solution. The 
precipitate is driod at 100°, and weighed 
as or at 132°, and weighed as 

Sr0 2 0 4 . 

Tellurium. 

(а) As tellurium, by reducing solutions of 
tellurous or telluric compounds with sulphur 
dioxide and hydrazine hydrochloride (Lenher, 
J. Amer. Chem. Soc. 1908, 30,387). Other reduc¬ 
ing agents have been employed • sulphur dioxide 
and potassium iodide, hypo phosphorous acid, 
and grape sugar in alkaline solution. 

(o) As dioxide To0 2 (v. Amer. J. Sci. 1909, 
(iv.) 28, 112). 

Thallium. 

la) As thallous iodide TIL The solution is 
heated with sulphurous acid to reduoe all the 
thallium compounds to thallous salts, allowed to 
cool, and then mixed with excess of potassium 
iodide. The precipitate is washed with dilute 
aloohol, and dried on a weighed filter at 170° 
(t>. Baubigny, Corapt. rend. 1892, 113, 544). 

(б) As ihattout platinichloride. This salt is 
*very insoluble, but is difficult to filter (Crookes, 
Select Methods, 4th ed. p. 6.72). 

Tin. 

As oxide Sn0 2 , which is obtained when tin 
or one of its alloys is treated with nitric acid. 
The solution is boiled for ten minutes to ensure 
oomplete precipitation, and the precipitate is 
digested for an hour with dilute nitric acid 
(1:6) at 100° to remove other metals, washed 
with hot water, and ignited. 

In other cases the tin is precipitated as 
hydrated oxide. If the solution contains stannous 
salts, the latter are oxidised by chlorine or by 
hydrochloric aoid and potassium ohlorate, am¬ 
monia added until a slight precipitate forms, 
and hydrochloric acid until the precipitate just 


redissolves. The solution is then mixed with a 
moderately large quantity of a strong solution 
of ammonium nitrate or sodium sulphate, and 
boiled for some time. The precipitate is washed 
with hot water bv decantation and on the filter, 
dried, and heated. To ascertain if precipitation 
is complete, a small quantity of*the filtrate is 
added to a hot solution of ammonium nitrate or 
sodium sulphate. 

If the tin has been precipitated as stannic 
sulphide, the latter is washed with a solution of 
sodium chloride, and finally with a solution of 
ammonium acetate, dried, anjl roasted in a 
porcelain crucible until the weight is constant. 
Decomposition is facilitated by adding a small 
quantity of ammonium carbonate. 

In all cases tho filter is burnt separately and 
the ash dropped into tho crucible. 

Titanium. 

As dioxide Ti0 2 , after precipitation by 
ammonia. Usually the substance is dissolved 
in sulphuric acid, or is fused with potassium 
hydrogen sulphate and dissolved in water. The 
solution is diluted largely and boiled for some 
time, when all titanium is precipitated as hy¬ 
drated oxide, which is rendered anhydrous by 
ignition. The solution should contain 0*5 p.c. 
of free sulphuric acid ; if less, the precipitate is 
impure, if more, precipitation is incomplete 
(L<fvy). In presence of iron the rosults aro 
always somewhat too high. 

Baskervillc recommends fusing titaniferous 
iron ores with potassium hydrogen sulphate con¬ 
taining some sodium fluoride. The product 
is boiled with water containing nitric aoid and 
then neutralised with ammonia. The preoipitate 
is dissolved in dilute hydrochloric acid, avoiding 
any oxcess. The liquid is tfien saturated with 
sulphur dioxide and boiledf tho precipitate 
being collected, ignited, and weighed as TiO^ (J. 
Soc. Chem. Ind. 1900, 19, 419 ; also J. Amer. 
Chem. Soc. 1903, 25, 1073; and 1910, 32, 957). 
Tungsten. 

As tungstic anhydride W0 3 . The solution 
containing the tungsten as an alkaline tungstate 
is neutralised with nitrio mid and preoipitated 
with a neutral solution of mercurous nitrate. 
Tho precipitate is washed with a solution of 
mercurous nitrate, dried, and heated in a por¬ 
celain crucible, when tungstio anhydride is left. 

Fused lead tungstate, when boiled with strong 
hydrochloric acid, gives a precipitate of tungstic 
acid (Brearley, Chem. News, 1899, 79, 04). 
Uranium. 

(a) As the oxide U 3 0 8 . The solution, oxi¬ 
dised if necessary by nitrio acid, is heated to 
boiling and mixed with a slight exoess of am¬ 
monia. The precipitate of aoid ammonium 
uranate is washed with ammonium chloride solu 
tion, dried, and strongly heated. 

(b) As the pyrophosphate obtained 

by precipitating uranyl ammonium phosphite 
(U0 2 )(NH 4 )P0 4 with ammonium phosphate in 
the presence of ammonium acetate and igniting 
the precipitate at low redness. For the appli¬ 
cation of this process to uranium minerals, see 
Low’s Technical Methods of Ore Analysis, 3rd 
ed. p. 223; and J. Amer. Chem. Soc. 1901,23,085. 

Vanadiuiri. 

(a) As barium pyrovanadate 2BaO *V .0,. The * 
solution is neutialised with ammonia, heated to 
boiling, mixed with excess of barium chloride, 
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agitated, and cooled quickly out of contact with 
air. The preoipitate is washed and heated. 

(6) Ab manganese pi/rovanadate 2MnOV 2 0 5 . 
The solution is mixed with a slight excess of ammo¬ 
nium chlorido and ammonia, manganese chloride 
or sulphate mixed with ammonium chloride is 
added in excess., and the liquid is boiled two or 
three minutes and allowed to cool out of con¬ 
tact with the air. The precipitate, which should 
bo brownish yellow and free from oxidation 
products, is washed with cold water and heated. 

(c) As pentoxide V 2 0 6 , obtained (i.) by pre¬ 
cipitating bariunq.or lead vanadate, decomposing 
with sulphuric acid, filtering, evaporating the 
filtrate, and igniting; (li.) by precipitating and 
igniting mercury vanadate; (lii.) by precipitating 
ammonium vanadate by ammonium chloride 
and igniting the precipitate. 

For other methods of estimating and separat¬ 
ing vanadium, v. A. Carnot, Compt. rend. 104, 
1803 and 1850; Chem. Soc. Abstr. 1887, 890; 
Chem. Zeit. 1905, 29, 392; Amor. J. Sci. 1910, 
30, 220. 

Zinc. 

(а) As oxide ZnO, with previous precipitation 
by sodium carbonate in absence of ammonium 
salts. 

(б) As sulphide ZnS, by Rose’s method ftfter 
precipitating with ammonium sulphide. 

The filtration of the vino sulphide may be 
promoted by precipitating ill the presence of 
ammonium acetate or thiocyanate, and washing 
with a 5 p.c. solution of either of these salts. 
If merourio chlorido is added to the solution, 
the mixed precipitate of mercuric and zinc 
sulphides filters much better than the latter 
alono ; the former is expelled on ignition. 
Zirconium. 

Zirconium is ^quantitatively precipitated 
by aqimonium phosphate from solutions which 
are eithor neutral or contain up to 20 p.c. 
of sulphuric acid. The precipitate is calcined 
and weighed as pyrophosphate, the factor 
for conversion to ZrO* being 0487. The 
method may be used for tho estimation of 
zirconium in presence of iron, chromium, and 
aluminium, but an acidity equal to 20 p.c. 
sulphuric acid is necessary if the first two are 
present, or 10 p.c. if only aluminium is present, 
in order to avoid simultaneous precipitation of 
these'metals (Nicolardot and Reglaac, Compt. 
rend. 1919, 108, 348). 

Acid Radicals. 

Carbonic acid. 

The estimation of carbon in carbonates may 
be made by a loss in weight method. The car¬ 
bonate is weighed into an apparatus fitted with 
a stoppered dropping funnel containing acid 
to decompose the carbonate, and an exit tube 
containing strong sulphuric acid to dry the 
escaping gas. Tne apparatus is weighed with 
the acids, &c., after the carbonate has been, 
introduced. The acid is then allowed to drop 
on the carbonate until tho decomposition is 
complete, and the liquid boiled to expel dis¬ 
solved carbon dioxide. .The apparatus is again 
weighed and the loss of weight gives the 
amouift of carbon dioxide. The apparatus is 
figured in most treatises on quantitative analysis. 
More aocurate results are obtained by weighing 
the carbon dioxide directly by absorbing it in 


weighed tubes containing soda lime or in bulbs 
containing aqueous caustio potash. For a com¬ 
plete form of apparatus for this estimation, see 
Thorpe’s Quantitative Analysis, 9th ed. p. 86, 
and Clowes and Coleman’s Analysis, 8th ed. 
p. 104. 

When carbonates and sulphides occur to¬ 
gether, the gases evolved on treatment with 
acid are passed into a solution of copper acetate 
acidified with acetic acid and heated to boiling. 
Hydrogen sulphide is absorbed, with forma¬ 
tion of copper sulphide, and oarbon dioxide 
passes on. 

For a convenient apparatus for determining 
small quantities of carbon dioxide, see Sinnatt 
(Analyst, 1913, 136). As shown by Morgan a 
solution of phosphoric acid may conveniently 
replace the hydrochloric or sulphuric acid 
usually employed (Proc. Chem. Soc. 1904, 20, 
167). 

For the estimation of carbon dioxide in tho 
presonco of nitrites, sulphides, and sulphites, see 
Marie, Chem. Soc. Trans. 1909, 1491 ; and 
Wolkowitz, Zcitsch. angew. Chem. 1894, 165. 

Chloric acid. 

Any chlorine present as chloride is deter¬ 
mined, the chlorate reduced by a zinc-copper 
couple, and tho chlorine again determined. 
The difference is tho amount of chlorine existing 
as chlorate (Thorpef* Chem. Soc. Trans. 1873, 
541). Thin granulated zinc is washed with 
caustic soda solution, then with dilute sulphuric 
acid, which is allowed to act for a short time, 
and finally with water. It is then covered with 
about 100 c.c. of a 3 p.c. solution of oopper 
sulphate heated to 40°-60°. When most of the 
copper has been deposited, the liquid is carefully 
poured off, and treatment repeated with a fresh 
quantity of solution. The zinc-copper couple 
is now very carefully washed with distilled water 
by decantation, not more than 0'5 gram of 
potassium chlorate, or tho equivalent quantity 
of any other chlorate, is weighed out into the 
beaker and dissolved m about 25 c.c. of warm 
water, which should just cover the couple. 
The liquid is heated gently for half an hour, then 
boiled for half an hour, dilute sulphuric acid 
added drop by drop until tho white precipitate 
of zinc hydioxide and oxychloride just dissolves, 
filtered, the filtrate neutralised with pure calcium 
carbonate, and the chlorine estimated by 
standard silver nitrate solution (Chem. Soc. 
Trans. 1888, 166). 

This reduction may also be effected by 
De varda’s alloy (A145, Zn 5, Cu 50). Jannascn 
recommends hydroxylamine sulphate and excess 
of nitric acid as a suitable reducing agent for 
chlorates while bromfctea and iodates are best 
reduced by hydroxylamine in ammoniacal solu¬ 
tion (Ber. 1905, 38, 1576). Formaldehyde in 
dilute nitric acid reduces chlorates in 30 minutes 
and bromates in 2| hours; iodates are not reduced 
(GrUtzner. Arch. Pharm. 1896, 294, 634; com¬ 
pare Brunner and Mellet, J. pr. Chem. 1908, 77, 
33). 

Hydrobromic, hydrochloric, and hydrlodic 
adds. 

As silver salts (AgBr, AgCl, Agl). The solu¬ 
tion is mixed with exoess of silver nitrate, 
acidified with nitrio acid, and heated to boiling. 
The precipitate is treated exactly as in the esti¬ 
mation of silver. 
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Hydrofluoric acid. the gas evolved is led into two or three bulb 

(a) As calcium fluoride CaF„ in the oase of U-tubes containing a solution of bromine in 
soluble fluorides. The solution is mixed with dilute hydrochlorio acid, whioh converts the 
a moderate excess of sodium oarbonate, heated hydrogen sulphide into sulphuric acid. When 
to boiling, and mixed with excess of calcium decomposition is complete, the liquid in the flask 
chloride. Thd precipitate is washed, dried, and is boiled, and the last traoes of the gas are drawn 
heated to redness in a platinum crucible, then through the bulbs by means of*an aspirator, 
treated with excess of acetic acid, evaporated to The contents of the bulb tubes are transferred 
dryness, and heated to expel excess of acid. The to a beaker, heated to expel bromine, and the 
produot is now heated with water, and the in- sulphuric acid precipitated bv barium chloride, 
soluble caloium fluoride filtered off, washed, and Sulphides which are not decomposed by hy- 


heated. 

(6) Indirectly as silicon fluoride SiF 4 . The 
finely powdered solid substance is placed in 
a deep platinum crucible and covered with three 
or four times its weight of puro precipitated silica, 
the weight of which is accurately known. Sul¬ 
phuric acid is then added, and the crucible gently 
heated for half an hour. The temperaturo is 
raised to expel most of the sulphuric acid, the 
residue treated with hydroclilonc acid, washed, 
dried, and heated. The hydrofluoric acid is 
calculated from the loss in weight of the silica: 
4HF = Si0 2 . The amount of silica in the sub¬ 
stance must be known, and its weight added to 
that of the admixed silica. 

(c) By distillation and weighing as calcium 
fluoride. The fluoride is decomposed by concen¬ 
trated sulphuric acid in a platinum apparatus; 
the hydrogen fluoride carried off in a current of 
air and carbon dioxide and absorbed in a solution 
of pure caustic soda contained in a platinum 
dish. Calcium chloride is added to this solution 
and the precipitate (Ca(J0 3 and (Jah\) washed, 
ignited, and treated with dilute acetic acid in 
moderate excess. After evaporation to expel 
this excess of acid, tho residue is taken up with 
water and the insoluble calcium fluoride collected, 
washed, and ignited (Jannasch and Itottgen, 
Zeitsch. anor„. Chem. 1895, 9, 207). The 
apparatus employed is figured in Jannasch’s 
Praktischer Leitfadon der Gewichtsanalyse, 
2nd ed. 411 (compare also J. Amer. Chem. 
Soc. 1901, 23, 825; and Chem. News, 1905, 
92, 184). 

(d) Directly as silicon fluoride (Frcsenius). 
The mineral is finely powdered and intimately 
mixed with ignited quartz and heated with con¬ 
centrated sulphuric acid in a dry U-tube at 
150•’ -100°. A current of dry air free from carbon 
dioxide is drawn through the decomposition tube 
and thenoe through a series of five (J-tubes. 
The first of these is empty and cooled by im¬ 
mersion in cold water; the second contains glass- 
wool, or, if the substance contains chlorine, half 
is filled with pumice, impregnated with anhydrous 
copper sulphate, and the other half with pure dry 
calcium chloride. The thied and fourth tubes 
are weighed and serve to absorb the silicon 
fluoride; the third contains pumice moistened 
with water, and the fourth contains soda Ime 
and calcium chloride. The fifth tube is a guard 
tube containing the same reagents as the fourth. 
After one or two hours the decomposition of the 
fluoride is complete, and the gain in weight of tho 
absorption tubes rc presents the amount of silicon 
fluoride generated. This process may be ren¬ 
dered volumetric (v. Volumetric section). 

Hydrogen sulphide (sulphides). 

Insoluble sulphides are decomposed by hydro¬ 
chloric acid in a flask similar to that used in 
the gravimetric estimation of carbonio acid, and 


drochlorio acid may be oxidised with aqua regia, 
hydrochlorio acid and bromine, # or hydrochloric 
acid and potassium chlorate, the sulphuric acid 
formed being weighed as barium sulphate. 

Nitric acid. 

(a) Indirectly, as ammonia, by means of the 
zinc-copper couple (Thorpe). A zinc-copper 
couple (v. Chloric acid) is made in a flask into 
which is weighed a quantity of the nitrate cor¬ 
responding with not more than 0-5 gram of 
potassium nitrate, and sufficient water is added 
to just cover the couple. The flask is attached 
to a condensor, the other end of which is con¬ 
nected with a JJ-tubo or flask containing hydro¬ 
chloric acid, as in the estimation of ammonia. 
The liquid is gently heated for some time, and 
then distilled nearly to dryness. After cooling, 
a further quantity of water is added to the couple, 
and distillation repeated. The ammonia in the 
distillate is estimated as platinichlorido, or is 
received in a measured volume of standard acid 
and titrated. The reduction can also be con¬ 
veniently effected by the use of Devarda’s alloy 
(v. Chloric acid) in alkaline solution (Analyst, 
1910, 35, 307). 

(h) Schloesing's method. When a solution of 
a nitrate is heated with an §.cid solution of a 
ferrous salt, tho nitrate is decomposed, the 
whole of the nitrogen being evolved as nitric 
oxide, whioh is measured. The difficulty lies 
mainly in obtaining the nitric oxide free from 
air. The apparatus employed consists of a small 
distilling flask provided with a side tube which 
terminates under a gas-collecting tube in a mer¬ 
curial trough. The neck <*f the flask is fitted 
with a cork, which carries a tube funnel provided 
with a stop-cock and another tube connected 
with a carbon-dioxide apparatus. Carbon di¬ 
oxide free from air is passed into the apparatus 
until all air is expelled and the gas issuing from 
the exit tube is completely absorbed by caustic 
potash. The substance containing the nitrate, 
which must be in the solid condition, is dissolved 
in 2 or 3 c.c. of concentrated ferrous chloride 
solution, mixed with 1 c.c. of strong hydrochlorio 
acid, and introduced into the flask by means of 
the funnel tube, care being taken that no air 
enters. The dish and the funnel are rinsed with 
very small quantities of acid, the object being 
to use as little liquid aa possible. Tho contents 
of the flask arc then rapidly boiled to dryness, 
the evolved gas being collected in tho tube over 
mercury, and carbon dioxide is driven through 
tho apparatus to expol all nitrio oxide. The 
mixture of nitrio oxide and carbon dioxide is 
transferred to an apparatus for gas analysis ; the 
latter absorbed by causti<5 potash^and the former 
mixed with fcxygen and absorbed by alkaline 
pyrogallol. Nitrites are converted into nitrates 
by addition of hydrogen peroxide during evapo¬ 
ration of the original solution (t>. Warington, 
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Ohm. Soo. Tran*. 1880, 488, *nd 1882, 
MS). 

(«) By standard indigo solution (Warington, 
Chem. News, 85, 45, and Chem. Soo. Trans. 
1879, 578). 

(d) As 1 : i-dipktnyl-3 : 5-tndanilodihydro- 

triazole nitrate ' 15 N,,HN’0, A 10 p.c. so¬ 

lution of the base 1 : 4-diphonyl-3 : 6-eodanilo- 
hydrotriazole ‘ Nitron,’ 

C.H.-N-N 

N-C.H, 

in 5 p.c. acetic acid produces a voluminous 
white precipitate in dilute nitric acid or nitrate 
solution. Nitrites interfere by giving a sparingly 
soluble salt with this k ,base ; they are removed 
by hydrazine sulphate. Bromides, iodides, 
chlorates, perchlorates, and chromates, are also 
precipitated by nitron, and must be removed. 
Organic matters do not seriously affect the 
method, whioh has been tested successfully 
with solutions containing 0-5 p.c. of gelatine, 
and 2 p.c. of dextrin (Busch, Bor. 1905, 38, 
861). The method gives favourable results for 
nitrates in water or fertilisers (Collins, Analyst, 
1907, 32, 349). 

(e) Howard and Chick have shown that 
cinchonamine gives a very insoluble nitrate and 
can be used in estimating nitric acid and its 
salts (J. Soc. Chem. Ind. 1909, 28, 53). 

Oxalio add. 

As calcium oxalate. The method is already 
indicated under Calcium. 

Phosphoric acid. 

As magnesium pyrophosphate JVlg a P 2 0 7 . The 
operation is condjieted as m the estimation 
of magnesium. 1« magnesium sulphate is used 
as the precipitant, the precipitate may be con¬ 
taminated with basic magnesium sulphate ; it is 
therefore advisable to employ a solution of the 
chloride, which is made as follows : 85 grams of 
crystallised magnosium sulphate are dissolved in 
boiling water, acidified with5c.e. of hydrochloric 
aoid, mixed with an aqueous solution of 82 
grains of orystalliscd barium chloride, boiled, and 
filtered. A few drops of magnesium sulphate 
solution are added to be sure that there is no 
excess of barium, then 165 grams of pure am- 
monfhm chloride, and 260 c.c. of ammonia, and 
the solution diluted to 1 litre. After two or 
three days the solution is filtered. In many 
cases the phosphoric acid is first separated by 
ammonium molybdate [v. Methods of separation). 
Silicic acid. 

As silica' SiO s . Soluble silicates are aoidified 
with hydrochlorio acid and evaporated to com- ! 
plete aryness; moistened with strong hydro¬ 
chloric acid, again evaporated twice to dryness, 
so aa to agglomerate the silica, tin* residue treated 
with dilute acid, and the insoluble silica washed 
with hot water and ignited. 

Insoluble silicates are very finely powdered, 
intimately mixed with about five times their 
weight of a dry mixture of sodium and potassium 
oorbonates in equal proportions, anil heated to 
redness in a platinum cruoible for‘half an hour. 
The choled mass is treated with water, aoidified 
with hydrochlodo acid, and evaporated as 
above. • 

<For the separation of silica when the alkalis 


have to be estimated, v. Methods of sepamkok, 
Group VI.) 

Sulphuric acid. 

As barium■ sulphate BaS0 4 , by precipita¬ 
tion with barium chloride. The ohief difficulty 
arises from the tendency of the barium sulphate 
to separate in a finely divided condition and to 
carry down impurities, especially in presenoe of 
nitrates and potassium salts. These souroes of 
error arc avoided by taking care that the solution 
is somewhat dilute, is free from nitrates, and 
contains a moderate but not excossive quantity 
of free hydrochlorio acid. The solution and the 
barium chloride solution should both be heated 
to boiling, and mixed gradually, with continual 
agitation. The liquid may be filtered as soon aa 
it has become clear, and the precipitate is washed 
with hot water and heated to dull redness. If 
too little hydrochloric acid is present, the pre¬ 
cipitate is iiable to be impure; if a very large 
excess of the acid is present, precipitation is not 
quite complete (compare Allen and Johnston, 
J. Amer. Chem. Soc. 1910, 32, 588). 

Sulphurous acid. 

Jndui’Ctly as barium sulphate after oxidation 
by bromine water, excess of bromine being ex¬ 
pelled by boiling. 

Thiosulphuric acid. 

Indirectly as barium sulphate after oxidation 
by bronftne water, ftxeess of bromine being ex¬ 
pelled by boiling. 

Water is usually estimated by'difference. If 
a direct determination is required, the method 
to bo adopted will depend upon circumstances. 
In many cases it is sufficient to heat the substance 
on a watch-glass, or in a crucible in a drying 
oven, at a definite temperature, until the weight 
is constant. During weighing the dried sub¬ 
stance must bo carefully protected from the 
air. Attention must, however, be paid to the 
possibility of the volatilisation of substanoos 
other than water. Many hydrated haloid salts, 
for example, lose part of their acid. In such 
cases the substance is previously mixed with 
a known weight of perfectly dry lead monoxide. 
Ammonia, ammonium salts, and volatile organic 
matter may also bo given off. If the drying is 
conducted in a glass tube, the vapours may be 
led mto Btandard acid and the ammonia deter¬ 
mined by titration: the total loss, minus the 
ammonia, gives the amount of water. Some 
substances increase in weight in consequenoe of 
oxidation. * Frequently it is desirable to collect 
the evolved water and. weigh it direotly. The 
substance is introduced into a glass tube (plain, 
or with a bulb in the middle) drawn out and 
bent at right angles at one end, which paseeB 
directly, without an^ intervening indiarubber 
tube, through the cork of a JJ-tube containing 
either calcium chloride or pumice moistened 
withstrong sulphuricacid ( v . Organic analysis). 

In certain cases the water may frequently 
be estimated with considerable accuracy by 
boiling the substance with paraffin oil ana 
measuring the expelled water in a graduated 
tuH) (cf. Huntly and Coete, J. Soc. Chem. Ind. 
1913, 32, 62; Campbell, ibid. 1913, 32, 67; 
Skertchley, ibid. 70; St. von Haydin, Analyst, 
1913, 177 ; Michel, Analyst, 1913, 207). 

All fluosilicates, even topaz, evolve silicon 
fluoride on ignition, and water is estimated by 
mixing the mineral with lead oxide in a hard 
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glass tube, heating th* aiftonin a currant of dry 
air and passing the hum over a layer of load 
oxide contained in the same tube. The water 
is collected and weighed in calcium chloride tubes. 

Methods op Separation. 

A. The Estimation of the Metals in their Ores 
and AUoys. 

In this section the metals are arranged in the 
order in which they occur in the qualitative 
groups. Both gravimetric and volumetric me¬ 
thods are included in this description, the 
latter being indicated wherever possible, owing to 
the greater rapidity with which the analysis can 
be executed. 

Group I. 

Silver is separated from all other metals by 
treating its ores and alloys with moderately 
strong nitric acid, evaporating off excess of 
solvent, diluting with water, and adding to the 
filtered solution oithor hydrochloric acid or 
sodium ohloride. To remove any lead or thallous 
chloride which may be present, the precipitate 
is extracted repeatedly with warm water; it 
should, however, be remembered that silver 
chloride is not absolutely insoluble in hot 
water. Silver is conveniently estimated volu- 
metrioally in the above dilute nitric acid solution, 
after boiling off nitrous fu.toes, by adding ferric 
indicator and titrating with standard ammonium 
thiocyanate in accordance with Volhard’s method 
(see Volumetric, section). The presence of 
other metals having colourless salts does not 
interfere with this process; nickel, cobalt, and 
copper must not be present to any large extent, 
and mercury should be absent because of the 
insolubility of mercuric thiocyanate. When more 
than GO p.c. of copper is present, tho silver is 
precipitated with excess of alkali thiocyanate. 
The well-washed silver thiocyanate is decomposed 
by strong nitric acid, the sulphuric acid produced 
precipitated by barium nitrate, and the Volhard 
titration effected without filtering off the barium 
sulphate (v. Ber. 1905, 38, 66G). 

The silver in argentiferous galena is estimated 
by fusing the sulphide with crude potassium 
hydrogen tartrate (argol), and sodium carbonate 
in an iron crucible, and by heating the lead-silver 
button thus obtained in a porous bone-ash cru¬ 
cible (‘cupel’) until the lead is removed as 
oxide, partly by volatilisation and partly by 
absorption into tho cupel. The residual silver 
is detaohed from the cold cupel and weighed. 

Gold quartz is assayed for silver by heating 
the mineral with lead oxide, and a reducing flux, 
when the lead produced extracts both the gold 
and silver. This alloy is dhpelled, and the silver- 
gold button is 4 parted ’ by heating with strong 
nitric acid diluted with three parts of water; the 
residual gold is collected, ignited, and weighed. 
The silver is precipitated by hydrochloric acid 
from the nitrio acid solution. When more than 
30 p.c. of gold is present in the button before 
parting, this metal will retain silver. In order to 
prevent this retention, a known weight of silver 
u added to the fused button. (For further j 
details of the separations of gold, silver, and lead 
in the dry way, see Assaying.) 

Thallium, in tho more stable thallous con¬ 
dition to which thallic salts are readily reduced, 
is separated from the metals of Group II. by 


precipitating the latter with hydrogen tuiphtfe 
in acid solution. Alkali hydroxides separate it 
from all metals, giving insoluble hydroxide*, and 
ammonium sulphide, which precipitate* thaBom 
sulphide, separates this metal mom the alkalii 
and alkaline earths. Gravimetrioally, thallium 
oan be weighed as aoid sulphate «T1HS0 4 , stable 
at 240°, and aB sulphate T1,S0 4 , stable at krtv 
red heat; it can be preoipitated and weighed 
as iodide Til, plafcinichloride Tl,PtCl e , and onro- 
mate Tl 2 Cr0 4 . Volumetricallv, it oan be esti¬ 
mated by the oxidation of thallous salts by per¬ 
manganate or by titrating with,thiosulphate the 
iodine set free in accordance with the following 
reaction: TlCl n + 3K1 = Til + 3KC1 -f I 2 (Chem. 
Soc. Proo. 1908, 24, 75). 

Group II. 

Mercury in its ores is^generally ostimated by 
distillation with quicklime in a current of coal 
gas or carbon dioxide. The decomposition of 
the mercury compounds is facilitated by mixing 
copper strips with the quicklime, and the pre¬ 
sence of this reducing agent is essential in the 
case of mercurio iodide. The moroury whioh 
distils over is collected under water, washed, 
h ied, and weighed. Ores containing only small 
amounts of mercury are decomposed by heating 
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with iron filings in a porcelain crucible, a, having 
a silver lid,/, which is cooled by a water-jacket, 
6, laid upon it. Tho mercury condenses on tho 
under surfaoe of the silver plate, /, which is 
weighed before and after the experiment (v. 
Holloway, Analyst. 1906, 31, 66). 

Mercury is separatedjrom all other metals 
in the wet way by dissolving the ore or alloy in 
nitric acid or aqua regia, diluting considerably, 
precipitating the sulphides of Group II. by hydro¬ 
gen sulphide, removihg the arsenic-tin sub-group 
by means of yellow ammonium sulphide (not 
sodium sulphide or hydroxide), treating the 
residual sulphides with dilute nitric acid (sp.gr. 
1*2—1*3), and dissolving the final residue in 
aqua regia and filtering if necessary from sulphur 
and lead sulphate. The mercury can be re- 
procipitated by almost neutralising the acid 
solution, adding in succession ammonium sul¬ 
phide, oaustic soda and ammonium nitrate. 
The caustio soda rodissolves the sulphide initially 
formed as the soluble double sulphide Hg(SNa)», 
and from this the ammonium nitrate reprecipi- 
tates mercurio sulphide in a form suitable for 
collection. The precipitate is washed succes¬ 
sively with water, alcohol, and carbon disulphide, 
dried at 110°, and weighed as HgS. (For other 
methods of separating^meroury, see Jannasch, 
Zeitsch. anoKg. Chem. 1896, 12, 132, and 359; 
and Stahler* Chem. Zeit. 1907, 31, 615.) 

Lead in its ores and alloys is usually separated 
from other m^als by dissolving the suostanoe 
in hydrochloric or nitric acid, or if neoessarv in 
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i mixture of the two acids and evaporating down (III., IV., V., and VI., by precipitation m sulphide 
file solution with sulphurio acid until white by hydrogen sulphide in acid solution. In 
fumes are evolved. The mixture is then cooled alloys and ores it is generally separated from 
diluted with water, and the lead sulphate quickly antimony and tin by rendering these insoluble 
collected. If the amount of lead is small, alcohol bv the action of moderately strong nitric acid, 
must be added to complete the preoipitation. If, however, the sulphides of these metals and 
The lead sulphate thus obtained is freed from arsenic are present, they are extracted from the 
silica, stannic oxide, and other impurities by precipitate with alkali sulphides (not ammonium 
dissolving it in an excess of ammonium or sodium sulphide). The insoluble residue, containing the 
acetate. sulphides of copper, bismuth, lead, mercury, and 

When separated as lead sulphate, the lead cadmium, is treated with nitric acid (v . Mercury 
can be estimated volumetrically by boiling the and Bismuth). Copper is readily separated 
precipitate with^ammonium carbonate and then from bismuth by means of ammonium carbonate, 
dissolving the lead carbonate in acetic acid. The which precipit ates basic bismuth carbonate, 
lead is thus converted into lead acetate which it leaving copper in solution. The separation from 
titrated with standard fcrrocyanido using as indi cadmium may he effected by one of the following 
cator drops of uranium acetate on a porcelain methods:—(1) Hydrogen sulphide is passed 

f )late. The lead may al^o be reprocipitatod as oxa- into a boiling solution of the sulphates of copper 
ate from the acetate solution by alkali oxalate, and cadmium in dilute sulphurio acid (1 : 4). 
the washed lead oxalate being then suspended The precipitated copper sulphide, which contains 
in dilute sulphuric acid, and titrated with some cadmium, is rcdissolved in nitric acid, and, 
standard permanganate. From the solution of after expelling excess of the solvent, the precipi- 
the sulphate in sodium acetate the lead can be tation is repeated. (2) Tho copper is preci- 
precipitated as chromate by potassium dichro- pitated as cuprous thiocyanate, leaving cadmium 
mate. The chromate is dissolved in dilute nitric in solution. (3) The copper is converted into 
acid, and reduced with methyl or cthvl alcohol, potassium cuprocyanide K s Cu(CN) 4 , with a 
The solution, rendered ammoniacal, is treated considerable excess of potassium cyanide, and the 
with oxalic acid, when lead is precipitated and cadmium precipitated with hydrogen sulphide or 
titrated as above with standard permanganate (v. ammonium sulphide (compare also Browning, 
Chem. Nows, 1896, 73, 18 ; .7. Amor. Chom. Soc. Ainer. J* Soi. 1893, fd] 46, 280). 

1896, 18, 737; Zeitscli. anal. Chem. 1902, 41, The following volumetric processes t for copper 
663). Lead may be separated from copper by are employed in the technical analysis of the 
electrolysing a solution of the metals in dilute ores of this metal, (i.) The mineral is dissolved 
nitric acid with a weak current (0*6-1 *6 amperes in hydrochloric and nitric acids, and the solution 
and 1*4 volts), when the lead is precipitated as boiled down with sulphuric acid to expel the 
dioxide on the anode (a platinum dish with un- volatile acids. The copper is precipitated from 
polished inner surface). the boiling solution by introducing a sheet of 

Bismuth is separated from all other metals aluminium and redissolving in nitric acid with 
but those of Group II. by tho precipitation of its the addition of bromine to destroy nitrous 
sulphide by hydrogen sulphide in acid solution, fumes. The solution is neutralised with am- 
The insolubility of tho sulphide in ammonium monia, acidified with acetic acid, and treated 
sulphide separates this metal from arsenic, anti- with excoss of potassium iodide, when tho liber- 
mony, and tin. The further separation of bis- a ted iodine is titrated with standard thiosul- 
muth from mercury, copper, and cadmium pre- phate (Low, J. Amer. Chem. Soc. 1902, 24,1082). 
sents no particular difficulty, and is effected by (ii.) A solution of potassium cyanide is standard¬ 
taking advantage of the solubility of bismuth ised against pure copper foil by dissolving the 
sulphide in nitrio acid (sp.gr. 1 *26), and the latter in nitric acid, adding bromine, boiling to 
preoipitation of bismuth oxychloride on diluting expel nitrous fumes and excess of bromine, adding 
considerably an acid solution of bismuth chloride, ammonia till strongly alkaline, and titrating with 
The problem of separating bismuth from lead the cyanide solution until the blue tint dis- 
is, however, much more troublesome, and the appears. The copper ore is treated as in (i.), the 
following appear to be most trustworthy methods: copper being precipitated by aluminium, re- 
(i.) the separation of the bismuth as basic nitrate dissolved in nitric acid, and the resulting solution 
and -the solution of lead nitrate in dilute am- titrated in manner just described (v. Brearley, 
monium nitrate (J. pr. Chom. 1858, 74, 345); (ii.) Chem. News, 1897 76,189). (For other methods 
the distillation of the mixed sulphides in a cur- of separating and estimating copper, see also 
rent of bromine, when bismuth bromide is volati- Zeitsch. anorg. Chem. 1896, ii. 268 ; Chem. Soc. 
lised, leaving bohind lead bromide (Jannasch, Abstr. 1901, ii. 197; tJ. Amer. Chem. Soc. 1905, 
Praktischer Leitfadend('i*Gewiohtsanaly8e,lsted. 27, 1224; Zeitsch. anal. Chem. 1907, 46, 128 ; 
155); (iii.) tho precipitation of bismuth as the J. Amer. Chom. Soc. 1908, 30, 760; Chem. Zeit. 
basio formate; a repetition of this operation gives 190$ 33, 263; Amer. J. Sci. 1909, (iv.) 27, 448.) 
a precipitate free from lead, which is dissolved in (For electrolytic estimation of cupper, v. 
dilute nitrio acid, the solution almost neutralised Electro-chemical Analysis.) 
with sodium carbonate, and the bismuth then Cadmium is separated from the other metals 
finally precipitated and weighed as phosphate of Group II. by the methods indicated tinder 
BiPO, (Stahler, Chem. Zeit. 1907, 31, 615). The copper, lead, &c. In the ptesenoe of zinc, Fox 
lead in the filtrate f^pm the formato sepa- reoommends preoipitation in a solution con- 
ration is precipitated as sulphide, oonverted into taining trichloroaoetio acid (Chem. Soo. Trans, 
sulphate, and weighed as such. This method 1907, 91, 964). Eleotrolytioally, cadmium is 
of separation gives aoourate results (Little and j deposited from a cyanide solution (0*7-1 *2 ampereu 
Cahen, Analyst, 1910, 35, 301). , j and 4*8-5 volts); the use of a rotating cathode 

Copper is separated from the metals of Groups | accelerates the rate of deposition (compare 
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Flora, Amer. J. Sci. 1900, 70,203 and 392; and | evaporated nearly to drynesa with rtrong eul 
Avery and DaleB, J. Amer. Chem. Soo. 1897,19, phurio aoid and potassium hydrogen sulphate, 
379 ). the melt dissolved in dilute hydrochlorio aoid 

Tin, antimony, and arsenic are separated and titrated with standard permanganate, 
from the remaining metals of Group II. by The arsenious sulphide is dissolved in warm 
digesting the group precipitate at 80° with con- .ammonium sulphide, and the solution heated 
centrated yellow ammonium sulphide, when the strongly with strong sulphuric aci<f and potassium 
sulphides of these three metals dissolve, leaving hydrogen sulphate until all the sulphur and 
the other sulphides insoluble. Copper sulphide nearly all the acid are expelled. The residue is 

is appreciably soluble in this solvent, and in the boiled with water to expel sulphur dioxide, 

presence of copper it is preferable to use sodium neutralised, and titrated with standard iodine 
or potassium sulphide, but in the presence of solution in the presence of sodium bioarbonate. 
mercury these reagonts are inadmissible, owing Arsenic may also be estimated in minerals ■ 
to formation of the soluble double sulphide (which do not contain phosphates) by fusing the 
Hg(SK),. In the presence of much lead a powdored ore with sodium carbonate and nitre 
small amount of tin is retained in the insoluble or sodium peroxide, extracting the fused masB 
residue. Arsenic rarely occurs in alloys, and with water and precipitating silver arsenate 
in these substances antimony and tin are f r0 m the neutralised solution. This precipitate 
separated from other metals as insolublo oxy- j 8 redissolvod in nitric acid, and the amount 
acids (metantimonic and metastannie acids) by 0 f silver in it determined by standard thio- 
the use of nitric acid as solvent. cyanate; whence the quantity of arsenic pre- 

Arsenic is separated from antimony and tin B6 nt can be readily calculated. (For other 
by distilling the hydrochloric acid solution of processes for the estimation of arsenic in 
the three elements with ferrous chloride; the technically important materials, i>. Clark, Chem. 
arsenic is volatilised as arsenious chloride; this g 0 c. Trans. 1892, 61, 424; Friedheim, Zeitsch. 
compound is collected in cold water and the anal. (’hem. 1905, 44, 665; Heath, Zeitsoh. 
arsenic precipitated as trisulphide (Fischer, anorg. Chem. 19i)8, 59, 87; Gooch and Phelps, 
Zeitsch. anal. Chem. 1881, 21, 266). Various Amer. 3. Sci. 1906, (iv.) 22, 488 ; McGowan and 
modifications of this method have been intro- Florin, J. Soc. Chem. Ind. 1905, 24, 2C5 ; Sanger 
duced; the distillation is carried on in t?current a nd Black, ibid 26, 1115; Collins. Analyst, 
of hydrogen chloride and hydrogen sulphide, 1912,37,229) (For the detection and estima- 
the latter ^serving as the reducing agent | tion of minute quantities of arsenic, v. Arsenic.) 
instead of xerrous chloride; the volatilised j Separation of tin and antimony. In the 
arsenious chloride is converted in the cooled absence of any largo amount of lead or other 
receiver into the trisulphide (Piloty and Stock, metal giving a sulphide insoluble in am- 
Ber. 1897, 30, 1649). (For other modifications, monium sulphide, tin and antimony can be 
see Gooch and Danner, Amci. J. Sci. 1891, (3 \ separated from these metals by means of this 
42, 308; Androws, J. Amer. Chem. Soc. 1895, reagent, but if lead is present in considerable 
17, 869; Itohmor, Ber. 1901, 34, 33; Morgan, amount the tin is never confpletely extracted, 
Chem. Soc. Trans. 1904, 85; 1001.) a portion always remaining in the insolublo 

The arsenic may also be separated from tin residue. In this case it is preferable to separate 
and antimony by dissolving tho three sulphides out the tin and antimony by oxidising them to 
in ammoniacal hydrogen peroxide, neutralising their insoluble hydrated oxides by means of 
the solution with mineral acid, acidifying with nitrio acid. These oxides when fused with 
tartaric acid, and precipitating the arsonic caustic soda in a silver crucible yield sodium 
as magnesium ammonium arsonate by the Btannate and antimotiat®; the latter of these 
addition of ammonia and magnesia mixture salts is practically insoluble in dilute alcohol 
(see Qualitative analysis). _ (1 vol. alcohol, 2 vols. water), whilst the former 

The following method of separating arsenic jg readily dissolved. A repetition of this prooess 
and antimony in their ores, leads to volumetric with the insoluble antimonate leads to a oom- 
processos for the determination of these elements pletc separation. 

(Low, J. Amer. Chem. Soc. 1906, 28, 1715). The When present as sulphides, these metals are 
mineral is decomposed by heating with strong conveniently dealt with by Hcnz’s modification 
sulphuric acid (20 parts) containing potassium of Clark’s method. The sulphides are dissolved 
hydrogen sulphate (1-4 parts), and 1 part of in excess of aqueous caustic potash containing 
tartaric acid. The cooled product is taken up potassium tartrate; the solution is gradually 
with 350 o.o. of hot water, 10 o.c. of strong hydro- heated to boiling with excess of 30 p.c. hydrogen 
chloric acid, and 3 gramstof tartario acid, and peroxide. When the oxidation of the sulphides 
the solution saturated with hydrogen sulphide. i s complete, excess of oxalic acid is added (15 
The mixed sulphides are dissolved in aqueous grams for 1 gram of mixed metal), the liquid 
potassium sulphide, and the filtrate evapo&ted boiled to destroy excess of hydrogen peroxide, 
down with 10 o.o. of strong sulphuric acid and and hydrogen sulphide passed for some time 
3 grams of potassium hydrogen sulphate until through the hot solution. The precipitated 
the sulphur and the greater part of tho free aid antimony sulphide is dealt with as described 
are expelled. The cooled melt is dissolved in under gravimetric estimations. The filtrate 
50 c.o. of strong hydrochloric acid and 25 c.c. is treated with sulphuric acid, concentrated 
of water, and arsenious sulphide precipitated to a small bulk (150,c.c.), and electrolysed 
by hydrogen sulphide. The antimony remaining at 60* with a current of 0-2-0-3 ampere, and 
in the nitrate is precipitated as sulphide by 2-3 volts, usihg a rotating anode, when the de- 
diluting the solution and passing in more hydro- position of the tin is complete in about one hour 
gen sulphide. The antimonious sulphide is again (Henz. Zeitsch. >norg. Chem. 1903, 37, 1 i and 
dissolved in potassium sulphide, the solution Cahen and Morgan, Analyst, 1909, 34, 3). 
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In Clark 'b original process the filtrate from 
the antimony sulphide, which contains stannio 
tin, is mixea with yellow ammonium sulphide 
in excess and acidified with acetio acid. After 
some timo the stannio sulphide is collected, 
washed with a solution of ammonium nitrate, 
and converted into stannic oxide by ignition. 
In accurate work the antimony sulphide is 
redissolved, and the oxalic acid separation 
repeated in order to obtain the last traces of tin 
(compare Carnot, Cornpt. rend, 1886, 103, 258). 
(For descriptions of other methods of estimating 
tin and antimony in their ores and alloys, see 
J. Soc. Chem. 4 Ind. 1892, 11, 662; G. W. 
Thompson, J. Soc. Chem. Ind. 1896, 15, 179; 
T. Brown, jun., J. Araer. Chem. Soc. 1899, 21, 
780; Argenot, Zeitsch. angew. Chem. 1904, 17, 
1274; Levy, Analyst, 1905,30,361; Tanajotow, 
Ber. 1909, 42, 1296.)‘ 

The following process, due to Pearce, gives a 
rapid volumetric method for estimating tin in 
its ores. The mineral is fused in a nickel crucible 
with about 20 parts of sodium hydroxide with 
the addition of a little powdered charcoal; tho 
fused mass is dissolved (excepting silica) in 
hydrochloric acid, and tho solution reduced by 
the addition of iron rods or sheet nickel. The 
stannous chloride thus produced is titrated with 
standard iodine solution in presence of suffi¬ 
cient hydrochloric acid (1 : 4) to prevent the 
oxidation of any arsenic or antimony which may 
be present. 

Gold and 'platinum are separated chiefly in the 
analytical subgroup containing arsenic, anti¬ 
mony, and tin. Fusion of the sulphides with 
sodium carbonate and nitre, followed by extrac¬ 
tion with water, removes the arsenic. The residue, 
treated with zinc and hydrochloric acid, reduces 
tin and antimony fo the metallic state; the former 
is dissolved by boiling hydrochloric acid, and tho 
latter by nitric and tartaric acids,whilst gold and 
platinum are left. Treatment of the mixed 
metals with chlorine water removes gold, and 
dilute aqua reg*i then dissolves platinum, palla¬ 
dium, and rhodium. From this solution platinum 
is precipitated by ammoniu m chloride and alcohol, 
and from tho filtrate, after neutralisation with 
sodium carbonate, palladium is precipitated as 
cyanide by mercuric cyanide. 

For separation of palladium from gold, 
platinum, rhodium, and iridium by means of 
dimethylglyoxirne, see Wundcr and Thu ringer, 
(Zeitsch. anal. Chem. 1913, 62, 660; Analyst, 
1913, 524). 

The residue from the aqua regia treatment is 
joasted in the air; osmium volatilises as the 
tetroxide, ruthenium sublimes as the dioxide, 
whilst iridium is left (r. Lcidie, Compt. rend. 1900, 
131, 888 ; and Platinum metals). 

Molybdenum is precipitated as sulphide pre¬ 
ferably from a sulpnuric acid solution by treat¬ 
ment with hydrogen sulphide under pressure. 
From the sulphides of the copper-lead subgroup, 
it is separated by digestion with sodium sulphide 
under pressure, whon the molybdenum passes 
into solution and is reprecipitated as sulphide 
by dilute sulphuric acid. Molybdenum sul¬ 
phide is separated froln the sulphides of anti¬ 
mony and tin by dissolving the latter in hydro¬ 
chloric acid. The sulphides of arsenic and 
molybdenum are dissolved in hydrochloric acid 
and potassium chlorate, the arsVuio precipitated 


| from the filtrate after adding ammonia and 
magnesia mixture as magnesium ammonium 
j arsenate, l'he final filtrate is aoidified, and the 
molybdenum reprecipitated as sulphide. Moly¬ 
bdenum is separated from phosphorus in a 
similar manner. From tungsten it is best 
separated by heating the mixed trioxides or 
their alkali salts at 250°-270° in a current of 
hydrogen chloride, when the molybdenum is 
completely volatilised as the additive com¬ 
pound Mo0 3 ,2HCl, while tho tungsten remains 
m the non-volatilo residue (Debray, Compt. 
rend. 1858, 46, 1101 : and Peehard, ibid. 1892, 
114, 173). 

Selenium and tellurium fall into the analy¬ 
tical sub-group containing arsenic, and after this 
element has beer removed as magnesium am¬ 
monium arsenate ( v. Molybdenum), the selenium 
and tellurium are precipitated by reducing agents 
such as sulphur dioxide, hydrazine, &c. (i.) Sul¬ 
phur, selenium, and tellurium are separated by 
fusion with potassium cyanide in a stream of 
hydrogen. On dissolving the mass in water and 
passing air through the solution, the potassium 
telluride present is decomposed, and tellurium 
is precipitated. When the filtrate is acidified, 
the potassium selenoeyanate (KCNSe) is decom¬ 
posed, yielding selenium, (ii.) The mixed di¬ 
oxides of selenium and tellurium are dissolved 
in aqu<#)us caustic potash ; the solution, faintly 
acidified with hydrochloric acid, is dilutod to 
at least 200 c c. with boiling water, rendered 
just animoniacal and reacidified with acetio 
acid. After 30 minutes the tellurium dioxide 
is collected, washed with cold water, and gently 
i ignited (Browning and Flint, Zeitsch. anorg. 
Chem. 1909, 64, 104). 

Gold, from all other metals : reduction of an 
acid solution by oxalic acid or sulphurous acid. 

Selenium from the metals : reduction with sul¬ 
phurous acid in hydrochloric acid solution. 

Croup 111.—'l'he metals of Group Ilia, are 
separated from those of the succeeding groups 
by precipitation with ammonia in presence of 
ammonium ehloride ; the metals of Group Illb. 
are separated from those of the succeeding 
groups by means of ammonium sulphide ( v . 
i General methods of estimation). 

Iron, aluminium , chromium, uranium, 
glucmum, and cerium, from zinc, manganese, 
nickel, cSbalt. The solution, which must contain 
iron and uranium as ferric and uranio salts, is 
nearly neutralised, mixed with excess of finely 
divided and recently precipitated barium oar- 
bonato, and allowed to remain in a closed vessel 
j at the ordinary temperature for some hours 
with occasional agitation. In presence of nickel 
and cobalt, ammonium ohloride should be added 
to prevent precipitation of traces of these metals. 
Filter and wash with cold water. The precipitate 
mat contain ferric,chromic, aluminium, glucmum, 
cerio and uranic hydroxides, mixed with barium 
carbonate; the filtrate contains the other metals, 
together with some barium. In both oases the 
barium can be removed by means of sulphuric 
acid, but as the barium sttlphate carries down 
small amounts of the other metals, it is pre¬ 
ferable to separate the metals of Groups III. 
and IV. by a double precipitation with am¬ 
monium sulphide (Treadwell). 

Iron and aluminium from zinc, manganese, 
nickel, cobalt, uranium, and metals of the sue- 



ANALYSIS. 


287 


ceeding groups. The solution, whioh must con 
tain iron as a ferric salt, is nearly neutralised by 
sodium or ammonium carbonate. In presence 
of iron the liquid becomes deep red, but no 
precipitate must be formed. Soaium, or, better, 
ammonium aoetate, is added in sufficient but 
not excessive quantity, and the liquid is boiled 
until the precipitate becomes granular and 
settles rapidly. Prolonged boiling makes the 
precipitate slimy. The liquid is filtered whilst 
not, and the precipitate is washed with hot 
water; if the liquid is allowed to cool the pre¬ 
cipitate is partially redissolved. The precipi¬ 
tate is converted into ferrio and aluminium 
oxides by ignition; the other metals are in the 
filtrate. It is advisable, and in presence of 
nickel essontial, to redissolve the precipitate 
and repeat the process. This method is not 
available for the separation of chromium. 

The same result can be obtained with 
ammonium formate or succinate. 

Aluminium and chromium, from iron, zinc, 
manganese, nickel , and cobalt. Mix tho solution 
with a moderate quantity of pure normal potas¬ 
sium tartrate, then with pure oaustic potash or 
soda until the precipitate redissolvos, add am¬ 
monium sulphide in slight excess and allow to 
stand. Wash the precipitate with water contain¬ 
ing ammonium sulphide. Aluminium and chro¬ 
mium are in tho filtrate, the^ither metal| in the 
precipitate. If iron and chromium are absent, 
it is sufficient to add the alkaline tartrate, 
excess of am»onia, ammonium chloride and 
ammonium sulphide. 

Separation of iron and aluminium. The fol¬ 
lowing methods have also been employed for 
this important separation, (i.) Potassium hy¬ 
droxide dissolves aluminium hydroxide, but not 
ferric hydroxide; the former is reprocipitated 
from the filtrate by boiling with ammonium 
chloride or adding successively nitric acid and 
ammonia; the iron precipitate is dissolved in 
acid and reprecipitated by ammonia, (ii.) The 
two metals are precipitated with ammonia and 
the weight of the combined oxides determined. 
The mixture is then digested with strong hydro¬ 
chloric acid (10 concentrated solution : 1 water) 
until all the iron has dissolved ; the presence of 
free chlorine or hydriodio acid assists the solution 
of the ferrio oxide. If alumina predominates, it 
may be neoessary to fuse the mixed oxides with 
potassium nyrosulphate. The solution is satu¬ 
rated with nydrogen sulphide to reduce the iron 
to the ferrous condition ; the excess of this sul- 

J ihide is expelled by carbon dioxide, and the 
iquid titrated with standard permanganate. 
The proportion of aluminium is determined by 
difference, (iii.) Iron and aluminium may also 
be separated bv treating the mixed chlorides 
with strong hydrochlorio acid and ether (equal 
vols.); the aluminium ohloride is precipitat'd, 
collected, washed with ethereal hydrochloric 
acid and ignited with mercuric oxide (Gooch and 
Havens, Amer. J. Soi. 1896, 2, 416). {iv.j The 
separation of small quantities of aluminium 
from exoeas of iron has been successfully effected 
by the os© of phenylhydrazine. The iron is 
first reduoed to the ferrous condition by adding 
hydroohlorio acid and ammonium bisulphite, 
and til© solution almost neutralised with am- 
monia, a slight excess of phenylhydrazine is 
ti»n Added, and after one hour the aluminium 
Vql. 1.— T, 


hydroxide is collected and washed with a solu¬ 
tion of phenylhydrazine sulphite. In this way 
aluminium can be separated from iron, man¬ 
ganese, oaioium, and magnesium (Hess and 
Campbell, J. Amer. Chem. Soo. 1899, 21, 776). 

Separation of iron, aluminium , and phos¬ 
phoric acid. When the total aq^unt of these 
substances is small, the precipitate obtained by 
ammonia- is ignited and weighed (A=Fe a O. 
-f Al 2 0 3 -f-P 2 0 5 ). The precipitate is then fused 
with sodium carbonate and silica, and tho mass 
extracted with water containing a little am¬ 
monium carbonate. The residue containing iron 
*ad aluminium is ovaporated tlown with sul¬ 
phuric acid to dissolve the iron; the solution is 
reduced with hydrogen sulphide as in tho pre¬ 
ceding separation, and titrated with permanga¬ 
nate solution. The solution, which contains all 
the phosphoric acid, is evaporated down with 
hydrochlorio acid to remove silica ; the residue 
taken up with water, and the phosphoric acid 
precipitated from tho filtrate as magnesium 
ammonium phosphate. From the weight of 
magnesium pyrophosphate obtained the amount 
of r 2 0 6 is determined, and the Al a O s is obtained 
bv difference. If the total amount of these 
threo substances is large, the original solution 
may bo divided into three aliquot portions, in one 
of which the phosphoric acid is precipitated as 
ammonium phosphomolybdate, in tne second 
part the iron is determined volu metrically, and 
from the third the total precipitate (Fe 2 0 8 , 
Al 2 0 3 ,P e 0 # ) is obtained (oompare Cooksey, 
Analyst, 1908, 33, 437). 

Chromium is readily separated from many 
metals, e.g. aluminium, by conversion into 
j chromate, which is not precipitated by alkalis. 

| This can be done in one of the following ways, 
j (a) Make the solution alkaline VHth caustic potash 
] or soda, saturate with chlorine,*and then heat to 
expel excess of gas, and decompose hypochlorites 
by heating with ammonia. (6) Ammonium 
persulphate is added to a solution containing 
chromium, iron, and aluminium. On boiling, 
the chromium is oxidised to chromate, the acid 
set free during oxidation being sufficient to keep 
the iron and aluminium in solution (G. v. Knorre, 
Zeitsch. anorg. Chem. 1903, 16, 1097). (For the 
estimation of chromium in chromite and chrome 
steol. see Volumetric section.) 

Aluminium from chromium. After ohro- 
inium has been converted into chromio aoid, the 
aluminium may be precipitated as hydroxide 
or as phosphate (t>. Determination of metals). 
The filtrate is acidified, heated to boiling, and 
sodium thiosulphate added until the chromium 
is completely reduced ; it can then be estimated 
as phosphate in the same way as aluminium; 
or oaustic alkali is added to the solution of the 
metab until the precipitate at first formed re¬ 
dissolvos. Bromine-water is added until the 
green colour of the solution is changed to the 
yellow of a chromate solution. The liquid is 
heated to boiling, and more bromine-water 
added drop by drop to precipitate the alumina 
in a non-gelatinons form. 

Uranium is separated from the other metals 
of this group by the solubility of its hydroxide, 
sulphide, and.acid uranates, in ammonium car¬ 
bonate. 

Uranium from Iron and Aluminium. An acid 
solution containing ammonium Balts is mixed 

? 
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with excess of ammonium carbonate and am¬ 
monium sulphide in a closed flask. The pre- 
oipitato contains ferrous sulphide and aluminium 
hydroxide; the uranium remains dissolved as 
the double carbonate U 0 2 'C 0 s, 2 (NH 4 ) 8 UJ 3 . 

The filtrate is concentrated considerably, acidi- 
fied with hydrochloric acid, boiled, and the 
uranium precipitated as ammonium diuranate 
with ammonia. The precipitate is igfuted and 
weighed as U,0,. Or this oxide is heated , 
with dilute sulphurio acid (1:«) at 170 m an 
inert atmosphere (carbon dioxide): the ‘ 
tion which contains uranyl sulphate (2 mote.) 
and uranous sulphate (1 mol.), is titrated with 
standard permanganate solution. 

1 o.c. * KMnO,=0 03593U. 

Uranium ores are treated in the following 
way. The mineral (0-5-10 gram) is mssolvcd 
in nitric acid or aqua regia, s.l.ca removed^ly 

evaporation, the soluble residue extracted wrth 

hydrochloric acid, and the metals of the copper 
group precipitated by hydrogen sulphide. Ihe 
filtrate is oxidised with potassium borate, and 
treated successively with ammonium phosphate, 
ammonia (till nearly neutral), and Sodium 
carbonate in excess. The mixture is boded and 
sufficient ammonium chlondo added to decor 
pose excess of sodium carbonate. 1 ho preu 
pitato, which contains the iron, vanadium, &o., 
is washed with aqueous ammonium carbonate 
This salt is removed from the bltrate by boiling 
alone and with nitric acid, ihe solution is 
almost neutralised with ammonia, and to the 
boiling liquid arc added successively rnioro- 
cosmic salt, sodium thiosulphate acetic acid, 
and finally ammoniu m acetate. 1 be prooipitat*, 

uranyl ammonium phosphate, is collected, ignited, 

moistened with nitric acid, again ignited and 

^rliuJ^s tp^cd from thorium (and 
iron) by means of hydroxylamme hydrochloride, 
which in ammoniacal solution precipitates 
thorium and ferric hydroxides, leaving the 
uranium in solution (Jannasoh and Schilling, 
Chem. Zeit. 1905, 29, 248). 

Cerium is separated from other metal) by 
saturating the solution with sodium sulphate.“ 
salt being added in fine powder A crystalline 
double sulphate of cerium and sodium separate s 
and is washed with a saturated solution of 

SOd ffluc>'num is preoipitated with aluminium in 
Group III., and separated from aluminium and 
the other metals of the group by one of the 
following methods: (i.) A saturated solution 
of sodium hydrogen oarbonate dissolves out 
glucinum hydroxide from a precipitate con¬ 
taining aluminium and ferric hydroxides, leaving 
the latter unaffeoted (Parsons and Barncs, 
J. Amer. Chem. Soo. 1900, 28, 1889). («•) Alu¬ 
minium and glucinum chlorides are separated 
by saturating theii solutions with hydrogen 
cldoride in the presence of ether; the former is 

may 6 be ’separated ‘by the use of hot glacial 
aoefcio acid, from which solvent basic glucinum 
^Ute GKMCO.-CH,), [GIOW'O,),! repa- 
rates on cooling (Parsons and Robinson, cf. also 
Glassmann, Ber. 190(1, 39, 3366 ; and J. Amer. 


Chem. Soo. 1895, 17, 688; Wunder and Wegner, 
Zeitsch. anal. Chem. 1912,61 470). This" 
is soluble in chloroform and may be dutilted 
unchanged. Quantitative results may be ob- 
LffiedTy volatihsmg the salt 
acetates of iron and aluminium (Klrng ana 
Gelin, Bull. Soc. ohim. 1914, 16, 206; Analyst, 

1J1 Barium oarbonate decomposes glucinum 
chlondo, thus separating this metal from those 

° f Vanadium is separated from the majority of 
metallic elements by fusion with sodium car¬ 
bonate and potassium nitrate; the vanadium 
dissolves in water as sodium vanadate. Chro¬ 
mium and manganese would also be found m 
the aqueous extract but from these metals 
vanadium is separated by the addition of am- 
niomum sulphide in excess, when chromium 
and manganese are precipitated respectively as 
hydroxide and sulphide leaving vanadium in 
solution as a thiovanadate 1°'-“° rg ; 
Chem. 6, 381; Compt. rend. 1904,138, 810, 
and Hillebrand, Amer. J. Sei. [4] ft, 209). From 
arsenic, vanadium may be separated either y 
reducing with sulphur dioxide and precipitating 
arsenious sulphide with hydrogen sulphide or by 
heating the mixed sulphides m hydrogen cidor.de 
at 160°, when the arsenic is volatilised Field 
and Smith, J. Ainer. Chem. Soc. 189b, 18.1061). 
Vanadium is separated from phosphorio acid 
vanadic acid to a hypovanadic salt 


Vanadium is sepiuarou ,-r----- . 

by reducing vanadic acid to a hypovanadic salt 
with sulphur dioxide, and precipitating the 
phosphorus as phosphomolybdate. 

Vanadium and molybdenum are separated 
by the action oi hydrogen sulphide on vanadic 
and molvbdic acids under pressure, moly¬ 
bdenum sulphide being precipitated, or am¬ 
monium meta vanadate may be precipitated by 
the action of excess of ammonium ohlonde 
(Gibbs, Amer. Chem. J. 1883, 6, 371); the latter 
method serves to separate vanadium from 

tU Xmethods of estimating vanadium in iron 
and steel, see Brearley and IbbotBon, The 
Analysis of Steel Works Materials; and Blair, 
The Chemical Analysis of Iron.) , 

Tunqslen is separated from the majonty ot 
other elements by fusion with alkali carbonate 
and extraction of the alkali tungstate with 
water. This extract, when acidified with mtrio 
acid and evaporated to dryness, yields tungstic 
acid as a residue insoluble in water. From 
arsenic and phosphorio acids tungstic aoid is 
separated by the addition of magnesia mixture, 
which precipitates the arsenio and phosphorus, 
leaving the tungstate in solution (Gooch 
Chem J. 1871, 1*412; arid Gibbs, ibid. 1886, 
7 337). 

The tungsten in wolframite may be estimated 
hy fusing the finely powdered ore ( 0-8 gram) 
with 6 parts of fusion mixture in a platinum 
crucible for half si. hour. The fused mass is 
extracted with boiling water when alkali tung¬ 
state passes into solution together with suioate 
and stemi ate. The insoluble residue contains 
iron, manganese, caloium, and magnesium with 
small amounts of columbic and tantaho acids. 
The filtrate is evaporated to dryness with excess 
of nitric acid, and the residue, after heating at 
120°, is extraoted with dilute ammonium nitrate 
solution; the residue, whioh oonsiste of tungatio 
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oxide with silica and stannic oxide, is weighed 
and then treated with hydrofluoric aoid and 
weighed again. This second residue consists of 
tungstio oxide and stannio oxide, and the latter 
is volatilised bv heating repeatedly with am¬ 
monium chloride until the weight of the final 
residue (W0 8 ) is constant. 

To remove tin the mixed oxides may be 
ignited with zinc powder, and the residue, after 
extraction with hydrochloric acid, is tungsten 
trioxide (Angenot, Zoitsch. angew. Chem. 19, 
140). 

(For other separations of tungsten from 
its usual associates, .see J. Amer. Chem. Soo. 
1900, 22, 772; Zeitsch. anorg. Chem. 1905, 45, 
396; Zeitsch. anal. Chem. 1908, 47, 37 ; Bull. 
Soo. chim. 1908, 13, 892 ; Wunder and Schapira, 
Ann. Chim. anal. 1913, 18, 257 ; Marbaker, 
J. Amer. Chem. Soc. 1915, 37, 86.) 

Columbium and tantalum are extracted 
from columbite or tantalito by fusing the 
mineral with potassium hydrogen sulphate and 
extracting the fused mass with hot water and 
hydrochloric acid. The residue is treated with 
ammonium sulphide to remove tin, tungsten, 
and again extracted with hot hydrochloric acid. 
The final residue is then dissolved in hydro¬ 
fluoric acid, the filtered solution is treated with 
potassium carbonate: potassium tantalofluoride 
separates in acicular crystal# and the jiothor 
liquor furnishes potassium columbium oxy- 
fluoride, crystallising in plates (compare Weiss 
and Landecker,' Zeitsch. anorg. Chem. 1909, 
64, 65; and Chesneau, Compt. rend. 1909, 149, 
1132). 

Titanium. In addition to the process given 
under the estimation of titanium, this element 
may bo separated from iron by the following 
methods : (i.) By adding ammonium sulphide to 
an alkaline tartrate solution of the two elements, 
when ferrous sulphide is precipitated (Gooch, 
Amer. Chem. J. 1885, 7, 283). (ii.) By precipitat¬ 
ing titanic acid with phenylhydrazine (J. Amer. 
Chem. Soc. 1895,25,421). Titanium is separated 
from aluminium by boiling with an alkali acetate 
and dilute acetic acid, when basic titanium 
acetate is precipitated. 

Titanium and zirconium are separated by 
the following methods: (i.) A solution of the 
elements in dilute Bulphuric and acetic acids is 
boiled for some time, when titanio acid is preci¬ 
pitated (J. pr. Chem. 1869, 108, 75; Zeitsch. 
anal. Chem. 9, 388). (ii.) The acid solution is 
boiled with zinc till the titanium is reduoed to 
titanous salt, the zirconium is then preoipitated 
by the addition of potassium sulphate (Compt. 
rend. 1863, 67, 298). (iii.) A neutral solution 
of the nitrates is added dropsy drop to a boiling 
oonoentrated solution of ammonium salicylate 
(1: 5HjO), the solution boiled for one hour, 
concentrated, and the precipitated zirconitm 
salicylate collected and washed with am¬ 
monium salicylate solution. Titanium sali¬ 
cylate is soluble in hot water and remains in 
the filtrate (Dittrich and Freund, Zeitsch. anorg. 
Chem. 1907, 66, 348). 

Cerium is preoipitated in the aluminium 
group (IILa), and, together with the other metals 
of the rare earths, is separated from iron and 
aluminium by means of oxalio acid or am¬ 
monium oxalate. From lanthanum, praseo¬ 
dymium, and neodymium it may be separated 


m 

by suspending the hydroxides in aqueous 
caustio potash and passing in chlorine until the 
liquid is no longer alkaline. The cerium remains 
precipitated as the yellow hydrated dioxide, 
whilst the other hydroxides are dissolved 
(Mosander). Various methods have been pro¬ 
posed similarly based on the oxidation of cerous 
compounds to the ccrio condition (v. Ann. Chem. 

| Pharm. 131, 359; Monatsh. 1884, 5, 608; Ber. 
35, 672). 

1 Thorium , together with the rare earths, is 
separated from the other elements by oxalio 
acid. The further separation is effected by the 
following methods:— 

(i.) Monazilo sand is heated with concen¬ 
trated sulphuric acid at 180°-200° for 2 to 3 
hours, and the product taken up with water, and 
the rare earths precipitate^ by the addition of 
oxalio acid. The precipitated oxalates, after 
washing till free from phosphoric acid, are 
ignited, and the resulting oxides dissolved in 
hydrochloric acid. The excess of acid is ex¬ 
pelled by evaporation at 100°, the residue dis¬ 
solved in water and treated with sodium 
thiosulphate. After 12 hours tho solution is 
boiled for 10 minutes and filtered. Tho pre¬ 
cipitate contains thorium, but contaminated 
with cerium ; it is therefore redissolved and 
the precipitation repeated until the filtrate gives 
no precipitate on boiling with ammonia. At 
this stage the precipitate is ignited, fused with 
sodium hydrogen sulphate, the product dis¬ 
solved in water, and the thorium finally preoi¬ 
pitated with oxalic acid, tho precipitate being 
ignited and weighed as ThO a (Fresenius and 

i Hintz, Zeitsch. anal. Chem. 35, 643). 

! (ii.) The mixed oxalates obtained as before 

from the monazite sand are decomposed, and 
tho metals converted into nitrates by repeated 
evaporation with nitric acid. Tne neutral solu¬ 
tion of the nitrates is diluted with aqueous 
ammonium nitrate (10 p.c.) warmed to 80°, 
and the thorium precipitated as peroxide by the 
addition of pure hydrogen peroxide solution. 
The precipitate, which contains a trace of 
cerium peroxide, is filtered, washed with aqueous 
ammonium nitrate, ignited and weighed as 
Th0 2 (Benz, Zeitsch. angew. Chem. 1902, 15, 
297 ; compare Chem. Zeit. 1908, 32, 509). 

(iii.) Precipitation by organic acids. (a)Fumario 
aoid precipitates thorium fumarate in 40 p.c. 
aloohol, leaving the other rare earths in solution 
(Metzger, J. Amer. Chem. Soc. 1902, 24, 901). 
($) m-Nitrobenzoic acid in aqueous solution 
precipitates its thorium salt, the separation 
being complete in the presence of aniline. 
Under these conditions, cerium, praseodymium, 
neodymium, and lanthanum remain in solu¬ 
tion (Kolb and Akcle, Zeitsch. angew". Chem. 
1905, 18, 92). 

(iv.) Boiling with potassium azide in neutral 
solution leads to tho precipitation of thorium 
hydroxide, the salts of the other rare earth 
metals being unaffected (Dennis, J. Amer. Chem. 
Soo. 1896, 18, 947). Fusion with potassium 
hydrogen fluoride separates thorium and cerium 
from zirconium, for on extraction with water 
containing a little hydrogen fluoride, potassium 
zirconofluoride#*dissolves, leaving behind the 
fluorides of thorium and cerium (Chem. News, 
1897, 75, 230). 

Manganese anfl iron are separated in their 
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alloys (ferromanganese, &c.) bv dissolving the 
alloy in hydrochloric acid .with a little nitric 
aoid. After boiling off nitrous fumes, the solu¬ 
tion is filtered ana diluted with boiling water 
to 600 o.c. Ammonia is added till a faint 
turbidity remains, excess of neutral ammonium 
acetate is thpn quickly added, and the solution 
boiled. The basio ferric acetate thus precipi¬ 
tated contains some manganese; it is therefore 
redissolved and the separation repeated. The 
united filtrates are treated with excess of 
bromine followed by strong ammonia also in 
excess ; the liquid is vigorously agitated during 
the addition of these reagents, and then heated 
slowly to boiling. The precipitate is collected, 
washed with boiling water, ignited and weighed 
as Mn 3 O f (compare Riggs, Amor. J. Sci. 43, 135 ; 
Gooch, Zeitsch. anorg. Chem. 1898, 17, 208; 
Brearley and Ibbotson, Chcm. Nows, 1902, 82, 
209; Zeitsch. anal. Chcm. 1904, 43, 382; 
Jannasch and Buhl, J. pr. Chem. 1905, 72, 1; 
Moore and Miller, J. Amer. Chem. Soc. 1908, 
30, 593). 

Nickel from cdbah. The solution, which 
should contain but little free acid, is mixed with 
exoess of pure potassium cyanide free from 
cyanate (the ordinary oyanidc is fused with char¬ 
coal, dissolved in water, filtered, and evaporated 
in a silver dish), heated to boiling, and mixed 
with a solution of mercuric oxide in mercuric 
cyanide. The procipitate, when washed, dried, 
and ignited, loaves a residue of nickel oxide 
NiO, which is weighed. Cobalt is usually deter¬ 
mined by difference ; but if direct estimation 
is required, the filtrate from the nickel is eva¬ 
porated to dryness, heated for some time 
with strong sulphurio acid, and the cobalt 
estimated in the solution. 

Nickel can b6 separated from cobalt and all 
the other metals of Groups III. and IV. by pre¬ 
cipitation in ammoniacal or dilute acetic aoid 
solution with dimethylglyoximo (see Estimation 
of nickel). If ferric salts are present, they should 
be reduoed to the ferrous condition, or tartaric 
acid is added before rendering the solution alka¬ 
line ; the organic acid prevents the co-preeipita- 
tion of iron, chromium, and aluminium (Brunok, 
Zeitsch. angew. Chem. 1907, 20, 1845). 

Cobalt from nickel, (i.) In acetic acid solution, 
nitroso-0-naphthol precipitates tho cobalt as 
oobaltio nifcro 80 -#-naphthoxide (Ilinski and 
Knorre, Ber. 18,699). (ii.) Cobaltic hydroxide is 
precipitated from a neutral solution of the two 
metals by barium carbonate and bromine water 
(Taylor, Proc. Manchester Phil. Soc. 1902, 46, 
(ii.) I). (iii.) Small quantities of cobalt can bo 
detected and estimated in the presence of nickel 
by adding to a neutral solution concentrated 
aqueous ammonium thiocyanate. On shaking 
with amyl alcohol and ether, these organic 
solvents extract the double salt (NH 4 ) 2 Co(CNS) 4 
(blue solution), leaving the nickel in the aqueous 
solution (Ber. 1901, 34, 2050 and 3913). Zino 
is also removed with the cobalt. 

Cobalt is precipitated as double nitrite on 
adding potassium nitrite to an acetio acid solu¬ 
tion of the two metals; the niokel is left in solu¬ 
tion (Fischer, Pogg. Ann. 72, 477 l, and Funk. 
Zeitash^anal. Chem. 1907, 46, i)i' 

The solution is treated with ammonium 
chloride, ammonia, and hydrogen peroxide, and 
warmed, when [Co(NH,)|Cl]CSj is formed. On 


neutralising by means of acid, cooling, and 
adding excess of ammonium molybdate, the 
cobalt is precipitated %s Co a O 8 ,10NH 8 ,6MoO 8 . 
This is washed with water and dried at 110° 
(Carnot, Bull. Soc. chim. 1917 [iv.] 21, 211). 

Separation of zinc, manganese , nickel, and 
cobalt. The slightly acid solution of the four 
metals is treated with sodium carbonate till a 
permanent precipitate is formed, which is redia- 
solved by a few drops of hydrochloric acid; 
then for every 100 c.c. of liquid 15 drops of the 
same acid are added, followed by 10 c.c. of 20 p.o. 
ammonium thiocyanate ; tho solution heated to 
70° is then saturated with hydrogen,sulphide ; 
the zinc in the precipitate is determined either 
as sulphide or oxide. Manganese is separated 
from nickel and cobalt by passing hydrogen 
sulphide into a solution of their salts in acetic 
acid containing excess of ammonium acetate, 
when nickel and cobalt are precipitated as 
sulphides; the filtrate may, however, still con¬ 
tain small amounts of these metals. The solu¬ 
tion is concentrated, treated with ammonium 
sulphide, and then with acetic acid. A further 
precipitate of nickel and cobalt sulphides is 
thus obtained (v. Treadwell and Kramers, 
Zeitsch. anorg. Chem. 1901, 26, 184 ; compare 
J. Soc. Chem. Ind. 1905, 24, 228 ; Bull. Soo. 
Chim. 1908, (iv.) 3, 114). 

Zii\r from nickel and cobalt. Add excess of 
pure potassium cyanide and precipitate the zinc 
with sodium sulphide. 

Group IV.— The metals of this group are 
separated from those of the following group 
by precipitation with ammonium carbonate (v. 
General methods of estimation). The liquid 
is first made alkaline with ammonia and after¬ 
wards heated to boiling to ensure complete pre¬ 
cipitation. 

Barium from calcium and strontium. The 
dilute neutral or feebly acid solution is mixed 
with excess of freshly prepared hydrofluosilicic 
acid and one-third its volume of 95 p.c. alcohol 
allowed to stand twelve hours, collected on a 
weighed filter, washed with a mixture of equal 
parts of water and alcohol, and dried at 100°. 
Calcium and strontium are not preoipitated. 

Barium from strontium. Ammonium bichro¬ 
mate and ammonium acetate are added alter¬ 
nately to a solution of barium and strontium 
salts containing ammonium acetate. After 
three hours the precipitate, BaCr0 4 , is washed 
with ammonium acetate solution, dried at 180-, 
and weighed (Kahan, Analyst, 1908, 33, 12; 
v. Zeitsch. anal. Chem. 1905, 44, 742 ; J. Amer. 
Chem. Soc. 1908, 30, 1827). 

Barium and strontium from calcium » The 
solution is mixed pith a concentrated solution 
of ammonium sulphate, using 50 parts of the 
latter salt for one part of the mixed salts, 
hewted to boiling with addition of a small quan¬ 
tity of ammonia, and the precipitate washed 
with water containing ammonium sulphate. The 
filtrate contains the calcium, which can be 
precipitated by ammonium oxalate. 

Calcium from strontium. Convert the metals 
into nitrates, evaporate to dryness, and extraoi 
with a mixture of equal volumes of alcohol and 
ether, which dissolves calcium nitrate but aot 
strontium nitrate. 

Calcium from strontium and barium. Hie 
nitrates are dried at 140* and extracted with 
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amyl alcohol, which dissolve* out the calcium 
salt, leaving the other taro undissolved (Brown¬ 
ing, Amor. J. Sci. 43, 50, 314). 

Calcium, from magnesium. The caloium is 
precipitated by ammonium oxalate (t>. Determi¬ 
nation of metals), adding sufficient of this salt 
to convert both metals into oxalates, since 
calcium oxalate is appreciably soluble in a solu¬ 
tion of magnesium chloride. In very accurate 
separations the precipitate should bo filtered off, 
redissolved in hydrochloric acid, and reprecipi¬ 
tated by adding excess of ammonia and a small 
quantity of ammonium oxalate ( cf . Richards, 
Zeitsoh. anorg. Chcm. 1001, 28, 71 ; Zeitsch. 
angew. Chem. 1908, 21, 592; J. Arner. Chem. 
Soc. 1909, 31, 917). 

Group V.— Magnesium from alkalis. The 
magnesium is precipitated with ammonium 
phosphate in the usual way, the filtrate evapo¬ 
rated to dryness, heated to expel ammonium 
snlts, the residue evaporated two or three times 
with strong nitric acid to remove hydroohloric 
acid, and the phosphoric acid removed by stannio 
oxide (v. Phosphoric acid from metaU ; v. Gibbs, 
Amer. J. Sci. [3] 5, 114; Neubauer, Zeitsoh. 
angew. Chem. 1890, 9, 439; Gooch, Zeitsch. 
anorg. Chem. 1899, 20, 121). 

In solutions free from ammonium salts, the 
magnesium can be precipitated as magnesium 
hydroxide by the addition t>f aqueous barium 
hydroxide. The excess of barium is removed 
by ammonium.carbonate and the alkalis are 
cretermined in the filtrate. Magnesium chloride 
is also separated from the alkali chlorides by 
ignition with mercuric oxide, when mercuric 
chloride and the excess of oxide volatilise, leaving 
magnesia, from which the soluble alkali chlorides 
are readily separated. 

Alkalis from magnesium, (a) The solution 
is made distinctly alkaline with pure milk of 
lime (calcium hydroxide suspended in water) 
and boiled for some timo, caro being taken that 
it remains alkaline. Tho liquid is filtered, made 
alkaline with ammonia, and tho calcium pre¬ 
cipitated by adding ammonium carbonate and 
a small quantity of ammonium oxalate. THe 
filtrate is acidified with hydrochloric acid and 
evaporated in a weighed platinum dish, heated 
to expel ammonium salts, and tho alkaline 
chlorides weighed. They should dissolve com¬ 
pletely in water and should give no precipitate 
when mixed with ammonium carbonate .and 
allowed to stand for some time. If any oalcium 
is present, it must be removed by repeating tho 
treatment with ammonium carbonate and 
oxalate. 

(6) Tho solution, which must contain only 
potassium, sodium, and magnesium, is mixed 
with excess of oxalic acid, evaporated to dryness, 
and the oxalic acid expcllod by heating carefully 
over a lamp until white fumes cease to come off. 
The residue is treated with water, when potas¬ 
sium aud sodium dissolve as carbonates, whilst 
magnesium oxide remains undissolved. 

Alkalis from silicates, (a) The finely pow¬ 
dered silicate (1 gram) is mixed intimately with 
an equal weight of ammonium chloride and 
eight parts of dense granular calcium carbonate, 
and heated to redness for half an hour. The 
product is boiled with w’ater in a platinum or 
silver dish for two hours, care being taken to 
make up the loss by evaporation, the liquid 


is filtered and the residue well washed with hot 
water. The filtrate, whioh contains caloium and 
tho alkalis, is treated in the manner just de¬ 
scribed. In this method of decomposition, 
which is due to J. Lawrence Smith, the silicate 
i3 decomposed by the caloium oxide, which is 
dissolved by the fused calcium clfloride formed 
bv the action of the ammonium chloride on the 
calcium carbonate. 

(6) Tho silicate is treated in a platinum dish 
with excess of sulphuric and hydrofluoric acids, 
and the mixture evaporated on the water-bath 
until the mineral is entirely decomposed. The 
temperature is then raised to drive off the 
greater part of the sulphuric acid, and tho 
cooled residuo extracted with water. The sul¬ 
phates are converted into chlorides by barium 
chloride, the metals of Groups III. and IV. pre¬ 
cipitated by ammonia and ammonium carbonate, 
the magnesium removed by barium hydroxide, 
and tho excess of this reagent eliminated by 
ammonia and ammonium carbonate. The alkali 
chlorides remaining in the final filtrate are 
estimated as indicated in the following seotion. 
Certain native silicates of the andalusite group 
are not decomposed completely by this treat¬ 
ment with hydrofluoric acid; these minerals 
may, however, be broken up by ignition with 
ammonium fluoride. 

(c) The alkali and other metals contained in 
a refractory silicate may be separated by heat¬ 
ing the mineral with lead carbonate. The pro¬ 
duct is extractod with nitrio aoid; the lead 
removed as chloride and sulphide, and the 
metals in solution dealt with in the customary 
manner (Jannasoh, Zeitsch. anorg. Chem. 1895, 
8, 304). 

(i d ) Silicates of different types are decomposed 
by fusion with borio anhydride followed by 
extraction with methyl alcoholic hydrogen 
chloride and evaporation to remove the borio 
acid as volatile methyl borate (Ber. 1895, 28, 
2822; Zeitsch. anorg. Chem. 1890, 12, 208). 

Potassium from sodium. The metals are 
converted into chlorides, whioh are evaporated 
to dryness and weighed together after drying at 
150°. The salts arc dissolved in water, mixed 
with platinic chloride in sufficient quantity to 
convert both into platinichlorides, and evapo¬ 
rated nearly but not quite to dryness. The 
residue is then treated with alcohol, which dis¬ 
solves the sodium but pot the potassium salt 
( v. Potassium). If tho mixture is evaporated to 
complete dryness and heated so that the sodium 
platiniohloride becomes anhydrous, it dissolves 
with difficulty in alcohol Under some condi¬ 
tions reversion takes place and sodium ohloride 
separates in white crystals insoluble in aloohol. 
In this case the alcohol is very carefully evapo¬ 
rated and tho residue again treated with platinio 
chloride. 

In order to separate small quantities of po¬ 
tassium from large quantities of sodium, advan¬ 
tage may be taken of the fact that potassium 
chloride is more soluble than sodium ohloride 
in strong hydroohlorio aoid (Zeitsch. analyt. 
Chem. 1880, 156). The dry mixed chlorides are 
thoroughly moistened with concentrated hydro¬ 
chloric acid: 2 c.o. of the acid is then added, 
and the salt thoroughly crushed and stirred with 
a glass rod. Aftfr standing for a few minutes 
the aoid is poured off into a Bmall dish. Ten 
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repetitions of this trea-tmout, using 2 o.o. of 
acid each time, will suffioe to remove all potas¬ 
sium, whilst the greater part of the sodium 
chloride is not dissolved. The acid solution is 
evaporated to dryness and the potassium deter¬ 
mined as platinichloride (Chem. Soo. Trans. 39, 
500). By adopting this plan much less platinic 
chloride is required, and the separation is much 
more accurate. 

Lithium from sodium and potassium When 
a lithia-eontaining silicate (e.g. lepidolite) is 
broken up by one of the preceding processes 
the precipitable metals of Groups I.-IV. are 
iirst removed and the alkali metals converted 
into chlorides. The combined chlorides are 
dried and weighed; potassium is estimated in 
one portion, and in a second portion the lithium 
is estimated by extracting the chlorides with 
amyl alcohol, or better, laobutyl alcohol, or 
with ethor-alcohol saturated with hydrogen 
chlorido. Anhydrous lithium chloride is soluble 
in these media, whereas sodium and potassium 
chlorides are practically insoluble therein (if. 
Winkler, Zeilsch. anal. Chem. 1913, 52, 028 ; 
Analyst, 1913, 531 ; I’alkin, J. Amer. Chem. 
Soc. 1910, 38,2320 ; Analyst. 1917, 54). Lithium 
chloride has also been separated from the 
ohlorides of the other alkali metals and barium 
by dissolving it in boiling pyridine, in which the 
others are insoluble (Kahlenberg and Jvrauskopt, 
J. Amer. Chem. Soc. 1908, 30, 1104; Skinner 
and Collins, J. Soc. Chem. Ind. 1913, 32, 214) 
(For the separation of lithium as phosphate and 
fluoride, see Ann. Chim. Phys, 98, 193; Frdl. 
29, 332, and Analyst, 10, 209.) 

Rubidium ancl cesium arc separated from 
each other and frompotassium by taking advan¬ 
tage of the difference in the solubility of their 
platinichlorides.* Rubidium hydrogen tartrate is 
mare than nino times less soluble than the 
ouesium salt. Casium carbonate alone of the 
alkali carbonates is soluble in alcohol. Ca-siuin 
gives rise to a series of sparingly soluble per- 
halidea and yields double chlorides with lead and 
antimony chlorides (v. Wells, Amer. J. Sci. 43, 
f3J 17; and Amer. Chem. J. 1901, 20, 205). 
The metals may also be separated by taking 
advantage of the different solubilities of their 
respective alums, particularly of their iron alums 
(Browning and Spencer, Amer. J. Sci. 1918, 42, 
279). 

Ammonium salts can be removed from a 
solution in two ways: (1) By evaporating to 
dryiless and carefully heating over a lamp until 
all fumes oease to come off. (2) By concen¬ 
trating the solution and heating for some time 
with excess of strong nitric acid. When evolu¬ 
tion of oxides of nitrogen ceases, the liquid is 
evaporated to oomplete dryness and the nitrates 
converted into ohlorides by repeated treatment 
with hydrochloric acid if necessary. 

B. The Estimation of Acid Radicals. 

tiromine from chlorine, (a) Tho two ele¬ 
ments are precipitated by excess of silver Ditrate 
and weighed together. The filter ash is removed, 
the precipitate oautiopsly heated to fusion, and 
a portion poured into a weighed, porcelain boat. 
The boat is again weighed, heated to fusion in 
a current of dry chlorine in a glass tube until 
all bromine is expelled, and ^he silver chloride 
formed is weighed. It is advisable to heat in 


ohlorine for a further period of ten minutes and 
weigh again. The loss^pf weight multiplied by 
4*223 gives the amount of silver bromide in the 
weight of precipitate treated with chlorine, from 
which the quantity in the whole precipitate is 
roadijy calculated ( v. Indirect methods of de¬ 
termination). 

This method gives accurate results if the 
proportion of biomine is not too small. When 
a small quantity of bromine is mixed with a 
large quantity of chlorine, the former may be 
concentrated by taking advantage of the fact 
that if a limited quantity of silver nitrate is 
added, the precipitate will contain all the bro¬ 
mine, but only a portion of the chlorine. In one 
portion of the substance the two elements arc 
determined together by complete precipitation. 
Another portion in somewhat dilute solution is 
mixed with a quantity of silver nitrate insuffi¬ 
cient for oompleto precipitation, and allowed to 
stand in the cold for some time with repeated 
agitation. The precipitate is collected, washed, 
and weighed, and the proportion of bromine 
determined in the manner already described. 
The quantity of silver nitrate which should be 
used depends upon the relative proportions of 
chlorine and bromine. If ono part of bromine 
is present for every 1000 parts of chlorine, one- 
fifth or one-sixth of the silver necessary for com¬ 
plete (yrecipitatioif should bo usod; if one part 
to 10,000, onlv one-tenth ; if one part to 100,000, 
only one-sixtieth (Fehling). 

(ft) The solution of the two halides heated 
at 70°-80° is treated with ammonium persul¬ 
phate, and the liberated bromino volatilised in a 
current of air, collected in sulphurous acid, and 
estimated as silver bromide (Engel, Compfc. rend. 
1894, 118, 1263). 

Iodine is separated from chlorine in exactly the 
same way as bromine from chlorine. The loss of 
weight on treating with chlorine, multiplied by 
2*509, gives the weight of silver iodide in the 
portion of precipitate taken. 

Iodine from chlorine or bromine. The solu¬ 
tion is slightly acidified with hydrochloric acid, 
mixed with palladious chloride until precipi¬ 
tation is complete, and allowed to stand in a 
warm place for twenty-four or forty-eight hours. 
The precipitate of palladious iodide Pdl a is 
collected on a weighed filter, washed with warm 
water, and dried at 100°, or is reduced by heating 
in hydrogen and the metal weighed. 

Iodine can also be liberated by nitrous acid 
and estimated volumetrically (v. Volumetric 
methods). 

Bromine , chlorine, and iodine from one 
another, (a) The throe elements arc precipi¬ 
tated and weighedUogelher in one part of the 
solution. In another part the iodine is separated 
as palladious iodide by palladious chloride, or 
belter, nitrate; the excess of palladium is 
removed by hydrogen sulphide and excess of 
the latter by ferric sulphate; and the chlorine 
and bromine in the filtrate are precipitated com¬ 
pletely or fractionally and the bromine deter¬ 
mined in the manner previously described. The 
chlorine is estimated by difference. 

(6) A direct method of estimating the three 
halogens in a mixture of their soluble salts has 
boen investigated by Jannasch and his colla¬ 
borators. The process in its present stage of 
development gives a sharp separation of chlorine 
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and iodine, but the results for bromine are 
rather low. The mixture dissolved hi 25 o.o. 
of water is heated to*boiling with acetic aoid 
and hydrogen peroxide, and the liberated iodine 
expelled by a current of carbon dioxide. The 
bromine is then liberated by adding excess of 
hydrogen peroxide and moderately strong sul- 
pnurio acid (5:3). The iodine is collected in 
an ammoniacal solution of hydrazine sulphate 
and the bromine in alkaline hydrazine sulphate. 
After acidifying with nitric acid, the iodine and 
bromine are precipitated as silver salts, and the 
ohlorine left in the distilling flask is similarly 
precipitated (Ber. 1906, 39, 196, 3055; J. pr. 
Chem. 1908, 78, 29; Zeitsck. anorg. Chem. 1, 
144 and 245). (For other processes for sepa¬ 
rating the halogens, see Volumetric section; and 
Monatsk. 13, 1; Chem. Soc. Trans. 1893, 63, 
1051; Compt. rend. 1898, 126, 187; Ber. 1899, 
32, 3615.) 

Several indirect methods of estimating these 
three elements in a mixturo have been pro¬ 
posed. They are based on the methods given, 
together with the fact that the radicals may bo 
preoipitated exaotly by a standard solution of 
silver nitrato and the precipitate weighed, the 
proportion of silver and halides in the precipi- 
tato being thus determined (v. Fresenius, 
Quantitative Analysis, sect. 5). 


Indirect Methods of Determination. This 
estimation of two or three halogens in a 
mixture furnishes a good example of indirect 
methods of analysis, which aro adopted in those 
cases where the separation of two or more 
constituents is either impossible or inconvenient. 
The calculation of the relative proportions of 
these constituents becomes possible when one 
can obtain as many independent relationships 
as there are radicals to be determined. The 
estimation of chlorine and bromine (a) is a case 
in point. The loss of weight- due to the replace¬ 
ment of Br.(79*92) by Cl(35*46) is proportional 
to the amount of bromine present. Let w = 
loss of weight. Now 


Cl 35 46 
Br “ 79*92 


and hence Br — ^ - Br = tv; 


or Br = 1*797 w : i.e. the loss of weight multi¬ 
plied by 1*797 gives tho quantity oi bromine 
present. 

Similarly, tho halogens in a mixture of 
soluble chloride, bromide, and iodide can be 
calculated from the following data: (i.) the 
amount of iodine present, set free by nitrous 
acid or hydrogen peroxide and aoetic acid ; 
(ii.) the total weight of mixed silver halides 
obtained from a known Amount of mixture; 
(iii.) the silver required for the complete pre¬ 
cipitation of the three halogens ; this is obtained 
volumetrically. The indirect method can t also 
be applied to the estimation of sodium and 
potassium contained in the mixed chlorides 
from a silioate analysis ( v . supra). The data 
required are: (i.) the weight A of mixed 

ohlorides ; (ii.) the weight B of chlorino therein 
contained, this amount being determined either 
gravimetrically or volumetrically. Let x and y 
Be the amounts of potassium and sodium 
respectively, then these quantities are readily 
calculated from the following equations, where 
Cl, K, and Na represent the atomic weights of 
these element* 


Cl 


x + y « A-B 

, Cl x, 

*+ss ! '‘" b 


These indirect methods give useful results 
only when the atomic or molecular weights of 
the two radicals differ considerably, and when 
the quantities present are approximately equal. 
Moreover, the results are affected to a consider¬ 
able oxt-ent by comparatively Bmall experi- 
mental errors. 

Cyanide from chloride. Silver nitrate is 
added in excess to an approximately 2 p.c. 
solution of soluble cyanide aad chloride. An 
excess of normal nitric acid is now added, and 
tho mixturo containing tho freshly precipitated 
silver salts is distilled, when hydrocyanic acid is 
expelled quantitatively and estimated in the 
dist-illalo by precipitation* as silver oyanide with 
acidified silver nitrate, drying this precipitate 
at 110®, and'weighing in a Gooch crucible or on 
a tared filter paper (Plimmor, Chem. Soc. Trans. 
1904, 85, 12; compare also Richards and 
Singer, Amer. Chem. J. 1902, 27, 205). * 

Phosphoric acid from metals, (a) The nitrio 
acid solution, as free as possible from hydro¬ 
chloric acid, and free from silicic and arsenic 
acids, is mixed with excess of a solution of am¬ 
monium molybdate in nitric acid, heated gently 
for a fow minutes, and filtered after standing for 
a short time. Tho precipitate is washed with 
dilute nitric acid, dissolved m ammonia, and the 
; phosphoric aoid precipitated by magnesia 
mixture. This method is more especially ap- 
1 plica hie when tho quantity of phosphoric acid 
is relatively small. To prepare ammonium 
molybdate solution, 25 grams of the salt is dis¬ 
solved in 100 c.c. of dilute ammonia,and the solu- 
, tion poured gradually with constant and vigorous 
i agitation into 500 c.c. of a fixture of 3 vols. 
strong nitric acid and 1 vol. water. The liquid 
is heated at 60® for some time and tho clear 
solution drawn off. 

(b) By stannic oxide. The nitric acid solu- 
jfcion is concentrated, mixed with fuming nitric 
j acid boiling at 86*, heated gently, and granulated 
tin addod gradually in quantity not less than 
| four times the amount of phosphorio aoid pre¬ 
sent. The stannic oxide produced forms an in¬ 
soluble compound with the phosphoric acid. 
This is filtered off, washed with hot water, dis¬ 
solved in caustic potash, the solution saturated 
with hydrogen sulphide, acidified with acetic 
acid, and the stannic sulphide removed. The fil¬ 
trate is concentrated, any stannic sulphide which 
separates subsequently is removed, and the 
phosphoric acid is estimated in the usual way. 
The original filtrate from the stannic oxide con¬ 
tains the metals previously combined with the 
phosphoric acid. 

(c) The nearly neutral solution is mixed 
with silver nitrate and digested for some time 
with excess of silver carbonate. The phos¬ 
phoric acid separates as silver phosphate, tho 
metals remain in solution with tho excess of 
silver nitrate. The silver is removed by hydro¬ 
chloric acid. 

( d ) When the phosphoric acid is combined 
with metals jvhicli form phosphates insoluble in 
water but soluble in acetic acid, the solution 
is nearly neutralised, mixed with sodium or 
ammonium acetate, and a slight excess of ferrio 
chloride containing a known weight of iron 
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added. The liquid is heated to boiling, the j kSeparation of phosphorio and titanic acids (u. 
mixture of femo phosphate and basio acetate J. Soo. Chem. Ind. 1895, 14, 443). Estimation 

washed with hot water, dried, and heated in a of phosphorus in phosphor*bronze (v. J. Amer. 
platinum crucible until the weight is constant. Chem. Soo. 1897, 19, 396) in phosphor-tin 

The weight of the precipitate minus the known (J. Soo. Chem. Ind. 1908, 27, 427). 

weight of the ferric oxide gives the phosphoric Silicic acid from titanic acid. The silica 
anhydride P a O ? . The precipitate may be mois- and titanium dioxide are weighed together, the 
tened with nitric acid before the final ignition. mixture fused with a somewhat large quantity 

Phosphoric acid in silicates. In the analysis of potassium hydrogen sulphate, and the cooled 
of silicates (i>. supra) the phosphoric acid is mass extracted with water. Silica is left un¬ 
found together with iron .and aluminium in tho dissolved, titanic oxide dissolves, and can be 
precipitate produced by ammonia in the filtrate procipitated from the filtrate by ebullition (v. 
from the silica.,. This mixture is analysed in Titanium). 

accordance with the method indicated under the Sulphides. If the sulphides are decom- 
separations of metals (Group III.). posable by hydrochloric acid, the hydrogen 

Phosphorus and silicon in iron and steel. The sulphide is absorbed in hydrochloric acid con- 
iron or steel borings are dissolved in nitric acid taming bromine (v. Determination of metals). 
(1HN0 8 sp.gr. 1*4:1JJ 2 0); the solution ova- Insoluble sulphides are decomposed by gently 
porated to dryness, and the residue ignited heating with aqua regia or with hydrochloric 
oarefully until all tho ferric nitrate is converted acid and bromine, and the sulphurio acid 
into ferric oxide. Tho ignited residue is dis- estimated in the solution. The latter method 
solved in concentrated hydrochloric acid heated gives the total sulphur. 

nearly to boiling, when the ferric oxide and Sulphur in coal and coke. Tho finely pow- 
phosphate pass into solution, leaving insoluble dered material (1 gram) is mixed intimately with 
silica. The solution is evaporated to dryness, 1 gram of calcined magnesia and 0*5 gram of 
moistened with strong hydrochloric acid, and sodium carbonate, and ignited to dull redness 
taken up with water; the silica is collected, in an open platinum crucible for 1 hour, the 
ignited, and weighed, its purity being tested by mixture being stirred every five minutes with 
treatment with hydrofluoric and sulphuric acids, a platinum wire. The mixture is then hoated 
The phosphoric acid in tho filtrate is estimated strongly for 10 mKmtes with 1 gram of am- 
by either of tho following methods. monium nitrate. The rosidue is extracted with 

(а) The ferric solution, diluted and almost water and the sulphate determined in the usual 
neutralised with ammonia, is reduced with sul- way (Eschka). The sulphur may also be deter- 
phurous acid or sodium sulphite. Hydrochloric j mined, by heating tho coal with sodium or potaa- 
acid is added and tho excess of sulphur dioxide j sium carbonate (4 parts) alone, and extracting 
exj>eiled by boiling. A small portion of the the residue with hydrochloric acid and a few 
ferrous iron is now reoxidised with a few drops drops of bromine (Nakamura). ( Compare also 
of bromine water ^ Ammonia is added caro- Zoitsch. angow Chem. 1305,18,1560; Chem. Zeit. 
fully till a browp precipitate is formed which 1908, 32,349; J. lluss. Chem. Soc. 1902,34,457.) 
beoqmes green on stirring. Acetic acid is added Sulphur in pyrites. The pyrites is oxidised 
till the precipitate either dissolves or becomes either by fusion with sodium peroxide and 
whiter, and the solution then hoated to boiling, sodium carbonate or by oxidation with nitrio 
The precipitate, which contains all tho phos- acid and bromine. These processes convert the 
phorus as forrio phosphate mixed with basic sulphur to sulphate, which is estimated in the 
ferrio acetate, is dissolved in hydrochloric acid, usual way (v. J. pr. Chem. 1892, [2] 45, 103; 
the solution evaporated nearly to dryness, excess Zeitsch. anorg. Chem. 6,303; lx. 1896, 12, 
of citrio acid added, and then magnesia mixture 129; J. Soc. Chem. Ind. 1905, 24, 7 ; Chem. 
and ammonia. The magnesium ammonium News, 1906, 93, 213). 

phosphate is redissolved in hydrochloric acid A convenient method of determining sulphur 
and reprecipitated in the presence of citric acid in pyrites consists in oxidation with bromine 
to remove a small amount of iron, and ignited in carbon tetrachloride solution, followed by 
and weighed as Mg 2 P 2 0 7 . treatment with nitrio acid, and precipitation of 

(б) The filtrate from the silica is evaporated the sulphuric acid as barium sulphate after 
to dryness, the residue dissolved in dilute nitric removal of silica and reduction of ferric salts 
acid, ammonium nitrate added, and the solution (J. Soc. Chem. Ind. 1912, 919). Bartsch (Chem. 
heating to boiling. A boiling solution of am- Zeit. 1919, 43, 33) finds that the sulphur in 
monium molybdate is then added to phosphate pyrites yields hydrogen sulphide when treated 
solution, when ammonium phosphomolybdate is with hydrobromio acid in contact with mercury 
precipitated quantitatively. This precipitate is and bases on this observation a rapid method 
redissolved ih ammonia to which ammonium for the valuation of pyriteB. For details of the 
nitrate and ammonium molybdate are added, ! process and the apparatus employed, see Analyst, 
and repreoipitated by adding hot nitrio acid to 1919, 148. 

the boiling solution. The compound is now Sulphuric acid from all other acids except 
pure, and is collected, washed with water con- hydrofluosilicic by precipitation with barium 
tabling ammonium nitrate and nitric acid, and chloride in presence of hydrochloric acid, 
either dried at 160*-1 80° or gently ignited. In Sulphuric acid from hydrofluosilicic acid. 
the former case it is weighed as (NH < ) 3 P0 4 , The solution is mixed with excess of potassium 
12MoO| (containing 3-782 p.c. P 2 0 B ) or in the, chloride and an equal volume of strong alcohol, 
latter • as 4 P 8 0 5 ,24Mo0| (containing 3-946 p.c. filtered through a weighed filter, and the preoipi-' 
(*• Ber. 1878, 11, 1640; Zoitsch. anorg. | tate of potassium silioofluoride (K a SiF t ), washed 
Chem. 1893, 32, 144 ; Amer. Chem. J. 34, 204with a mixture of equal volumes of alcohol and 
Analys# 1909, 34, 392; Chem! Zeit. 21, 442). water, and dried at 100°, The sulphurio acid in 
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the filtrate is estimated in the usual way after j 
evaporation of the alcohol, [ 

Titanic acid from silicic acid (v Silicic acid 
from titanic acid). 

Boric acid. The borates of the alkali and 
alkaline earth metals, when heated with puro 
methyl alcohol (free from acetone) and acetic 
acid, evolve all the boron present in the form of 
methyl borate (b.p. 65°). -This liquid, when 
added to moist lime, is completely hydrolysed 
and the boric acid set free combines with the 
calcium oxide forming calcium borate. The 
decomposition is effected in a small retort fitted 
with a tap funnel for introducing further quan¬ 
tities of methyl alcohol. The retort is connected 
with a water condenser and a conical flask 
containing a weighed amount of quicklime. This 
lime is carefully slaked before the distillation, 
and the methyl borate dropping into the conical 
flask is decomposed and the boric acid taken up 
by the lime. The contents of the receiver are 
rinsed into a platinum dish, and the methyl 
alcohol evaporated at as low a temperature as 
possible. The residue is cautiously ignited to 
destroy calcium acetate, and the increase in 
weight of the lime represents the amount of 
boric anhydride B 2 0 3 obtaiigd from the borate. 
Instead of lime, aqueous ammonium carbonate 
may be usod in the receiver, and the liquid 
poured on to slaked limo (frfftn a known*woight 
of quicklime) contained m a platinum dish 
(Zeitsch. anal. Chem. 1887, 26, 18, 364). 

Volumetric Methods. 

In volumetrio analysis the proportion of a 
substance is ascertained, not by separation and 
weighing, but by determining the exact volume 
of a reagent solution of known concentration 
required to produce some particular reaction, 
such as neutralisation, oxidation, or precipita¬ 
tion. The termination of the reaction is indi¬ 
cated by some end-reaction, wljich is usually a 
production, destruction, or change of colour, 
the formation of a permanent precipitate or 
the cessation ot the formation of a precipitate. 
In determining the strength of caustio soda, for 
example, it is coloured yellow with methyl 
orange, and a dilute solution of sulphuric acid 
of known strength is added gradually until 
the yellow colour of the methyl orange just 
changes to red, thus indicating the point of 
neutralisation. The volume of acid required is 
noted; the weight of sulphurio acid which it 
oontains, and hence the weight of soda which 
it will neutralise, is known, and thus the pro¬ 
portion of soda in the substance is determined. 

In order that a reaction may serve as the 
basis of a volumetrio process, it must be rapid, 
simple, and definite, and not complicated by 
secondary reactions. It should remain constant 
through considerable variations in conditions, 
and should not, for example, be materially 
affected by the degree of concentration of the 
solution. A final reaotion should be rapid, per¬ 
fectly deoisive, and should only require a slight 
excess of the reagent for its production. In 
many oases a thini substance is employed to 
indioate the completion of the reaction, and is 
tanned an indicator. It is an internal indicator 
if it is added to the bulk of the liquid, an external 
indicator if drops of the liquid are removed and 
brought in oontact with it. 


The execution of volumetric processes in¬ 
volves the possession of accurately graduated 
instruments of three kinds, viz. flasks, pipettes, 
and burettes. Hie flasks should be fitted with 
well-ground stoppers, and should have some¬ 
what long necks, the graduation being not higher 
than the middle of the neck, in oifler that there 
may be sufficient empty spaoo for efficient agita¬ 
tion. Flasks holding respectively 1000 o.c., 500 
c.c., 250 c.c., and 100 o.c., are used. Each flask 
should have two graduation marks, viz. the 
containing mark , indicating the point to which 
the flask must bo filled in order that it may 
then contain the particular volume of liquid, and 
the delivery mark or point to winch the flask 
must bo filled in order that it may deliver the 
given volume of liquid when emptied by drain¬ 
ing. A pipette is usually a cylindrical bulb 
terminal iiig at each end in a tube, the lower 
of which is drawn out to a jet, whilst the end 
'of the upper tube is slightly contracted so that 
it may bo readily closed by the forefinger and 
the flow of liquid regulated or stopped altogether. 
Usually a pipette has only a delivery mark, but 
occasionally they are graduated throughout their 
whole length, and then take the form of a some¬ 
what wide tube contracted to a jet at the bottom 
and terminating in a narrower tube at the top. 
Pipettes of 100 c.c., 50 c.c., 25 c.c., 10 c.c., and 5 
c.c. capacity are most generally useful. A burette 
is a long tube of uniform bore, 12 to 15 mm. in 
diameter, graduated in cubic centimetres and 
tonths or fifths. A convenient capacity is 50 c.c. 
It is open at the top and contracted at the 
lower end, to which a glass jet is attached by 
means of a pieoe of narrow indiarubber tubing. 
This tubing is nipped by a spring pinchcock, 
which is opened by the pressure of the fingers, 

I the flow of liquid being thus 
j regulated. A better plan is 
I to insert in tho indiarubber 
tubing a short piece of glass 
I rod tne diameter of which is 
just sufficient to prevent the 
flow of liquid when the tub* 
j ing remains circular.. If,*however, the tubing 
. is squeezed out laterally by the pressure of 
! the thumb and fore finger (Fig. 9), a channel 
1 is made through which the liquid can pass, 
j and by increasing or reducing the pressure, the 
flow of liquid can be regulated to a nicety. 
Certain reagents act upon indiarubber, and for 
i these a burette with a glass stopcock should be 
used. This form is, in fact, the most convenient 
for all purposes. The stopcock may be pre¬ 
vented from sticking by a little vaseline or 
paraffin, and from slipping out by a small india- 
rubber ring passed over the tap and round the 
burette tube. Sometimes the tube carrying the 
stopcock is not m the same line with the burette, 
but is bent twice at right angles, so that the 
burette jet, although still vertical, is one or two 
inohes in advance of the burette itself. This 
form is useful when titrating hot liquids, since 
the risk of heating the burette and its contents 
is reduced. An alternative method is to have 
the top of an ordinary burette funnel-shaped, 
which admits of the burette being sjpng m a 
stand by the funnel without other support, so 
that it can be tilted from the vertical when 
titrating hot solutions. 

When a burette is in use, it is important that 
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it should be supporter! in a vertical position. 
This can be done by means of a clamp attaohed 
to a stand similar to a retort stand. A useful 
and easily constructed burette Btand is described 
in J. Amer. Chem. 800 . 1905, 27, 1442. 

When several different solutions are being used 
continually, k* is convenient to have the series 
of burettes attached to a revolving stand, so 
that each may be brought round to the front 
when required. Short test-tubes inverted over 
the tops of burettes servo to keep out dust. 

Standard solutions should be kept in well- 
stoppered bottles in a cool place protected from 
bright light. When many determinations of 
the same Kind have to be made, it is convenient 
to keep the reservoir of standard solution at¬ 
tached to the burette to facilitate the filling of 
the latter. A glass, T-pieco is introduced be¬ 
tween the graduated part of the burette and the 
stopcock or pinchcoek, and is attached by means 
of an indiarubber tube to a tuIndus at the bottom 
of the bottle which contains the standard solution 
and stands on a shelf above the burette. If this 
bottle has no tubulus, a glass tube bent twice at 
right angles,with one limb reaching to the bottom 
of the bottle and the other connected with the 
burette, is fitted into the neck of the bottle by I 
means of a cork, and is kept always full, so that! 
it acts as a siphon. There must, of course, be 
an entrance for air as the liquid Aowb from the 
bottle. The flow of liquid into the burette is regu¬ 
lated by a pinchcock on the indiarubber tube, j 
If the standard solution acts upon indiarubber, 
all these connections must bo constructed of 
glass tubing. Burettes may now be obtained 
fitted with Greiner and Friedrich’s three-way taps 
(compare Fig. 12); these aro readily connected to 
reservoirs and filled from the bottom. Filling 
the burette from the bottom avoids the forma¬ 
tion of air-bubbles, but it can also be filled 
from the top if the tube from the stock bottle 
is bent slightly so that the liquid Hows down 
the side of the burette. A convenient form of 
apparatus for this method, which is the only one 
available with an ordinary tap burette without 
a side-tube attachment, is described in Chem. 
News, 1906, 93, 71. When the standard solu¬ 
tion altera if exposed to air, the surface of the 
liquid may be covered with a layer of rectified 
paraffin of moderately high boiling-point, or the 
neok of the bottle may be provided with a cork 
carrying a tube containing caustic potash, or 
alkaline pyrogallate, through which all air enter¬ 
ing the bottle has to pass. A still better plan 
is to fill the upper part of the stock bottle 
with carbon dioxide, or, if the nature of the 
solution permits, with coal gas, and connect it 
by means of a cork and tube with a self-acting 
oarbon dioxide apparatus or the ordinary gas 
supply. When solution is withdrawn, carbon 
dioxide or coal gas enters. The burette should 
be kept permanently attached to the reservoir as 
just described, and the top end of the burette also 
put into communication with the inert gas supply. 

Graduation of the instruments .—Accurate 
calibration of the measuring vessels is of course 
necessary if correct Results are to be obtained, 
and it is never advisable to trjist the makers’ 
graduations. All the mstrumehts should be 
ohecked before being taken into use. Although 
it is sufficient for most purposes if the relative 
volumes of the vessels aro correct, they should 


nevertheless be graduated in true oubio centi¬ 
metres. With gas-volumetric apparatus this 
procedure is essential. If the calibration is per¬ 
formed at a temperature of 18*-20°, variations 
from the true volume resulting from the ex¬ 
pansion of the glass are bo small for the intervals 
of temperature through which the laboratory is 
likely to vary, that they may be neglected. 

The vessels are. checked by ascertaining the 
weight of distilled water at a known temperature 
which they will oontain or deliver as the case 
may be. A large beaker of distilled water is 
placed in the balance room, and left for some 
hours till its temperature has become constant. 
The vessels to be calibrated are thoroughly 
cleansed by successive treatments with concen¬ 
trated caustic potash, distilled water, and a warm 
solution of chromic acid in concentrated sul¬ 
phuric acid, and then rinsed well with distilled 
water. The flasks are then dried. A narrow 
strip of paper is attaohed vertically to the neck 
of the litre flask noar the mark, the flask place -1 
on one pan of a large balance capable of re¬ 
sponding to 0-05 gram, and counterpoised. 
Weights corresponding with tho weight of water 
which at tho temperature of the supply in use 
will occupy 1000 c.c., are then placed in the jan ; 
the flask is filled nearly to tho mark with water, 
and water is gradually added until flask and 
weight* are in eftjinhbnuin. Any water ad¬ 
hering to tho inside of the neck of the flask 
above the mark must be removed by moans of 
filter paper. If the mark on the neok of the 
flask is thus found to be in error, a pencil mark 
is made on the strip of paper at the point corre¬ 
sponding with the lower edgo of the meniscus, 
the glass above and below is ovetily ooated with 
a thin film of wax, and a horizontal ring is 
soiatched through by means of a needle pre¬ 
cisely on a loud with the pencil mark. The 
ring is covered with a small piece of filter paper, 
which is moistened with hydrofluoric acid, oare 
being taken to remove au-bubbles. After a 
fovv minutes the acid is washed off and the wax 
removed, when a new mark will be found etched 
into the glass. 

In calibrating volumes by determining 
weights of water, it is uecessary to reduce the 
weight to vacuum standard, and then divide 
the result by tho density of the water in order 
to obtain accurately the volume in true oubio 
centimetres. This calculation can be avoided 
by making use of the following table :— 


i° : 
x \ 

0° 

1*19 

1° 

M3 

2° 

1-09 

3° 

1-07 

4° 

1-06 

6° 

1-07 

t° 

6° 

ft 

7° 

8° 

9* 

10° 

11° 

X 

..ft.. 

1-09 

113 

1*18 

1-26 

1-33 

M3 

t° 

12 ° 

13° 

14° 

15° 

16° 

17° 

X 

103 

1-65 

1-78 

1 93 

2-09 

2-25 

t° 

18° 

19° 

20° 

21° 

22° 

I 23° 

X 

2-43 

2-62 

2-82 

3-03 

3 26 | 

1 3 49 
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24° 

25° 

26° 

I 27° 

28° 

I 29° 

30° 

3 73 

3-98 

4*24 

4*52 

4*80 

8*08 

5*38 


r is the quantity to be subtracted from 1000 
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to obtain the apparent weight (in air, when | 
brass weights are employed) of 1000 o.o. of water 
at the temperature t. For example, at 18° the 
apparent weight of 1000 o.c. is 1000 — 2-43 = 
997*57 grams. 

The litre flask having been graduated to 
contain, it should now be graduated to deliver. 
The full flask is carefully emptied and allowed 
to drain for a definite time—say thirty seconds 
—again counterpoised with the water adhering 
to the inside, and again filled with a further 
100Q c.c. of water in the manner previously 
described. The other flasks are graduated in 
the same way, subtracting only \x from 500 
grams in the case of the 500 c.c. flask, |.r from 
260 grams for the 250 c.c. flask and so on. 

The quantity of liquid which a pipotte will 
deliver depends to some extent on the manner 
in which it is emptied. A small quantity of 
liquid always remains in the jet, and this should 
not be blown out. The best plan is to allow 
the pipette to empty itself whilst held vertically, 
and then to let it drain for twenty seconds with 
the point of the pipotte just touching the side 
of the receiving vessel; hut the method of 
emptying employed in the calibration must be 
adhered to in its subsequent use. 

To test the accuracy with which a pipotto 
has been graduated, it is filled to the mark 
with distilled water at ait observed tempera¬ 
ture, the eontonts delivered into a light, tared, 
stoppered flask, and accurately weighed. The 
operation is repeated several times, and from 
the mean result the true volumo is calculated 
by using the table previously given; for it is 
clear that 1 — denotes the apparont weight of 

1 c.c. of water at t°, or 1 + equals the volume 
at i° occupied by 1 gram of water weighed in 
air with brass weights. If the error in gradua¬ 
tion is greater than can be allowed, another 
mark must be made ; its position may be found 
by repeated trials, a strip of paper being pasted 
along the stem, and the volumes corresponding 
to various pencil marks being found as above. 
The new* mark is then etched in with hydro¬ 
fluoric acid. 

A convenient method for directly calibrating 
pipettes is described by Thorpe (Quantitative 
Analysis). The pipette is sus- 
ended from one arm of a 
alance by moans of a clip, 
so as to hang perpendicularly 
and pass through a hole in the 
bottom of the balance case or 
of a specially constructed table. 

A suitable clip , Fig. 10) con¬ 
sists of a stout brass wire frame 
carrying two clips of sheet 
brass closed by sliding collars. 

The upper end of the pipette 
is passed through the lower 
clip and connected by oaout- 
ohouc tubing with a glass stop¬ 
cock fixed in the upper clip. 

The other end of the stopcock Fig. 10. 
is provided with a piece of 
caoutchouc tubing, to which a piece of thermo¬ 
meter tube or a piece of wider glass tube 
can be attached. The wider glass tube, which 
serves as a mouthpiece, is first attached to 
the stopcook, and the pipette is filled with 



water to a short distance above the mark, and 
then emptied by the method to be adopted 
in its subsequent use. It is then counter¬ 
poised on the balance with the adhering water 
inside, the wide tube being replaced by the 
thermometer tube, and the requisite weights 
placed on the other pan. The jiipette is again 
filled to a short distanco above the mark ; the 
thermometer tube, which is drawn out at one 
end, is attached again, and the stopcock is 
opened. Water drops very slowly from the 
end of the pipette, and it 
can be arrested tho moment 
the balance is in equili- * llr 

brium. The level of the " 4~- 

wator is marked on a piece ~ 

of paper gummed to the = 

pipette, and a new ripg b - 
etched with hydrofluoric 
acid. • J l 

Tho burette is most l . . 

simply calibrated by the \ r 

method due to Ostwald with I ! 

the help of a small pipette 
of about 2 o.c. capacity, S r j 

attached to the burette as 
indicated in Fig. 11. The a ’ p| 

burotto and pipette are filled Jj 

with water to tho zero mark -J J 

and the mark a res pec- [ ' 

tivoly, taking care to leavo 4 
no air bubbles in the tubes. \ 

The clip I (or the tap of the ! 
burette) is opened and water 
allowed to run from the 
burette into tho pipotto till 
the level b is reached. The 
burette reading is then no- , 
ted, and the pipette emptied *, 
to mark a. These operations n. 

of filling the pipette, taking 
a burette reading, and then emptying the pipette, 
are repeatod to the full extent of the burette read¬ 
ings. Suppose, for example, that after twenty- 
four fillings the burette reading is 49*49 c.o. The 
burette is now refilled, and exactly this amount 
of distilled water is run o*t into a tared flask and 
weighed, using all the precautions that would 
be observed in an actual titration. From the 
table already given the true volume of this 
water is calculated. Suppose this to be 49*44 o.o. 
Then the volume of the calibrating pipette must 

be " 2 T = 2 060 c.c. The differences between 
tho successive burette readings and the suc¬ 
cessive numbers 2*00, 4*12, 0*18 . . . give at once 
the burette*, errors at theso intervals, duo regard 
being paid to the sign of the difference. In the 
example quoted, the correction to be applied 
for 60 c.o. is obviously —0*05 c.c. (see J. Amer. 
Chem. Soc. 1900, 22, 149; and for a modifica¬ 
tion of above, J. Amer. Chem. Soo. 1901,23,484). 

A better design for a calibrating pipette is 
shown in Fig. 12, which also illustrates the 
Greiner and Friedrich three-way tap (Morse 
and Blalock, Amer. Chem. J. 1894, 16, 479). 

The gas burettes . described under Gas 
analysis maj* be calibrated in muciu the same 
way ai an ordinary burette, by filling with 
water or mercury', drawing off aliquot portions 
and weighing thpm, the temperature of the liquid 
being noted and the appropriate correction made 
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{or expansion. Any error thus detected must 
be usea as a correction in subsequent readings. 

Standard solutions. — These 
form the basis of all volumetric 
work, and great care should be 
exercised in their preparation. 
* When a solution is used only 
for the estimation of one 
substance, it may be convenient 
to adjust its strength so that 
each c.c. is equivalent to some 
simple and definite quantity of 
4 he substance, say 0 01 gram; 
but for general purposes the 
so-called normal solutions should 
be employed. A normal solu¬ 
tion contains in 1000 e.c. the 
equivalent m grains of the active 
substance. A solution of one- 
tenth This strength is termed a 
drr manual solution, and one 
of a hundredth a a nimal null 
solution. Thus a normal solu¬ 
tion of sulphuric acid contains 
40*04 grams of real acid per 
btre, a dooinormal solution of 
iodine contains 12*09 grams of 
iodine per litre, and each litre 
of a dccinormal solution of 
potassium permanganate con¬ 
tains 0\S grams of active oxygon. 

Standard solutions are usu¬ 
ally made up approximately 
normal or decinormal as the ease may be. 
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this curve, except in the case of very dark* 
ooloured solutions, when the upper line of the 
surface must be taken. The meniscus must be 
properly illuminated, and on a level with the 
eye, in order to avoid parallax. The best 
method of avoiding this error is by the use of 
a burette having tne graduation marks oarried 
half-w'ay round the tube. In default of such 
a burette, use may be made according to Mohr 
of a piece of card one-half of which is blaok 
and the other half white. This is attached to 
the burette by an indiarubber*ring, and i^ ad¬ 
justed so that the horizontal edge of the blaok 
half, which is lowest, is 2 to 3 mm., but not 
more, below the meniscus. The lower edge of 
the curve then appears black against the white 
background. If the card is too low, the reading 
will be slightly too high. The little clamp and 
screen designod by Uockel are based on the 
same principle. Some burettes are provided at 
the back with a dark vertical lino on a milk 
glass background. When the eye is on a level 
with the bottom of the meniscus, the dark line 
appears to be drawn out to two fine points 
which just touch one another. By means of 
these devices accurate readings can easily be 
taken even without using a burette float. 

In addition to the errors incident to all 
analytical processes, another error arises in 
volume&ic analysis,•'owing to variations in the 
concentrations of the solutions due to changes 
of temperature. In the case of N/10-solutions 
this affects the results to the extent of 0*1 p.o. 
for each 5° variation in temporature. With 


and afterwards accurately standardised by I concentrated solutions, especially those of the 
titration against a weighed amount of some 'acids and alkalis, the error is greater. The 
nnre n '' rn ’' / ' ,,rwl rf +I '“ "' J *** : ~' u ~- 1 . 'coefficients of expansion of certain standard 


pure compound. If the solution has been pur¬ 
posely made rather too concentrated, it may 
then be suitably drilled until exactly normal 
or decinormal. Since accurate adjustment by 
dilution is difficult to effect, and in a certain cases 
inadvisable, it is usually better to avoid the 
process and determine a factor by winch readings 
must be multiplied in order to convert them into 
equivalent readings of a normal or decinormal 
solution. For example, if 1 c.c. of potassium 
permanganate solution is found to be capable 
of oxidising 0*005030 grains of iron, then since 
the corresponding figure for a deoinorrnal solu¬ 
tion is 0'005585, the permanganate is or 

1 rw~i n • , 5585 

1*008 tiruos decinormal, and when using it to 
estimate a substance of equivalent x, each o.s. 
of permanganate will oxidise x 1*008 

warns .of substance. When only one or two 
litres of a standard solution are roquired, and 
the pure reagent is at hand, the exact quantity 
may be iveighed out and diluted to the appro¬ 
priate volume; e.g. solutions of silver nitrate and 
potassium diohromate may be thus prepared. 

Measurements .— In measuring out solutions, 
the vessels must be perfectly dry, which is 
inconvenient, or must bo well drained and then 
rinsed out with a small quantity of the solution 
to be measured, which is allowed to run away. 

To read correctly tl\p level of the liquid in a 
burette or pipette requires certain precautions. 
In the first place, the instrument must bo held in 
a vertio&l position. Ordinary liquids form a 
oonoaira surface, or meniscus, ^nd the reading 
should always be taken from thq lowest point of 


solutions have been determined by A. Schulze 
(Zeitsoh. anal. Cliem. 21, 167). 

Errors due to changes of temperature may be 
eliminated by weighing the solutions instead of 
measuring them. The liquid is contained in a 
light glass bottle, with a long jet-liko neck, and 
a tubulus at tko shoulder which can be dosed 
by the finger, and the flow of liquid thus regu¬ 
lated. The bottle is weighed, tho solution 
poured gradually from it until the reaotion is 
complete, and the bottle again weighed. Tho 
difference between the two weighings gives the 
quantity of solution used. Convenient weight 
burettes are described in Chom. News, 1877, 
35, 98 ; J. Amer. Chem. Soo. 1908, 30, 31. 

Volumetric methods may be broadly classi¬ 
fied as I. Methods of Saturation ; II. Methods 
of Oxidation and Reduction; III. Methods of 
Precipitation; and examples of the two latter 
types of processes are indicated below. (For 
methods of saturation, v. Acidimktry and 
Alkalimetry. ) 

Itf the following section the methods for 
preparing and standardising the more com¬ 
monly employed solutions are first described, 
followed by details of tho various volumetric ■ 
estimations for which these solutions may be 
conveniently employed, alphabetically arranged 
under the names of the elements that are 
determined. 

Preparation of Standard Solutions. 

Potassium permanganate. 

Employed as an oxidising agent, usually in 
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dilute sulphuric aoid solution, when the per¬ 
manganate decomposes aooording to the equa¬ 
tion: 

2KMn0 4 +3H a S0 4 

=K a S0 i +2MnS0 4 4-3H 2 0-f50. 

The oxidation of ferrous sulphate, for ex¬ 
ample, is represented in the following manner:— 
2KMnO 4 +l0FeSO 4 +8H,SO 4 

= K 2 S0 4 +2MnS0 4 +5Fe J (S0 4 ) 3 +8H a O 

and of oxalio acid thus: 
2KMn0 4 +5H„C/) 4 +3H 2 S0 4 

= K a S0 4 +2MnSO 4 +8H a O+10CO r 

In ordor to facilitate calculation, these oxida¬ 
tions arc conveniently expressed as a trans¬ 
ference of oxygen from one oxide l,o another, e.g.: 
lOFeO-f Mn a 0 7 = 5Fe,0 3 +2Mn0. 

The utility of permanganate solution de¬ 
pends upon the facts that such oxidation pro¬ 
cesses are usually quite easy to effect, the end¬ 
point being readily indicated by the solution 
acquiring a faint permanent pink tinge, due to 
the presence of a slight excess of permanganate, 
which thus acts as its own indicator. Oxida¬ 
tion usually proceeds rapidly at the ordinary 
temperature, but solutions of oxalio acid must 
be heated to 60°-80°. It is most essential that 
a considerable excess of sulphuric acid should 
be present (about 6 c.o. of concentrated *cid per 
100 c.c. of solution), since otherwise the solution 
becomes turbid owing to the separation of 
manganese dioxide, and the determination is 
spoilt, ^he "presence of hydrochloric acid in 
the solution should be avoided, if possible, since 
it reaots wjth the permanganate undor certain 
circumstances, particularly in the presence of 
iron salts. The error that thus arises can be 
reduced to a negligible amount by adding 
manganese sulphate to the solution, and titrating 
very slowlv. The addition of colloidal silieio 
acid, added in the form of a solution of sodium 
silicate, containing about 0’1 gram Si0 2 per 
1 o.o., entirely prevents the oxidation of the 
hydrochloric acid in presence of manganous 
sulphate. 

Preparation and titration of the solution. —A 
deoinormal solution containing 3 TO grams of 
the salt per litre of solution is most convenient 
for general use ; it is most readily prepared by 
grinding the solid repeatedly with small amounts 
of distilled water in a mortar and decanting the 
solution into the stock bottle. After a day or 
two, the solution is filtered through asbestos, 
and standardised. If kept away from direct 
sunlight, reducing gases and dust, it retains its 
titre for a long time; its spontaneous decom- 

• position is largely augmented by the presence 

of solid dioxide, which explains the necessity 
for the filtration through asbestos (Amer. Chem.' 
J. 1896, 18, 401). » 

The solution is best standardised against 
^ electrolytic iron, anhydrous sodium oxalate, or 

* by the iodimetric method of Volhard, using a 
thiosulphate solution which has been recently 
titrated against pure iodine. (For the latter 
method, see Thiosulphate solution , and for the 
first, which requires a somewhat complicated 
apparatus, consult Treadwell-Hall, vol. 2, 81.) 

Titration by sodium oxalate. —This method 
vu proposed by Sdrensen, and its accuraoy 
has been fully established by various other 


chemists (Zeitsoh. angew. Chem. 1902, 15, 
1244; 1904, 17, 230 and 269; 1905, 18, 1520). 
The pure oxalate, prepared by Kahlbaum aooord¬ 
ing to Sorensen’s directions, should be dried at 
100° for a few hours before use. 

Three or four portions of the oxalate, eaoh 
weighing about 0-25-0-30 grams* are dissolved 
in an excess of diluto sulphuric acid ; the solu¬ 
tions are warmed to 60®-80°, and titrated with 
the permanganate solution until a faint, per¬ 
manent pink colouration is obtained. From 
the relation 2Na 2 C 2 0 4 = O a , the value of the 
permanganate solution is calculated for each 
titration, and the mean of the concordant 
results adopted as the true value (c/ McBride, 
J. Amer. Chem. Soc. 1912, 34, 393). 

Many other methods for standardising per¬ 
manganate have been proposed, e.g. titration 
against crystalline oxalic' acid H 2 C i 0 4 ,2H 1 0, 
ammonium oxalate (Ntf 4 ) 2 0„0 4 ,H 2 0, ferrous 
sulphate FeS0 4 ,7ll 2 0, Mohr’s salt FeS0 4 . 
(NII 4 ) i ,S0 4 ,6H 2 0, &c., which although at limes 
convenient, are Jess accurate than the methods 
given. Standardisation against iron wire is not 
to be recommended, since the Bmall quantities 
of oxidisablo impurities present consume more 
permanganate than would be required by their 
own weight of iron, and the error is augmented 
by making allowance for the actual iron oontent 
of the wire (Zeitsch. anal. Chem. 1903, 42, 359 ; 
Zeitsoh. angow. Chem. 1901, 14, 1233; also 
Tread well-Hall, l.c.). 

It is usual to express the concentration of a 
permanganate solution in terms of the amount 
of iron it can oxidise; thus 1 o.c. of N/10- 
KMn0 4 = 0-005685 gram Fo. 

Potassium dichromate. 

A solution of this reagent may replace 
permanganate in the titration' of ferrous salts, 
with the advantage that it can be used in* the 
prcsenco of either hydrochloric or sulphuric acid. 
An excess of free acid is essential, the oxidation 
of ferrous chloride, for example, proceeding 
according to the equation : 

K s Cr c O 7 +6FeCl a +14IIC1 

= 2KCl+*CrCl 3 +6FeCl 8 +7H a O 
which is essentially; 

2Cr0 8 +6Fe0 = Cr a 0 3 -f3Fe a O,. 

A decinormal solution obtained by dissolving 

- * ( jq —■ 1 «■ 4-903 grams of the pure dry re- 

crystallised salt in distilled water and diluting 
the solution to 1 litre, requires no further 
standardisation. A stock solution of approxi¬ 
mate strength may be standardised against 
several weighed amounts (1*0-1-4 grams) of 
pure ferrous ammonium sulphate by a similar 
procedure to that described under the standardi¬ 
sation of permanganate by sodium oxalate. The 
titrations, however, are made in cold solution, 
and the dilute sulphuric acid used should be 
gently boiled for half an hour to expel dis¬ 
solved air, and cooled rapidly just, before use. 
Since the green colour of the enromio salt pre¬ 
vents the excels of dichromate from being seen, 
an external indicator is necessary. 3$rops of a 
dilute solution of potassium ferricyanide, free 
from ferrocyanide, are placed on a white plate, 
and from time fo time the end of a glass rod. 
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previously dipped in the titrating flask, is 
brought into contact with a drop of the ferrl- 
cyanide. As long; as any ferrous salt remains a 
blue precipitate is produced; the approach of 
the end is indicated by the decrease in intensity 
of the blue colouration, and when very near 
the end about*thirty seconds should be allowed 
for the colour to develop. The end-point is 
reached when tho blue colour ceases to appear. 
The ferricyanido solution should be prepared 
only when required by dissolving in water a 
crystal of the salt which has been rinsed to remove 
superficial ferrocyanule: tho yellow colour of 
the drops on tiio white plate should be barely 
visible ; if the ferricyarudo is too concentrated, 
tho blue colouration changes through various 
shades of green into a brown tint. 

Iodine, Sodium thiosulphate, and Sodium arsenite. 

Decinorrual solutions of these reagents are | 
frequently used in conjunction with one another. I 
The reaotion between iodine and sodium thio¬ 
sulphate is essentially: 

2Na,S 8 0 8 +I| = Na,S 4 0 9 -|-2NaI 
although under certain circumstances oxidation 
to sulphate proceeds to a small extent, even at 
the ordinary temperature (Pickering). When 
using decinorraal solutions the end-point is 
readily indicated by the appearance or dia- 
appearance of the yellow colour oi the iodine, 
provided the solution undergoing titration is 
not unduly diluted and is otherwise colourless. 
The production of a blue colour when free 
iodine and starch solution are brought together 
is, however, much more sensitive, and is tho 
method usually employed m ascertaining the 
■end-point. 

Preparation of Starch solution.- —About 3 gram 
of powdered starT-h is rubbed into a paste with 
a little cold water, and slowly added to 200 c.c. of 
boiling water, the boiling is continued for two 
or throe minutes, the solution cooled, and after 
some hours tho clear liquid is decanted. The 
solution will only keep for one or two days, 
unless sterilised, when it is conveniently pre¬ 
served in small bottles, completely filled and 
closed by soft rubber stoppers; it will then 
keep indefinitely. Starch paste prepared from 
Gastine’s formula (5 grams starch, 0-01 grain 
merourio iodide, and 1 litre water) retains its 
sensitiveness for a long time. Addition of 1 c.o. 
of oil of oassia to a litre of starch liquoi is also 
recommended as a preservative. 

Sensitiveness of the iodine-starch reaction .— 
This depends upon several circumstanoes. It 
is necessary to work with cold solutions, pre¬ 
ferably neutral or slightly acid ; the presence 
eff mineral agid in high concentration greatly 
impairs the sensitivenoss of the reaction, since 
it hydrolyses the starch. It is essential that 
a soluble iodide should be present (usually this 
is potassium iodide) in moderate amount; the 
best-’ concentration of potassium iodide to 
employ is about IV/150, since the sensitiveness of 
the reaction then reaches a maximum (aeeZeitsch. 
anal. 0hcm.*1902, 41, 485; Amer. J. Sci. 1900, 
£iv.) 10, 151; J. Arne*. Chem. Soc. 1909, 31, 
1038). • V 

Good starch solution first yields a pink 
colouration with iodine, which more iodine 
develops into the blue colour*; starch which I 


produces green tints should be rejected (J. Amer. 
Chem. Soo. 1908,30, 31). It frequently happens 
in titrating arsenious and antimonioua oxides 
with iodine that various tints of red make their 
appearance instead of tho usual blue coloura¬ 
tion. This is duo to impurity in the starch; in 
such a case ono or two grams of potassium iodide 
are added, the end-point being ascertained from 
the development of the yellow colour of the iodine, 
and then confirmed by the starch (Amer. J. Sci. 

11902, [4] 13, 379). 

Sinnatt (Analyst, 1910, 35, 309) has shown 
| that 1 c.c. of a dilute aqueous solution of 
i methylene blue (0'05 gram per litre) may be 
used in place of starch as an indicator in iodi- 
metrio titrations (see also Analyst, 1912, 37, 
252). 

I'or tho iodine solution 25 grams of potassium 
iodide are dissolved in a little water, 12*7 grams 
of commercial iodine added, and the mixture 
shaken till the iodine has dissolved; the solu¬ 
tion is then filtered through asbestos and 
diluted to J litre. It should be kept in tho 
dark, and protected from dust. For the thio¬ 
sulphate solution tho crystalline salt Na 2 S 2 0 3 , 
5H 2 0 is dissolved in distilled water, using 
25 grains per litre, and the solution kept away 
from direct sunlight for two weeks before it is 
standardised. It then retains its titre for 
months* For the sodium arsenite, 4-948 grams of 
resublimed arsenious oxide are dissolved in a 
little warm sodium hydroxide free from iron, 
the solution rinsed into a litre flask, and made 
just acid to phenolphthalem with dilute sul¬ 
phuric acid. A filtered solution of 20 grams of 
sodium bicarbonate in 500 c.c. of water is added, 

1 and if the mixture reacts alkaline to the fihenol- 
jphthalein, sulphuric acid added till the pink 
; colour disappears. This solution, when diluted 
to 1 litre ana thoroughly mixed, is strictly deci- 
normal, and keeps indefinitely. A measured 
quantity of the N /10 -arsenite solution is delivered 
into an Erlenmeyer flask, and the iodine solu¬ 
tion run in from the burette until present in 
slight excess, starch paste being added nearly 
at the finish of tho titration (sec remarks on 
starch above). The reaction 

As a O a -f 2I,+2H t O ^ As 2 0 5 +4HI 
prooeeds to completion in the senBe of the upper 
arrow m neutral solution, a condition secured 
by the presence of the bicarbonate, whioh 
neutralises the hydriodio acid produced. Since 
the solution should be saturated with carbon 
dioxide, it is advisable to stopper the flask 
except when actually introducing the iodine 
(J. Amer. Chem. Soc. 1908, 30, 31). 
j Tho iodine being standardised, the thio¬ 
sulphate can be directly titrated against it, 
preferably by running the iodine into a measured 
volume of thiosulphate. 

Many alternative methods have been pro¬ 
posed for standardising iodine and thiosulphate 
solutions. The latter may be titrated against 
pure iodine: 0 5 gram of pure iodine and 0T gram 
of potassium iodide are powdered and mixed 
together in a porcelain dish, and heated on a 
sand-bath till vapour is copiously evolved; the 
dish is then covered with a dry watch-glass, and 
the greater part of the iodine sublimed on to it. 
The watch-glass is covered with a second accu¬ 
rately fitting glass and the whole weighed, the 
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weight of the glasses having been previously 
found. The whole is gently placed in a solution 
of 1 gram of potassium iodide in 10 c.c. of water, 
and after a few seconds the solution is diluted 
to 100 o.o. and titrated with the thiosulphate. 

The thiosulphate may also he standardised 
against permanganate, itself verified by reference 
to sodium oxalate. One or two grams of potas¬ 
sium iodide are dissolved in water, acidified with 
5 o.o. of hydrochloric acid (1:5) and 25 c.c. of 
standard permanganate added. The iodine, 
which is quantitatively liberated : 

Mn a 0 7 + 10HI = 2MnO + 5H 2 0+5I a 
is then titrated with the thiosulphate, after 
diluting the solution to 100 c.c. By the reverse 
process of calculation, a permanganate solution 
may be standardised against a thiosulphate 
solution that has been verified by cither of the 
preceding methods (see Standardisation of per¬ 
manganate; ef. Annalen, 1897,198,333; Zeitsch. 
angew. Chern. 1904, 17, 815; Ann. Chun. Anal. 
1904, 9, 365; Zeitsch. anorg. Chem. 1900, 49, 
277). 

(For the use of potassium dichromate in this 
connection, see Volumetric estimation of 
chromium; Zeitsch. anorg. Chem. 1899, 19, 
427 ; 1906, 49, 277. See also Copper under 
Volumetric estimations. For a gravimetric 
method for standardising iodine solution, consult 
Amer. J. Sci. 1909, (iv.) 28, 32.) * 

Tilanous chloride . 

This reagent, introduced into volumetric 
analysis by Knecht (J. Soc. Dyers and Colourists, 
19, No. 6; Bcr. 1907, 40, 3819), is a powerful 
reducing agent. For oxample, a hydrochloric 
acid solution of ferric chloride is quickly and 
quantitatively reduced in the cold, according to 
the equation: 

FeCl a + TiCl 3 = Fed., -f Tid 4 
and the end-point is roached when a drop of 
the liquid ceases to produce a red colouration 
with potassium thiocyanate. Chromic acid and 
cupric salts may be similarly estimated, and 
also a large number of organic dyes. 

Fifty c.o. of the commercial 20 p.c. 
solution of titanous chloride, which usually con¬ 
tains a little iron, are mixed with an equal 
volume of concentrated hydrochloric acid, boiled 
for several minutes, and diluted to 1 litro with 
air-free wator. The solution must be kept pro¬ 
tected from the air; a convenient method is 
figured in Sutton’s Volumetric Analysis (9th ed.), 
p. 224. 

The concentration of the solution is fixed 
by titrating against a knowm quantity of either 
ferrio salt or potassium djphromnte. In the 
former oase 35 grams of pure ferrous ammonium 
sulphate are dissolved in dilute sulphuric acid 
ana the solution diluted to I litre; 25 c.c. i*e 
then exactly oxidised with dilute permanganate, 
and the resulting ferrio sulphate titrated with 
the titanous ohloride until a drop of the solution 
no longer gives a red colour with potassium 
thiooyan&te. Instead of using this ‘ spot-out ’ 
method, 10-20 o.o. of 10 p.c. potassium thio¬ 
cyanate may be added to the ferrio solution. 
If the standardisation be effected with potas¬ 
sium dichromate, addition of the indicator to 
the solution itself is inadmissible. Nearly all 
the titanous ohloride necessary, may, however, 


bo added at onoe, sinoe the colour ohanges, 
through orange to green and then violet, afford 
an indication of the end-point. Drops of solu¬ 
tion are removed for testing when the green 
colour has just disappeared (J. Soo. Chem. Ind. 

1908, 27, 673). 

Pure ferrio alum, the preparation of which 
is described by De Koninck (Bull.Soo. ohim. Belff. 

1909, 23, 222), might also be employed for this 
standardisation. 

For a number of estimations it is necessary 
to employ titanous sulphate instead of the 
chloride. , 

Stannous chloride. 

This reagent has long been employed as a 
reducing agent, but the closely allied and more 
powerfully roduoing titanous salts appear to be 
displacing it. Ferric salts' are easily reduoed 
m hot acid solution : 

2FoCl 3 + SnCl a = SnCl 4 + 2FeCl a . 

Iodine in cold acid solution oxidises it 
quantitatively: 

2SnCI a + 2I a « Snl 4 + SnCl 4 . 

Ten grams of pure tin in thin pieoes are 
heated with 200 c.c. of concentrated hydro¬ 
chloric acid in a platinum dish until dissolved: 
or a glass flask Tnay be used with a piece of 
platinum foil touching the tin to promote its 
speedy solution. The solution is diluted to 
1 litre, and preserved out of contact with the 
air. 

The solution is best standardised by that 
process for which it is afterwards to be employed, 
e.g. if required for iron estimations, by titration 
against a known amount of ferric chloride. 
The latter may be obtained by dissolving, 
10-03 grams of bright iron wirb,(99-7 p.c. iron) 
in hydrochloric acid, oxidising with potassium 
chlorate, expelling the excess of chlorine Ly 
boiling, and diluting the solution to 1 litre; 
25 c.c. are conveniently used for titrating the 
abovo solution. 

Several methods have been proposed for 
determining the end-point. The iron solution 
containing 20-40 c.c. of foncentrated hydro¬ 
chloric acid in a volume of 125 c.c. may be 
titrated nearly at the boiling-point, 15 o.o. of 
indicator solution (34 grams lIgCl a -f-0-05 gram 
Pt as chloride per litre) being added. The 
end-point is reached when a dark-cloud of 
finely divided mercury and platinum is pro¬ 
duced (Amer. Chem. J. 1893, 15, 360). Or a 
drop of the solution may be mixed with am¬ 
monium molybdate on a white plate; the 
slightest trace of stannous salt causes a blue 
colouration. An alternative is to add a slight 
excess of stannous chloride, and titrate back 
the cold solution with iodine. 

(For the standardisation by means of iodine, 
set Volumetric estimation of tin.) # 

Silver nitrate , Sodium chloride, and Am¬ 
monium thiocyanate. 

These precipitation reagents, whioh are con¬ 
veniently made of decinormal strength, are of 
great service for the volilmetrio estimation of 
silver, copper,''* mercury, the halogelf acids, 
oyanides, and thiocyanates. 

Silver nitrate is used either in neutral or in 
nitrio acid solution. In the first case potassium 
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chromate is employed as indicator when halogens 
are being estimated (Mohr’s method). Silver 
ohromate is decomposed by solutions of halogen 
salts forming silver halide and metallic ohromate; 
consequently, sil ver chromate cannot permanently 
exist in the solution until all the halogen has 
been precipitated. The first drop of silver 
nitrate in excess then produces a permanent 
irecipitate of silver chromate, which gives a 
aint red tint to the previously pale-yellow 
liquid. This colour change is more readily 
observed in monochromatic light (from a power¬ 
ful sodium flame). One or two drops of a 
10 p.c. solution of potassium chromate are 
added to the solution, which should not be 
unduly diluted. Silver chromate is soluble in 
mineral acids or ammonia ; hence the necessity 
for working in neutral solution. An alkaline 
solution may be acidified with dilute nitrio acid, 
and then neutralised with powdcrod calcium 
oarbonate. Barium must be absent from the 
solution, since it precipitates the indicator; it 
may be removed with sodium sulphate. 

In the presence of nitrio acid, silver nitrate 
and ammonium thiocyanate solutions are used 
in conjunction (Volhard’s method, Annalen, 
1878, 190, 47). The addition of thiocyanate to 
a nitric acid solution containing silver causes 
the precipitation of white silver thiocyanate, 
and the ond-point is indicated by the rod 
colouration produced by the interaction the 
first drop of thiocyanate in excess with a ferrio 
salt previously introduced into the solution. 
The thiocyanate should always be added to the 
silver solution. The ferric indicator is prepared 
by adding nitrio acid (4: 1 boiled to expel 
nitrous acid) to a saturated solution of iron 
ahim until colourless ; 0-10 c.o. arc used in the 
titration. * * 

Standard sodium chloride solution is used 
fof the estimation of silver by the very exact 
method originally duo to Gay-Lussac. (For a 
description of the method, v. Assaying.) 

Deoinormal silver nitrate is obtained by dis¬ 
solving 16-99 grams of the pure dry recrystal¬ 
lised silver nitrate in water and diluting the 
solution to 1 litre. If it is to be used in con¬ 
junction with the thiocyanate, this solution 
may also be propared by dissolving 10-788 grams 
of pure silver in a slight excess of nitric acid, 
boiling till nitrous acid is expelled, and diluting 
to 1 litre. 

The thiocyanate is prepared approximately 
decinormal by dissolving the salt in distilled 
water (8 grams per litre), and is standardised 
against the silver nitrate solution, 26 o.c. of 
whioh are diluted to 100 o.c. and titrated as 
described above. 

Volumetric Estimations. 

Aluminium. Iodimetrically. The neutral 
solution is boiled with excess of potassium iodide 
and potassium*iodate for twenty minutes in a 
stream of hydrogen; the iodine evolved, and 
collected in potassium iodide, together with that 
which remains in the distilling flask, is titrated 
with NVlO-thiosulphate (Amer. J. Sci. 1906, 20, 
X8I; Zeitsch. anorg. £hem. 1907, 62, 286): 

Al,(S0 4 f t +5KI-FKI0 3 +3H 8 0 v 

. = 2Al(0H) 8 -f3K 2 S0 4 +3T 2 . 

Antimony, Antjwonious solutions. ( a)Iodi - 


metrically. One or two crams of Rochelle salt 
are added, the solution made alkaline with 
sodium bicarbonate, and titrated with N/ 10- 
iodine. I 8 = Sb (v. Arsenic). 

(b) By oxidation. The hot hydrochlprio acid 
solution (above 60°) is titrated with iV/10-potas- 
sium bromate, whish has been standardised 
against a known amount of pure antimony— 

3SbCl 8 4-KB r 0 3 4-6HCl=3SbClj-FKBr-f 3H a O. 

The end-point is indicated by the bleaching of 
a few drops of methyl orange added to the hot 
solution (Chem. Zeit. 1903, 27, 749; J. Roc. 
Chem. Ind. 1906, 25, 1181; Chem. News, 1907, 
95, 49). 

( r ) By oxidation. The cold eolation, freely 
acidified with hydrochloric acid, is titrated with 
JVyiO-permanganftte (Zeitsch. angew. Chem. 1901, 
14, 1179; J. Amer. Chem. Soc. 1907, 29, 66). 

Antimonic solutions, (a) By reduction to 
the tervalent state, and estimation by one of 
the foregoing processes. Reduction may be 
accomplished : (i.) by boiling the hydrochloric 
acid solution with sodium sulphite or sulphurous 
acid (Zoitsch. angow. Chem. 1888, 165); accord¬ 
ing to Rohmer, the reduction is not quanti¬ 
tative unless a gram of potassium bromide is 
added (Ber. 1901, 34, 1565); (ii.) by boiling 
the sulphuric acid solution (100 c.c. containing 
6 c.o. ^ concentrated acid and 4 grams of Rochelle 
salt) with 1-0-1-6 grams of potassium iodide till 
nearly all the iodine is expelled, exactly bleach¬ 
ing the remainder with dilute sulphurous acid, 
diluting, rapidly cooling, and neutralising. The 
solution is then titrated in bicarbonate solution 
with N/10-iodine (Amer. J. Sci. 1892, 42, 213). 

(b ) Iodimetrically. The cold solution con¬ 
taining 20-25 o.c. of hydrochloric acid in a 
volume of 100 c.c., is mixed with 0*5-1-0 gram 
of potassium iodide and the liberated iodine ti¬ 
trated with N/ 10-thiosulphate. I 2 = Sb (Zeitsch. 
anorg. Chom. 1908, 58, 202; cf. ibid. 1903, 37, 
337). 

Arsenic. Arsenious solutions. Iodmetri¬ 
cally. The solution, containing sodium bicarbo¬ 
nate in excess, is titrated with N/10-iodine as 
described under the standardisation of iodine 
solution. The bicarbonate may with advantage 
be replaced by disodium hydrogen phosphate 
(J. Amer. Chem. Soc. 1908, 30, 31). 

Arsenic solutions, (a) By reduction with 
hydriodio acid as described under Antimony , and 
subsequent titration with iodine; no Rochelle 
salt is necessary (Amer. J. Sci. 1900, 10, 151). 
Reduction may also be effected by heating the 
sulphurio aoid solution with sulphurous aoid 
in a stoppered bottle for an hour, diluting and 
boiling down to half the volume to expel excess 
of sulphurous acid (Zeitsch. anal. Chem. 1883, 
22, 378; Chom. News, 1886, 63, 221). 

• (&) By precipitation. The neutral or acetic 
acid solution is precipitated with excess of silver 
nitrate, and the precipitated silver arsenate 
collected, washed, dissolved in nitrio aoid, and the 
silver titrated with N/10-thiooyanate. 3Ag«=»A*. 

(c) Iodimetrically (Zeitsch. anal. Chem. 1906, 
45, 596; compare Amer. J. Sci. 1900, 10, 161). 
(See also Zeitsch. anorg. Chem. 1909, 62, 123, 
for a method suitable for small quantities of 
arsenic.) 

Barium. Iodimetrically. Excess of potas¬ 
sium iodate is added to the faintly ammoniacal 



ANALYSIS. 


solution, the precipitated iodate washed with 
ammonia and then with alcohol, dissolved in 
hydrochloric acid and potassium iodide, and the 
iodine titrated with N/10-thiosulphato. 6I,=Ba 
(J. Amy. Chem. Soc. 1909, 31, 43). 

Bismuth, (a) Iodimetrically. Tho solution, 
as free as possible from mineral acids, is mixed 
with excess of N/2-potassium chromate, shaken 
for 10 minutes, diluted to a known volume, and 
the chromate in an aliquot part of the filtrate 
from the biamuthyl chromate Bi a 0 3 '2Cr0 s is 
titrated iodimetrically (Zcitsch. anorg. Chem. 
1902, 32, 302; Zeitsch. anal. Chem. 1907, 46, 
223). 

(b) As bismuth ammonium molybdate (J. Amor. 
Chem. Soo. 1903, 25, 907). 

Boron, (a) v. Acidimetry and Alkali¬ 
metry. 

(6) Iodimetrically. The reaction 
5KI+KI0 8 +6HB0 8 =3I 2 +3H 2 0+6KB0 a 
is quantitative in a solution saturated with 
mannitol (i>. Amer. J. Sci. 1899, 8, 127). 

Bromine v. Halogtns. 

Calcium. By oxidation. The oxalate, preci¬ 
pitated from a hot slightly aminoniacal solution 
(see Gravimetric methods), is washed with warm , 
water till free from ammonium oxalate, decom¬ 
posed with hot dilute sulphurio acid, and the 
oxalic acid titrated with N/ 10-permanganate. 
The precipitate may also be "dissolved iirdilute 
hydrochloric acid, 0 5 gram of manganeso sul¬ 
phate added, and the solution titrated with 
permanganate ,(v. Amer. Chem. J. 1905, 33, 500). 

Carbon. Carbon dioxide, v. Acidimetry 
and Alkalimetry, and Gas analysis. 

Cyanogen acids. Cyanates. The cold, dilute 
solution is exactly neutralised with iV/10-hydro- 
chlorio acid (using methyl orange or congo red 
as indicator), excess of acid is added, the solution 
boiled for ten minutes, cooled and titrated back 
N/10-sodium hydroxide. Excess of N /10-sodium 
hydroxide is then added, the solution boiled to 
expel ammonia, and titrated back with N/ 10- 
hydrochloric acid. From these data two values 
for the oyanate can be calculated, which serve 
to check one another (Chem. News, 1906, 93, 
5; compare Zeitsch. angew. Chem. 1901, 24, 
585 ; J. Soc. Chem. Ind. 1904, 23, 244). 
KCNO+2Ha+H a O = KCl+NH 4 a-f CO,. 

Cyanides, (a) By precipitation, (i.) Excess 
of N/ 10-silver nitrate is added to the neutral 
oyanide solution, and then a little nitric acid. 
The excess of silver is titrated with iV/10-thio- 
oyanate after filtering off the silver cyanido. 
(ii.) The slightly alkaline solution is titrated 
with N/l 0-silver nitrate with constant stirring 
till a permanent turbidity ft produced (Liebig, 
Annalen, 1851, 77, 102). This marks the end 
of tho reaction: 

2KCN+AgN0 3 =KN0,-fKAg(CN),. 

The end-point is best observed by adding 5-10 
drops of 20 p.o. potassium iodide as an indicator. 
A permanent yellow turbidity, due to silver 
iodide, is produced as soon as the above reaction 
is completed (Ann. Chim. Phys. 1896, (vii.) 6, 

See Ferrocyanides (b). 

RRIOYANIDES. (a) The salt is reduced to 
ferrocyanide by boiling with sodium hydroxide 
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and ferrous sulphate and the filtered solution 
strongly acidified with sulphurio acid and titrated 
with JV/10-permanganate (v. Ferrocyanides). 
Reduction may also bo effected by boiling with 
sodium peroxide (Arch. Pharm. 232, 226). 

(6) Iodimetrically. The neutral solution (50 
c.c.) is mixed with 3 grams of potassium iodide 
and 1 -5 grams of zinc sulphate, the mixture well 
shaken, and the iodine titrated with N/lO-thio* 
sulphate. 2K t ,Fe(CN) fl =I a (Zoit-sch. anorg. Chem. 
1910, 67, 418; compare ibid. 67, 322). 

Ferrocyanides. (a) By oxidation. The solu¬ 
tion is strongly acidified with sulphuric acid 
and titrated with N / J 0-permarfganate till the 
colour changes from yellowish-green to yellowish- 
red. If any difficulty is experienced* in deter¬ 
mining tho end-point, a drop of the solution 
may be mixed with dilute ferric chloride. A 
blue colour will develop whilst any ferrooyanide 
remains (de lfaen, Annalen, 1854, 90, 160; 
compare Zeitsch. anorg. Chem. 1910, 67, 418). 

An excess of permanganate may also be 
added,tho excess being determined iodimetrically. 
(For details, consult Zeitsch. anorg. Chem. 1910, 
67, 322.) 

( b ) By conversion into hydrocyanic acid. The 
ferrocyanide solution is boiled for five minutes 
with 10 c.c. of JV-sodium hydroxide and 15 o.o. 
of 3jV-magnesium chloride, 100 c.c. of boiling 
N/10-mercuric chloride are then added,.and the 
boiling continued for ten minutes. The mercuric 
cyanide produced is distilled for thirty minutes 
with 30 c.c. of 3AT-sulphuric acid, the prussic 
acid collected in 25 c.c. of iV-sodium hydroxide, 
a little potassium iodide added, and the cyanide 
titrated with iV/10-silver nitrate (Feld, Chem. 
Zentr. 1903, ii. 1398; Analyst, 1908, 33, 201 ; 
1910, 35, 295). 

Thiocyanates, (a) By precipitation. As in 
standardising ammonium thiocyanate solution; 
the thiocyanate must be added to the silfer 
nitrate, and not vice versd, since nitrio aoid 
decomposes thiocyanates. 

(6) By oxidation. The thiocyanate is ti¬ 
trated in concentrated hydrochloric acid solu¬ 
tion with potassium iodate, in a stoppered 
bottle, with vigorous shatyng. The end-point 
is reached when 5 c.c. of ohloroform previously 
introduced are no longer coloured by iodine 
(J. Amer. Chem. Soo. 1908, 30, 760); e.g. 
4CuCNS-f 7KI0 3 -f-14HCl 

= 4CuSO 4 -f 7KC1 -f- 7IQ -f 4HC1 -f 5H ,0. 
Oxidation in dilute sulphurio acid solution with 
permanganate is untrustworthy. 

Cerium, fa) Iodimetrically. Ceric oxide is 
warmed with concentrated hydrochloric acid 
and potassium iodide in a stoppered bottle till 
complete solution is effected. The liberated 
iodine is then titrated with N/10-thiosulphate 
(Bunsen, Annalen, 1858, 105, 49; also Amer. 
J. Sci. 1899, 8, 451). 

2CeO,+8HC1+2K1 = 2CeCl,+21LCl-f I a +4H,0 
(6) By oxidation. The washed oxalate is 
suspended in hot dilute sulphuric acid and 
titrated with NJ\ 0-permanganate (v. Calcium: 
Zeitsch. anal. Cnem. 1880, 19, 194; Amer. J. 
Sci. 1899, 8, 457). 

(c) By reduction. Tho cerium is oxidiaed with 
sodium bismuthate in boiling sulphurio acid 
solution to ceric sulphate and the filtered solu- 
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tion reduoed by a slight excess of ferrous 
sulphate, the excess being titrated with iV/10- 
permanganate. Other rare earth metals do not 
interfere * (J. Amer. Chem. Soc. 1909, 31, 523; 
1910, 32, 642; compare Compt. rend. 1899, 
128, 101; Ber. 1900, 33, 1924; Ber. 1903, 36, 
282). « 

(d) Other methods (Zeitsch. anorg. Chem. 
1907,54,104; 1908,59,71). 

Chlorine v. Halogens. 

Chromium. The chromium should be in the 
form of chromate. 

(a) lodimetncally. The chromate solution is 
acidified with hydrochloric acid (5 c.c. of concen¬ 
trated aoid per 100 c c. solution), 1 or 2 grams of 
potassium iodide added, and the covered solu¬ 
tion allowed to stand for 15 to 20 minutes. Jt 
is then diluted to 400-500 c.c. and the liberated 
iodine titrated with Nf 10'-thiosulphate. 3I a =2Cr. 
A known dichromate solution can in this way be 
used to standardise sodium thiosulphate (J. pr. 
Chem. 1868, 103, 362 ; Zeitsch. anorg. Chem. 
1899, 19, 427 ; 1906, 49, 277 ; Zeitsch. angew. 
Chem. 1900, 1147). 

(5) By reduction (i.) with ferrous ammonium 
sulphate, of which a slight excess is added to 
tho chromate solution containing sulphuric or 
hydrochloric acid, tho excess of ferrous salt being 
then titrated with N/10-dichromate; (ii.) with 
titanous chloride {v. Preparation of standard 
solutions ; J. Soc. Chem. Ind. 1908, 27, 673); 
(iii.) with ansemous oxide (Amer. J. Sci. 1896, 
1, 35). 

Chromium in chrome steel. Thrco grams of 
alloy are dissolved m 35 c.c. of concentrated 
hydrochloric acid, and tho excess evaporated; 
150 c.c. of strong nitric acid are added, the 
boiling continued till no more brown fumes are 
evolved, when alt chlorine has been expelled. 
The chromium 'is then oxidised by adding 
10 grams of potassium chlorate, and the solution 
boiled down to 40 c.c. to decompose-excess of 
chlorate; 100 c.c. of water are added, and one 
or two drops of hydrochloric acid, to dissolve 
separated manganese dioxide. The chromate 
solution is boiled to expel chlorine, cooled and 
titrated according to method (5) (i.) above. (For 
other methods, see J. Amer. Chem. Soc. 1905, 
27, 1550; 1908, 30, 1116; J. Soo. Chem. Ind. 
1907, 26, 1010; Chem. News, 1904, 90, 320; 
91, 3; also Manganese and Vanadium (v. 
infra).) 

Chromium in chromite. The valuation of 
this, the only important ore of chromium, is 
Usually effected by a volumetric method; the 
finely powdered ore is fused with sodium per¬ 
oxide in a nickel oruoible, and the chromate in 
the aqueous extract estimated as described 
above, after hoiling for ten minutes to decompose 
excess of peroxide ( v . J. Soc. Chem. Ind. 1896, 
15, 155, 436; Chem. Zeit. 1897, 21, 3; BuU. 
Soo. Chim. 1909, 5, 1133; Chem. News, 1896, 
73, 1). 

Cobalt, (o) IodimetricaUy. The solution is 
mixed with hydrogen peroxide, and then with 
sodium hydroxide, when the oobalt is preci¬ 
pitated as sesquioxide Co 2 O s , whilst nickel is 
amply precipitated as .green hydroxide. After 
boiling io$ a minute, the black ppt s is dissolved in 
hydrochloric acid and potassium iodide, and the 
iodine titrated with iv/10-thiosulphate (Chem. 
News, 1900, 82, 66, 73 ; 1903, §8, 184). 


(b) By precipitation with ferrocyanide, as 
described under Nickel (6). 

Columbium. By reduction and subsequent 
oxidation (v. Zeitsch. anorg. Chem. 1909, 62, 
383). _ 

Copper, (a) IodimetricaUy. The solution of 
cupric salt preferably neutral or containing 
acetic acid, is diluted to 100 c.c., 6 grams oi 
potassium iodide are added, and the liberated 
iodine titrated with Af/10-thiosulphate, using 
starch paste as indicator. If more than 25 o.c. 

| of thiosulphate are required, 2-3 grams more 
: potassium iodido should be added (Amer. J. Sci. 
1907, 24, 65; compare J. Amer. Chem. Soc. 
1902, 24, 1082; 1905, 27, 1224; see also 
i Methods of separation). 

] 2CuS0 4 +4Kl = 2K.S0 4 +I a +Cu a I a . 

(h) By titration with potassium cyanide 
I {Steinbeck's process). The ammoniacal copper 
j solution is titrated with potassium cyanide 
until colourless (v. Chem. News, 1897, 76, 189; 
Methods of separation; and the article Corpse). 

(c) By precipitation as thiocyanate and esti¬ 
mation of the precipitate by potassium iodate 
in hydrochloric acid solution (v. Thiocyanates ; 

i and J. Amer. Chem. Soc. 1908, 30, 760). 

I (d) By oxidation. The oxalate is precipi- 
j tated in a nitric acid solution by adding excess 
of ammonium oxalato, washed and titrated 
with N/10-permangpnato (Amor. J. Sci. 1909, 27, 

| 448). 

(e) By reduction to cuprous salt. To tho 
sulphuric or hydrochloric acid solution, 10-20c.c. 
of 10 p.c. potassium thiocyanate and a little 
ferrous salt are added, when a deep red coloura¬ 
tion is producod, since ferrous salts in acid 
solution are partly oxidised by cupric salts. 
The cold solution is. titrated with titanous 
chloride until the red colouration is destroyed 
(Chem. Soc. Trans. 1906, 89, 1491). Or a slight 
excess of titanous chloride may be added, and 
titrated back with standard ferrio alum. 

Fluorine. Acidimetrically. The fluoride is 
mixed with ten times its weight of finely 
powdered and ignited quartz, and decomposed 
by warming with concentrated Bulphuric acid ; 
the silicon fluoride evolved passes through a 
dry U-tubo filled with glass beads and immersed 
in cold water, in order to remove sulphurio aoid, 
and is then absorbed in 50 p.c. alconolio potas¬ 
sium chloride, which precipitates silioio acid 
and potassium silicofluorido, leaving hydro¬ 
chloric acid in the solution :— 

3SiF 4 +2H 2 0 « 2H 2 SiF a +SiO a 
H 2 SiF a +2KCl = K 2 SiF fl -f-2HCL 

The hydroohlorio acid is titrated with N/ 5- 
sodium hydroxide, using laomoid as indicator. 
2HC1 = 3F 2 . (For “full experimental details, 
w'hich are absolutely essential in order to obtain 
accurate results, consult Chem. News, 1879, 39, 
179 ; Amer. J. Sci. 1906, 22, 329; or Low’s 
Technical Methods of Ore Analysis.) 

Gold. IodimetricaUy. The auric solution is 
treated with potassium iodide in more than 
sufficient quantity to dissolve the aurous iodide 
first precipitated, and the iodine liberated fs 
estimated with standard thiosuh>hate (A wet, 
J. Sci. 1899, 8, 261 ; compare Zeitsch. anorg. 
Chem. 1899, 19, 63). 

Halogens. This term is restricted in this 
connection to chlorine, bromine, and iodiofe. 
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fluorine bifag treated separately, since its 



analytical reactions are quite different. 

Estimation of halogens. Iodine is esti¬ 
mated by solution in potassium iodide and titra¬ 
tion with N/10-thiosulphate, using starch paste 
as indicator {v. Preparation of standard solutions, 
Bromine and Chlorine are absorbed in potassium 
iodido solution, sotting iroc an equivalent 
quantity of iodine, which is titrated with iV/10- 
tbiosulphate. 

A large number of substances, e.g. peroxides, 
chlorates, chromates, &c., may bo readily deter¬ 
mined indirectly by distillation with concen¬ 
trated hydrochloric acid, t^ie available^oxygen 
of the compound setting free its equivalent of 
chlorine, which is absorbed in potassium iodide, 



and the liberated iodine titrated with N/ 10-thio¬ 
sulphate. It is very desirable to exclude air 
in the process of distillation, since it liberates 
iodine from the hydrogen iodide set free in the 
receiver, by the hydrogen chloride distilling 
over during the experiment. The apparatus 
devised by Bunsen, the originator of this 
i&alytical method, is shown in Fig. 13, b. The 


small flask (50 o.o.' and the delivery tube are 
ground at their junction to fit, and the joint 
made with oaoutchouo tubing; a ground-glass 
joint is better, a spring holding the two parts 
tightly together. The mixture is rapidly boiled, 
the chlorine passing into potassium iodide con¬ 
tained in the retort, the size of |vhich must be 
suitably chosen to prevent overflowing. A 
different receiving vessel is shown in Fig. 13, o. 
It is very convenient to perform such dis¬ 
tillations in a curront of carbon dioxide or 
other inert gas, and various designs of apparatus 
for such a purpose are givon in Amcr. J. Sci. 
1898, 6, 108; Chem. News* 1899, 79, 85; 
Chem. Soc. Trans. 1892, 61, 87 ; Zeitsoh. angew. 
Chem. 1890, 477. 

The apparatus shown in Fig. 14 (Analyst, 
1908,33,117) admits of the gradual introduction 
of a liquid reagent during distillation in carbon 
dioxide, steam, or any other gas or vapour. 
Contamination of the reagents with oork or 
indiarubber derived from stoppers, &o., is avoided 
by fitting the condenser and the dropping 
funnel to the distilling flask by ground-glass 
joints. 

Estimation of .halogens in halide salts. 
By precipitation, (i.) Mohr's method. The neu¬ 
tral solution is titrated with N/lO-silver nitrate 
in the presoneo of a few drops of potassium 
chromate as indicator (v. Preparation of standard 
solutions. It is advisable to perform a blank 
experiment under identical conditions, to allow 
for the silver nitrate necessary to bring 
out the reddish colouration, (ii.) Volhard'a 
method. The nitric acid solution of the halide 
is precipitated by adding a slight excess of N/10- 
silvcr nitrate, the excess being then titrated with 
N/10-amrnonmm thiocyanate. Silver chloride 
must be filtered off before the latter titration is 
performed, since it reacts with the thiocyanate 
(J. Amer. Chem. Soo. 1907, 29, 269; oompare 
Zeitsch. -anorg. Chem. 1909, 63, 330); but 
silver bromide and iodide do not interfere. It 
is advisablo to titrate iodide in a stoppered 
bottle with vigorous shaking when adding both 
the silver solution and the thiooyanate, to 
minimise error due to ^elusion. It is more 
accurate to weigh out a very slight excess of 
pure silver, dissolve it in nitrio acid (carefully 
expelling nitrous acid, which interferes with 
the indicator), and add to the halide solution 
than to mcasuro out N/\ 0-silver nitrate. After 
vigorous shaking, the excess of silver is then 
titrated with a dilute thiooyanate solution 
(1 c.c. — 1 milligram Ag). 

Iodides. lodimelricdlly. (i.) A slight excess 
of potassium iodato is added, and the solution 
acidified with dilute sulphurio acid. The 
liberated iodine is extracted with chloroform, 
carbon disulphide or toluene, and titrated with 
N /lO-thiosulphato. A weaker acid than sul- 
phurio acid may bo employed, e.g. aoetio or 
tartaric acid. Five-sixths of the iodine found 
was originally present as iodide (Chem. Zeit. 1904, 
28, 1191; Amer. J. Sci. 1897, 3, 293 ; J. pharm. 
Chim. 1902, 16, 207; J. Amer. Chem. Soo. 
1903, 25, 1138). This method is available in 
the presence of bromide and chloride, if aoetio 
acid be employed, (ii.) The solution contain¬ 
ing the iodide, 2 grams of pure potassium arsenate, 
and 10 c.o. of concentrated sulphuric acid, is 
boiled down frqm a volume of 100 c.o. to 
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35-40 o.o., when all the iodine is expelled. The 
arsenious salt in solution is then titrated with 
N/ 10-iodine (Amer. J. Sci. 1890, 39, 188). As 
■=>1,. In the presence of chloride the results 
are a little low; bromide causes them to be 
slightly high, fiii.) ( v. Chem. Soc. Trans. 1885, 
47, 471.) 

Esm^AXIONB OF HALOGENS IN OXYHALOGEN 

compounds, (a) By reduction to a halide salt 
and determination of the latter. Iodates are 
reduced by .adding sulphurous acid to tho 
Bulphurio' acid solution of the iodate till the 
separated iodine «is redissolved; an excess of 
JVyiO-silver nitrate is added to precipitate the 
iodide, the mixture boiled with excess of 
nitric acid, and finally the excess of silvei 
titrated with N /10-thiocyanate. Bromates and 
chlorates are reduced by adding an excess of 
iron filings to tho sulphuric acid solution ; after 
an hour, excess of iV/10-silvor nitrato is added, 
the mixture boiled with nitric acid to oxidise the 
ferrous salt, and tho excess of silver titrated 
(Amer. Chem. J. 1904, 32, 242). 

(b) By reduction to a halide salt and estima¬ 
tion of the reducing agent used up in the prooess. 
With chlorates and bromates, the sulphuric acid 
solution is boiled for ten minutes with excess of 
standard ferrous sulphate in an atmosphere of 
carbon dioxide, the solution cooled, manganese 
sulphate added and the unchanged ferrous salt 
titrated with N /10-KMnG 4 . GFe = C10 s or BrO„ 
(Zeitsch. anorg. Chem. 1904, 38, 110). Bromates 
may also be reduced with arsenious oxide (Amor. 
J. Soi. 1902, 14, 285). Chlorates arc reduced by 
adding an excess of N/lO-titanous sulphate, and 
after three minutes, titrating back with ferrio 
alum (J. Soc. Chem. Ind. 1908, 27, 434). 

(c) lodimctricalli'. Chlorates, (i.) By dis¬ 
tillation with concentrated hydrochlorio acid. 
C10 a <e= 31, ( Bunsen's method; v. Estimation 
of halogens ; Chem. Soc. Trans. 1892, 61, 87). 
(ii.) By reduction with concentrated hydro¬ 
chloric acid and potassium bromido (Chem. Zeit. 
1901, 25, 727), or with potassium iodide and 
dilute sulphuric acid in presence of vanadyl 
sulphate (Zeitsoh. anal.' Chem. 1907, 4G, 521). 
(For other methods, see Amer. J. Sci. 1891, 42, 
220; J. Amer. Chem. Soc. 1903, 25, 756; 
Zeitsch. anal. Chem. 1907, 46, 308.) 

j Hypochlorites. A slightexcess of i^/10-sodium 
arsemte is added and the excess titrated with 
N/104odine, or the hypochlorite is directly ti¬ 
trated with the arsenite till a drop of the solution 
ceases to colour starch-potassium iodide paper 
blue. A® “ CIO {Penot's method ; compare 
Chem. Zeit. 1904, 28, 59). 

Perchlorates. The concentrated solution is 
Boiled with a, large excess of titanous sulphate, 
the excess oxidised with permanganate, and the 
chloride produced is titrated as usual (Zeitsch. 
anorg. Chem. 1909, 62, 108; Chem. Zeit. 1909, 
83.759V 

Bromates. The substanoe is digested at 100* 
with potassium iodide and conocntrated hydro¬ 
chlorio aoid in a stoppered bottle, and the 
liberated iodine titrated with thiosulphate. 
BrO. *=» 31. (oompare Zej^sch. anorg. Chem. 1899, 
1®, 427). , 

Iodates. These are simply added to a slight 
excess pf potassium iodide solution, acidified 
with sulphuric or hydrochlorio acid, and the 
liberated iodine titrated. 10, « 31,. 


Estimations involving Mixtures of the 
Foregoing Halide Salts. 

Chloride, Hypochlorite and Chlorate. The 
solution is titrated with N/10-sodium arsenite 
by Penot’s method for the hypochlorite ; the 
chlorate is then estimated in the solution, aftei 
acidifying with sulphuric acid, by reduction with 
standard ferrous sulphate, and the total chlorine 
then titrated by Volnard’s method (Compt. rend. 
1896, 122, 449; cf. J. Amor. Chem. Soo. 1909, 
31, 525, 1273). 

Chloride, Chlorate and Perchlorate. Chloride 
is titrated in one portion of the solution by 
Volhard’s method, and in another portion after 
reducing the ohlorato with ferrous sulphate. 
For perchlorate the dry substance, mixed with 
five times its weight of pure quartz sand and 
covered with a layer of the same 2 cm. deep, 
is fused in a platinum crucible for half an hour, 
cooled, extracted with water, and the total 
ohloride estimated (Compt. rend. 1896, 122, 
452). 

Chloride and Iodide. The total halogen is 
titrated by a suitable method in one portion of 
solution, and the chlorine in another portion 
after removing iodine by one of the following 
mothods (Amer. J. Soi. 1890, 39, 293). (i.) Tc 
the neutral solution (400 c.c.) is addod 10 c.c. 
sulphuriq acid (1:1V 2 grams ferric sulphate, 
and 3 c.c. nitric acid, and the whole boiled till 
all iodine is expelled ; 1 c.c. nitric acid is again 
added, and the solution again boiled, (ii.) The 
ferric sulphate and nitric acid of method (i.) are 
replaced By 2 grams of pure sodium nitrite (or, 
failing this, by passing into the solution the 
vapours generated from tho slightly impure 
nitrite and dilute sulphuric acid). 

Bromide and Iodide (v. supra, Iodides). 

Bromide and Chloride. The solution is acidi¬ 
fied so as to contain 25 c.c. of concentrated nitrio 
acid in a total volume of 100 c.c., heated to 
boiling and boiled for one minute, the source 
of heat removed and air suoked through the 
solution until it is perfcotly colourless (and for 
one minute longer). The bromine is then com¬ 
pletely expelled ; the residual chloride is titrated 
by Volhard’s mothod. The total halogens are 
titrated in another portion of solution (J. Soc. 
Chem. Ind. 1909, 28, 605). 

(For a very accurate but more elaborate 
method, v. J. Amor. Chem. Soc. 1907, 29, 275; 
also Zeitsch. anorg. Chem. 1895,10,387 ; ZeitBch. 
anal. Chem. 1900, 39, 81.) 

Chloride, Bromide, and Iodide, (a) The iodide 
is decomposed with potassium iodate and acetic 
acid, the iodide extracted with chloroform and 
titrated. The bromida is destroyed by boiling 
with 5A-nitric acid, anv iodate remaining is 
decomposed with a slight excess of potassium 
iodide, which excess is readily decomposed bv 
boiling with nitric acid, and the residual chloride 
titrated. Tho total halogens are titrated in 
another portion of solution (J. Amer. Chem. 
Soc. 1903, 25, 1138). 

(b) The iodide is destroyed by boiling with 
ferrio sulphate and sulphuric acid, and the 
amount of ferric Balt reduced is determined with 
N/10-diohromate. The total halogens, are deter¬ 
mined by Volhard’s method, and, in another 
portion of solution, the iodide is removed by 
adding hydrogen peroxide and aoetic aoid and 
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distilling in steam, the bromine separated as 
described under Bromide and Chloride and the 
residual chloride titrated (J. Soc. Cliem. Ind. 
1909, 28, 605). 

Iron, Ferrous salts. By oxidation, (a) 
The cold solution is strongly acidified with dilute 
sulphuric aoid and titrated with N/iO-perman- 
ganate. This simple and aocurate method 
requires modification when hydrochloric acid is 
present, since it reacts with permanganate. 
This side-reaotion can be practically prevented 
by adding a moderate quantity of manganese 
sulphate to the solution and titrating very 
slowly. A solution is prepared as follows: 
67 grams of crystalline manganese sulphate are 
dissolved in water, 138 c.o. of phosphorio acid 
(sp.gr. 1*7), and 130 c.o. concentrated sulphuric 
acia (sp.gr. 1-82) are added, and the mixture 
diluted to 1 litre. Of this solution, 25 c.c. are 
added to the ferrous solution to be titrated. 
The phosphorio acid keeps the ferric solution 
colourless, and thus facilitates the observation 
of the end-point (Zeitsch. anal. Chem. 1863, 1, 
329; Chem. Zeit. 1889, 13, 323; Amer. Chem. 
J. 1905, 34, 109; Analyst, 1908, 33, 43, and 
1909, 34, 306). 

(6) The acid solution is oxidised by N/ 10- 
dichromato as described under Preparation of 
standard solutions. 

Ferric salts, (a) Bf reduction to ferrous 
salt and titration with permanganate or di¬ 
chromate. Reduction may be effected in any 
of the following ways: (i.) The sulphurio acid 
solution is hoated to boiling and hydrogen 
sulphide passed through it until the solution 
is completely colourless ; the excess of hydrogen 
sulphide is expelled from the boiling solution 
by a current of carbon dioxide, (ii.) Tho noarly 
neutral solution is boiled with sulphurous 
acid or ammonium sulphite, excess being re¬ 
moved by continued boiling, preferably in a 
current of carbon dioxide, (iii.) Eight or ten 
grams of granulated zino are added to the 
warm sulpnurio aoid solution, and the action 
allowed to continue until a drop of the solution 
no longer gives a colouration with potassium 
thiooyanate. The solution is cooled, filtered 
through glass wool, and titrated. The use of 
the zinc-copper couple is preferable (Analyst, 
1901, 26, 225; compare Chem. News, 1908, 97, 
50). Reduction may be rapidly effected by 
pouring the liquid through a long column of 
zinc (The Jones’ Reductor (Fig. 16); Chem. 
News, 1889, 60,93 ; Blair’s Chemical Analysis of 
Iron, 6th ed. 94). (iv.) The hydrochloric acid 
solution is heated nearly to boiling, and stannous 
chloride (25 p.o. solution) addecl drop by drop 
until the solution is colourless; 10 c.c. of 

saturated mercuric chloride are added to destroy 
excess of stannous chloride, the solution diluted, 
manganese sulphate added ( v . supra), airo the 
ferrous salt titrated with Nj 10- permanganate 
[best alter the addition of about 5 c.c. of water- 
lass solution of sp.gr. 1 *17] (Analyst, 1909, 34, 
06). (v.) Reduction by palladium-hydrogen in 
boiling acid solution ; this introduces no foreign 
substance into the solution (Zeitsch. angew. 
Chem. 1902, 15, 398, 424 ; Analyst, 1904, 29, 
346). (vi.) Reduction with titanous sulphate 
(Amer. J. Sci. 1908, 25, 343). 

(b) By direct titration with a reducing agent. 
(i.) Titanous chloride.* The sulphuric or hydro¬ 


chloric acid solution of the ferric salt is titrated 
as described under Preparation of standard 
solutions, (ii.) Stannous chloride. The nearly 
boiling hydrochloric solution is titrated as de¬ 



scribed under Preparation of tlandard solutions, 
using either the mercuric chloride indicator 
(Amer. Chem. J. 1893,15, 360) or titrating back 
with iodine. 

Ferrous iron in miner^j s and rooks. The 
only satisfactory method consists in decom¬ 
posing the coarsely powdered substance with 
sulphuric and hydrofluorio acids in an atmo¬ 
sphere of carbon dioxide, and titrating the 
ferrous salt produced ( Cooke's Method ; Amer. 
J. Sci. 1867, 44, 347 ; see also Amer. J. Sci. 
1894, 48, 149). The old method of heating with 
dilute sulphurio acid in*a sealed tube (Mitscher- 
lich) is worthless in the presence of sulphur or 
sulphides (J. Amer. Chem. Soc. 1900, 22, 625). 
(For an exhaustive discussion of this problem, 
v. Hillebrand’s Analysis of Silicate and Carbonate 
Rocks.) 

Iron and Aluminium. After weighing the 
ignited sesquioxides, they are brought into solu¬ 
tion by fusion with potassium hydrogen sulphate 
or acid potassium fluoride (followed by evapora¬ 
tion with sulphuric acid), and the iron reduced 
and titrated (Zeitsch. angew. Chem. 1906, 18. 
816). 

Iron and Titanium. Ferric salts can be 
reduced with sulphurous acid or hydrogen 
sulphide without reducing titanic salts; or 
reduction of both may be effeoted with zino and 
sulphurio acid, the titanous salt oxidised with 
a alight excess of bismuth oxide, and the ferrous 
salt titrated in the filtered solution. To estimate 
both elements present, one of the preceding 
methods may be combined with the reduction 
process for^ titanium, described liter, which 
would give the total iron and titanium ( v. also 
J. Soc. Chem. Ind. 1909, 28, 189; Analyst, 
1910, 36, 198). t 
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Iron and Vanadium. Reduction with sul¬ 
phur dioxide proceeds with the vanadium as 
far as to the oxide V a 0 4 ; reduction with zinc 
carries it as far as V,0 2 hence two Buch 
reductions and titrations with permanganate 
furnish data for calculating both iron and 
vanadium (Amir. J. Sci. 1908, 26, 79). 

Lead. By precipitation (i.) As molybdate. 
The boiling acetio acid solution is titrated with 
standard ammonium molybdate (4'75 grams per 
litre, titrated against puro lead) until a drop 
of solution gives a brown or yellow colour with 
a drop of dilute tannic acid solution. Tho 
indicator not being very sensitive, a 4 blank * 
experiment should be made and the necessary 
correction allowed for both in an assay and in 
standardising the solution, (li.) As ferrocyanide. 
The cold acetic acid solution is titrated with 
potassium ferrooyanido (10 grams per litre 
titrated against pure lead) until a drop of the 
solution produces a brown colouration with a 
drop of saturated uranium acetate solution ; 
a * blank * experiment should also bo made 
(J. Amer. Chera. Soc. 15, 550; Chem. News, 
1890, 73, 18). In determining lead m ores, &c., 
it is usually separated a8 sulphate and dissolved 
in ammonium acetate previous to titration. 
(For a comprehensive review of methods for lead, 
v. Chem. News, 1903, 87, 40; (Jaz. ckim. ital. 
1896, 26, i. 327 ; see also Methods of separation ; 
and J. Amer. Chem. Soc. 1903, 26, 632; 1901, 
26, 1135.) 

Magnesium, (a) Acidimdiically. Tho mag¬ 
nesium is precipitated as the double ammonium 
phosphate, the precipitate washed with dilute 
ammonia, and then with aqueous alcohol till free 
from extraneous ammonia, dissolved m a 
measured exocss of JV/10-hydrochlonc acid, and 
tho excess titrated with A/l0-sodium hydroxide, 
using methyl orange for indicator: 
Mg(NH 4 )P0 4 +2HCl = MgU a +H 2 (NH 4 )P0 4 

(Chem. Zentr. 1876, 727; for a method which 
obviates the use of alcohol, v. J. Amer. Chem. 
Soc. 1900, 22, 31 ; see also Phosphorus). 

(6) lodimelrically. The magnesium is pre¬ 
cipitated as double ammonium arsenate, dis¬ 
solved in hydroohloric acid and potassium iodide, 
and the iodine titrated (J. Amer. Chem. Soc. 
1899, 21, 746; Zeitsch. anal. Chem. 1907, 46, 
714). 

Manganese, (a) By oxidation with perman¬ 
ganate. {Volhard’smethod, modified.) The neutral 
chloride or sulphate solution containing 10 grams 
of zinc sulphate is heated to boiling, 1 gram of 
freshly ignited zinc oxide added, and the liquid 
titrated with N/10-permanganate, boiling and 
Bhaking frequently until the supernatant liquid 
is red; 1 c.c. pure glacial acetic acid is added, 
and the titration slowly finished with perman¬ 
ganate in the hot but not boiling liquid. The 
manganese can be accurately calculated from 
the equation: 

SMnO+Mn^O, *= 5MnO t 
(Zeitscb. anal. Chem. 1909, 48, 761; Little and 
Cahen, Analyst, 1911, 36, 52). 

(6) By precipitation qs dioxide and estimation 
of the available oxygen. Precipitation may be 
effected in one of the following ways : (i.) By 
adding ,bleaching-powder solution and calcium 
oarboaate to a hot neutral solution of the 
manganese salt containing fcrrio and zino 


oblorides (Chem. Soo. Trans. 1879, 35, 365;' 
J. Soc. Chem. Ind. 1891, 10, 333). (ii.) By 
boiling the solution in concentrated nitric acid 
(quite free from any hydrochloric aoid) with 
potassium (or preferably sodium) chlorate, 
(iii.) By boiling the dilute sulphuric aoid solu¬ 
tion with ammonium persulphate (Zeitsch. 
angew. Chem. 1901, 14, 1149; 1903, 16, 905; 
Compt. rend. 1902, 135, 965; 1903, 136, 449). 
JLTio washed precipitate in either case is dis¬ 
solved in a sulphuric acid solution of standard 
ferrous sulphate or oxalic acid, and the excess 
of reagent titrated. The precipitate obtained 
by method (ii.) is deficient in available oxygen 
(Amer. J. Sci. 1898, 5, 260), and the standard 
solution employed in tho final titration must 
therefore be standardised on a known amount 
of manganese treated in a similar fashion. 

(c) By conversion into permanganic acid. 
(i.) The cold solution free from hydrochloric 
acid, and containing one quarter its volume of 
nitric acid (specific gravity 1-42), is oxidised by 
shaking with 2-4 grams of sodium bismuthate 
for three minutes, diluted with half its volume 
of 3 p.c. nitric acid, the solid residue allowed 
to settle, and the permanganic acid solution 
filtered into a slight excess of ferrous sulphate ; 
excess of the latter is then titrated with N/ 10- 
permanganate (Dingl. poly. 0 . 269, 224; Chem. 
Soc. Tra is. 1895, 67«, 268; Chem. News, 1901, 
84, 209, 247; J. Amer. Chem. Soc. 1904, 26, 
793). (ii.) The oxidation of Bmall quantities of 
manganese may be effected by boiling the nitric 
acid solution with lead peroxido, or by heating 
with ammonium persulphate in the presence of 
a little silver nitrate (Chem. News, 1901, 84, 
239). 

Manganese in Ferromanganese and Steels. The 
foregoing methods a, b, and c (i.) have all been 
employed for this purpose; method c (i.) is the 
simplest and probably the most accurate. In 
method a it is necessary to remove iron from 
the solution ; this is conveniently performed by 
adding a slight excess of zinc oxide to the 
solution (v. references given above ; also J. Amer. 
Chem. Soc. 1902, 24,243 ; Ann. Chim. anal. 1906, 
11, 124). 

Manganese and Chromium occurring together 
in steels may be estimated by oxidising with 
ammonium persulphate in sulphuric acid solu¬ 
tion in the presence of silver nitrate; one 
portion of solution is titrated for total perman¬ 
ganate and chromate with ferrous sulphate, and 
another for permanganate nlone by means of 
arsenious oxide (J. Amer. Chem. Soc. 1905, 27, 
1550; v. also Chem. News, 1901,83,25; 1905, 
91, 3; Chem. Zeit. 1905, 29, 987; Chem. Zeit. 
Rep. 1905, 29, 380). * 

The foregoing bismuthate method c (i.) may 
be applied in the presenoe of molybdenum, tuna - 
sten, 'titanium, and vanadium ; also, with certain 
precautions, in the presence of chromium (Chem. 
Nows, 1901, 84, 247). (For estimating mangaruss 
in tungsten steels, v. also J. Soc. Chem. Ind. 1907, 
26, 345.) 

Mercury, (a) By precipitation. Mercurio ni¬ 
trate is readily titrated with N/lO-thiocyanate, 
using ferrio nitrate as indicator, provided that 
nitric acid is present in fairly high concen¬ 
tration (Ber. 1901, 34, 3502; 1902, 35, 2015). 
Chloride must be absent; if neoessary, the 
mercury is precipitated as oxide with sodium 
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hydroxide, and the washed precipitate dissolved 
in nitric acid. 

(6) Iodimetrically. The mercuric solution 
(25-50 o.o.) containing 1 gram of potassium 
iodide is made alkaline with sodium hydroxide, 
2-3 o.o. of 40 p.c. formaldehyde added, and the 
whole shaken vigorously for two minutes. The 
solution is acidified with acetic acid, and the 
reduced mercury is dissolved by adding an 
excess of JV/10-iodine. After shaking, the excess 
of iodine above that required to form mercuric 
iodide is titrated with N/10-thiosulphate (Ber. 
1906, 39, 3702; 1907, 40, 3276; Bull. Soc. 
ohim. 1907, [iv.] 1, 1169). Mercurous salts 
require a preliminary oxidation. 

(For other methods, v. Compt. rend. 1863, 
66, 63 ; Chem. Soc. Trans. 1892, 61, 364; 
Arch. Pharm. 241, 444.) 

Molybdenum, (a) By reduction and subse¬ 
quent oxidation. The sulphuric acid solution 
is reduced by passing it through a long column 
of amalgamated zinc to a condition represented 
by the formula Mo 2 0 3 ; the liquid is caught 
directly in ferrio sulphate solution, which re¬ 
oxidises the molybdenum salt, and the ferrous 
sulphate produced is titrated w ith jV/10-pcrman- 
ganate (Amer. J. Sci. 1907, 21, 313; compare 
Ber. 1905, 38, 604; Analyst, 1907, 32, 250). 

(6) Iodimetrically. The solution in concen¬ 
trated hydrochlorio acid is foiled with % slight 
excess of potassium iodide till the volume is 
reduced to 2G c.c., when complete reduction to 
the condition Mo 2 0 6 is effected. The solution 
is cooled, diluted to 125 c.c., 0*5 gram of man¬ 
ganese sulphate added, and then a slight excess 
of N/] 0-permanganate ; N/10-arsenious acid 
is next added, and after the addition of tartaric 
acid and sodium bicarbonate, the excess is 
titrated with N/10-iodine. Tho permanganate 
plus iodine and minus the arsenious acid measuro 
the Mo 2 0 6 present (Amer. J. Sci. 1901, 12, 449 ; 
compare ibid. 1896, 2, 166; 1898, 6, 168). 

Molybdenum in Steels and Alloys (v. J. Amer. 
Chem. Soc. 1904, 26, 675). 

Niokel. (a) By double cyanide formation. A 
few drops of 10 p.c. potassium iodide are added 
to the cold, slightly ammoniacal nickel solution, 
and then a small measured volume of silver 
nitrate (3 grams of silver per litre). Standard 
potassium cyanide (25 grams per litre) is then 
run in with stirring till the precipitate of silver 
iodide just disappears; more silver nitrate is 
added till a very faint turbidity is produced, 
which is then dissolved by the least possible 
excess of cyanide. The relative values of the 
silver nitrate and cyanide solutions are deter¬ 
mined by a preliminary experiment, and the 
cyanide standardised against a known amount 
of pure nickel (or pure silver, and calculated to 
nickel). The method is rapid and accurate 
(Chem. News, 1895, 72, 92). 

(b) By precipitation. The hot niokel solu¬ 
tion containing ferric chloride and citric aoid 
is made feebly ammoniacal and titrated slowly, 
stirring constantly, with standard potassium 
ferrooyanide (20 grams per litre, titrated against 
pure nickel), unth a drop of the solution when 
acidified with pilule acetic aoid develops a green 
colour in five minutes (J. Amer. Chem. Soc. 1910, 
32, 757 ; Bull. Boo. chim. 1907, 4, 1163). 

Nickel in Steel. Mqjihod (6) can be direotly 
applied; method (a) can also be employed with¬ 


out removing iron, molybdenum, or chromium, 
if a sufficient excess of ammonium citrate or 
sodium pyrophosphate is added to the solution ; 
or a modorate amount (2-3 grams) of eaoh 
of these reagents may be added (J. Amer. 
Chem. Soo. 1907,29, 1201 ; 1908, ^p, 1110: 1899, 
21, 854; Chem. Zeit. 1908, 32, 1223). (For 
modifications in presence of other metals, 
t\ Chem. News, 1898, 78, 177, 190.) 

Nitrogen. Ammonia (v. Acidimetry and 
Alkalimetry). 

Hydrazine. Iodimetrically. A moderate 
excess of sodium bicarbonate or Sodium acetate is 
added to the solution of a hydrazine salt, whioh 
is then titrated with N/10-iodine. N 2 H 4 —21 
(J. pr. Chem. 1902, 6G, 332; 1903, 07, 140; 
v. also Cazz. chim. ital. 1899, 29, 265). 

Hydroxylamine. (a7 By oxidation. The 
solution of a hydroxylamine salt is slowly added 
(o excess of boiling and well-stirred Barreswil's 
(Fehling’s) solution, tho precipitated cuprous 
oxide washed, dissolved in acid ferric alum, 
and the ferrous salt titrated with permanganate. * 
NH 2 OH = Cu 2 ((them. Soc. Trans. 1903, 83, 
1394; compare Ber. 1877, 10, 1940). 

(6) By reduction. An excess of titanium 
sesquisulpliate is added to the acid solution, 
and the ammonium salt produced is estimated 
by distillation with sodium hydroxide (Ber. 
1909, 42, 2695). 

Nitrates, (a) By reduction. The solution 
is made strongly alkahne with sodium hydroxide, 

5 o.c. of alcohol and 2-5-3 grams of powdered 
Devarda’s alloy added, and the flask connected 
with a distilling apparatus, tho receiver of which 
contains excoss of iV/2-liydrochlorio acid. After 
standing for half an hour, the liquid is steam* 
distilled' for an equal length # of time, when all 
the nitrate has been converted into ammonia 
and driven over into tho acid ; tho exoess of«the 
latter is then titrated (Zeitsoh. anal. Chem. 
1894, 33, 113; Analyst, 1910, 35, 307; u. also 
the Gravimetric section). 

(6) Iodimetrically (v. Zeitseh. angew. Chem. 
1890, 3, 477; Chom. Soc. Trans. 1891, 59, 
530; Amer. J. Sci. 1892, 44, 117). 

Nitrites, (a) Byoxiaation. Tho nitrite solu¬ 
tion is slowly added to a measured quantity of 
JV/10-pernmnganate, which is acidified with sul¬ 
phuric acid, diluted to 400 o.c., and warmed to 
40°, until the colour is just discharged. 
2HNO a * O a . Otherwise, the cold dilute nitrite 
solution is slowly titrated with N/10-permanga- 
nate to a red colouration; a few drops of sul¬ 
phuric acid are then added, followed by an excess 
of permanganate. The liquid is then strongly 
acidified with sulphuric acid, heated nearly to 
boiling, and the excess of permanganate titrated 
with N/ 10-oxalio acid (Amer. Chem. J. 1883, 5,' 
388). • 

(6) Iodimetrically. Several methods haw 
been based on the reaction. 

2HI+2HNO, - I a +2NO-f 2H.O. 

It is necessary to perform the experiment in an 
atmosphere free from oxygen; the iodine may 
be determined by thiosulphate or arsenite. (For 
details, v. Pharm. J. 1J), 741; Chem. News, 
1904, 90, 114^ cf. Organic analysis, ^Aromatio 
amines.) 

Colorimetrically. Nitrous acid may be esti¬ 
mated by the formation of a yellow colour due 
to the production of paranifcrosodimethylaniline, 
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by adding a solution of dimethylaniline hydro¬ 
chloride to an acidulated solution of the nitrous 
acid, and comparing the intensity of the colour 
produced with a standard solution of sodium 
nitrite with the same reagents. (For details, 
see Miller, Analyst, 1912, 37, 345.) 

Osmium.* lodimetricaUy (v. Chem. Zentr. 
1898, ii. 05). 

Oxygen. Peroxides, {a) lodimetrically. Such 
peroxides as those of manganese and lead 
may be estimated by distillation with concen¬ 
trated hydrochloric acid, and collecting the 
chlorine evolvqd in potassium iodide ( Bunsen’s 
method). Finely divided peroxides of manganese 
react quantitatively with cold dilute hydro¬ 
chloric acid and potassium iodide (Chem. Soc. 
Trans. 1880, 37, 128), a method of estimation 
that is available witlj, the peroxides of the alkali 
ahd alkali earth metals, which do not give 
satisfactory results by the distillation mothod 
(Arch. Pharm. 1902, 240, 437). Hydrogen per¬ 
oxide may bo determined in this manner 
(Analyst, 1888, 13, 62). 

(fej By reduction. Hydrogen peroxide, or 
peroxides of the alkal and alkaline-earth metals, 
may be dissolved in cold dilute acid and titrated 
with JV/lO-permanganate, which loses as much 
oxygen as is lost by the peroxide ( v. also Oas- 
Volurnetric methods). 

(For critical reviews of methods, &c., v. 
Arch. Pharm. 228, 432; Amer. Chem. J. 1900, 
36, 117 ; Zeitsch. angew. Chem. 1901, 14, 828 ; 
1908, 21, 589; Chem. Zeit. 1906, 30, 1275; 
1907, 31, 1257; Zeitsch. anal. Chem. 1908, 47, 
465.) 

Phosphorus. Phosphoric acid (ortho ). 
(a) ( v . Aoidimetry and Alkalimetry). 

(b) Acidimetrically, with 'previous precipita¬ 
tion. (i.) Tho .precipitated magnesium am¬ 
monium phosphato (v. Gravimetric section) is 
washed and titrated as described under Mag¬ 
nesium (Zeitsch. anal. Chem. 1898, 37, 217; 
Zeitsch. angew. Chem. 1905, 18, 655; com¬ 
pare Zeitsch. anal. Chem. 34, 33). (ii.) The 
precipitate of ammonium phosphomolybdate (v. 
Gravimetric section) after washing is dissolved 
in a slight excess of standard potassium hy¬ 
droxide free from carbonate, and the excess 
titrated with standard nitric acid using phenol- 
phthaleln as indicator. One molecular propor¬ 
tion of P 2 0 6 present as (NH 4 ) 3 P0 4 ,12Mo0 3 , 
requires 23 molecules of K 2 0 in pure aqueous 
caustic potash. P 2 0 6 =23K 2 0 (J. Amer. Chem. 
Soc. 1895, 17, 950 ; 1897, 19, 703 ; J. Soc. Chem. 
Ind. 1904, 23, 1186). 

(c) By precipitation. To the solution, feebly 
acid with acetic acid, 10 c.c. of 10 p.c. am¬ 
monium acqtate are added and standard uranium 
acetate solution (35 grams per litre) run in from 
a burette until a drop of the solution gives a 
brown colouration with potassium ferroevanide 
upon a white tile. The solution is heated to 
boiling, when the latter reaction will no longer 
take place, and more uranium acetate added 
until the brown colouration is obtained once 


more, e.g.: 


KH t P0 4 +U0 8 (C 1 H s Q 2 ) 2 +NH 4 -C 2 H,0 I 

^ KC I H > 0 2 +2HC 2 H 3 0 aC fU0 8 NH 4 P0 4 


In analysing alkali phosphates, the uranium 
solution is standardised against pure potassium 
dihydrogen phosphate, while a solution of 


calcium phosphate in acetio aoid, standardised 
gravimetrioally by the method of Woy (Chem. 
Zeit. 1897,21,442), must be used if the uranium 
acetate is to be used for estimating phosphates 
of the alkaline earths (J. Soo. Chem. Ind. 1892, 
11, 328). It is essential that titrations should 
be made under conditions closely approximating 
thoso which obtained when the uranium solution 
was standardised. 

Phosphorus in iron and steel. This is 
usually separated as ammonium phospho- 
molybdate; it may then be titrated according 
to b (ii.) above, or the precipitate is washed with 
diluto ammonium sulphate, dissolved in am¬ 
monia, tho solution strongly acidified with 
sulphuric acid, reduced with zinc, and the 
Mo 2 O s solution collected directly in ferric alum, 
t.he ferrous salt being then titrated as described 
under Molybdenum (Amer. J. Soi. 1907, 24, 
313 ; compare Blair’s Analysis of Iron). 

Potassium. By oxidation. The acetio acid 
solution, free from ammonium salts, is evapo¬ 
rated on the water-bath till pasty with sodium 
cobaltinitrite solution in rather large excess, 
cooled and stirred with 50-100 c.o. of cold water. 
The dipotassium sodium cobaltinitrite is collected, 
on asbestos, washed with cold water, and then 
immersed in an excess of nearly boiling per¬ 
manganate solution. After 5 minutes the solu¬ 
tion i«' acidified with sulphuric acid, excess of 
A r /10-oxalic acid added, and the clear solution 
titrated with permanganate. Tho perman¬ 
ganate is host standardised against a pure 
potassium salt. The oxidation of 2 molecular 
porportions of K 2 NaCo(NO a ) e by permanganate 
requires 11 atomic proportions of oxvgen or 
4K = 22H (Amer. J. Sci. 1907, 24, 433; com¬ 
pare Chem. Soc. Trans. 1900, 77, 1076). (For 
another method, v. Chem. Zeit 1896, 19, 301.) 

Selenium. Selknious acid. By oxidation. 
To the cold solution containing 5 p.c. by volume 
of eoncontratod sulphurio acid is added an ex¬ 
cess of AT/10-permanganate ; a moderate excess 
of iV/10-oxalic acid is then added, and the 
titration finished at f>0®-60® with permanganate. 
2SeO,> = 0 2 (Amer. J. Sci. 1895, 50, 51). 

(For an entirely different method, v. Amer. 
Chem. J. 1896, 18, 703; Amer. J. Sci. 1899, 7, 
287.) 


Selenic acid, lodimetrically. (i.) The acid 
is boiled with hydrochlorio acid (25 c.c. concen¬ 
trated acid in a total volume of 75 c.c.) for 
10 minutes in a Bunsen distilling apparatus or 
one of its various modifications, and the chlorine 
evolved is collected in potassium iodide (v. 
supra , Volumetric estimation of halogens , p. 209) 
Se0 3 ** Cl 8 (Amer. J. Sci. 1895, 50, 400). 
(ii.) The solution (60 c.c.) containing 20 c.o. of 
sulphurio acid (1: 1) and 1 gram of potassium 
bromide is distilled and the liberated bromine 
cohectcd in potassium iodide. SeO, = Br. 
(Amer. J. Sci. 1895, 50, 402). 

Selenium in either state op oxidation. 
lodimetrically. This is effected by a Bunsen 
distillation, the solution (60 o.c.) containing 
5 c.c. of concentrated hydrochloric aoid ana 
1-3 grams of potassium iodide. The selenium 
compound is reduced to the element itself, and 
an equivalent of iodine is distilled into potassium 
iodide and titrated. SeO, «= 2I 8 and SeO a *3I| 
(Amer. J. Soi. 1895,50,249 ; for a simpler method 
o. Amer. J. Sci. 1896, 1, 31). 
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Silver. By precipitation, (i.) The nitric acid 
solution is titrated with standard sodium chloride 
until no further precipitation is observed. (For 
details of this very exact method, v. the article 
on Assaying.) A humber of devicos have been 
described for rapidly filtering a portion of the 
liquid in order to test it for further precipita¬ 
tion (Chem. Soc. Trans. 1908, 93, 1037 ; Gazz. 
ohim. ital. 1909, 39, ii. 240). A modified 
method consists in adding a slight deficit of 
sodium chloride, filtering and titrating the 
remaining silver with dilute ammonium thio¬ 
cyanate (J. Amer. Chem. Soc. 1897, 19, 814; 
v. also Chem. Soc. Trans. 1900, 77, 232 ; Zeitsch. 
angew. Chem. 1904,17, 647). (ii.) Titration may 
be effected with iV/10-thiocyanate as described 
under Preparation of standard solutions. 

Sodium (v . Chem. Soc. Trans. 1898, 73, 167). 

Sulphur, Acids of. Hydrogen sulphide. 
Iodimetrically. The gas or a moasured volume of 
solution is absorbed in an excess of AT/10-iodine, 
the excess being afterwards titrated with JV/10- 
thiosulphate. H a S = I 2 . Direct titration with 
iodine leads to low results (Zeitsch. anal. Chem. 
1906, 45, 541). 

Hydbosulphurous acid. By oxidation. The 
sodium salt, used in indigo-dyeing, can be 
estimated by dissolving it in air-free water in 
an atmosphere of carbon dioxide, adding a 
drop of ferrous sulphate, and%unning in standard 
potassium femeyanide solution until a blue 
colour appears, air being rigidly excluded 
(Zeitsch. angew. Chem. 1905, 18, 168): 
Na 2 S a 0 4 +2K 3 Fe(CN),=2S0 2 +2K 3 NaFc(CN) # . 
If necessary, a little acetic acid is added to 
ensure that the liquid shall be acid. 

Sulphurous acid. Iodimetrically. An 
aqueous solution of sulphur dioxide is estimated 
by running it into an excess of standard iodine 
solution with constant stirring, and not vice 
versd, since that method causes a separation of 
sulphur due to the side-reaction: 

S0 2 -f4HI=S+2H 2 0+2I a 
(Annalen, 1887, 242,94). Sulphites may be accu¬ 
rately determined by adding the powdered salt 
to excess of N/lO-iodine, and after the decom¬ 
position is complete, titrating back with N/10- 
thiosulphate (J. Soc. Chem. Ind. 1884, 3, 197; 
1885, 4, 303) 

S0 2 +I a +2H z O = H 2 S0 4 -f 2HI. 

Sulphuric acid, (a) Iodimetrically. The 
feebly acid boiling dilute sulphate solution is 
precipitated with an excess of a solution of 
barium chromate in hydroohlorio acid (3-4 crams 
BaCr0 4 , 30 c.c. cone. HCl^ diluted to 1 litre). 
Barium sulphate is thus precipitated, and an 
equivalent of chromic acid liberated. Tho 
boiling solution is neutralised with powdered 
chalk to remove excqss of barium chromate, 
and the chromic aoid in the cold filtrato titrated 
iodimetrically. CrO a =S0 3 (Amer. Chem. J. 1889, 
11, 567 ; Chem. Zeit. 1898, 22, 357). 

(6) By 'precipitation, (i.) The boiling sul¬ 
phate solution, slightly acid with hydrochloric 
aoid, is titrated with standard barium chloride 
until no more precipitate is produoed. Ba=S0 4 
(Chem. News, 1889, 59, 41). A device for 
readily observing the end-point is described in 
Chem. Soo. Trans. 1907, 91, 1370. (ii.) Method 
li,) may be modified by adding an excess of 
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barium chloride, tend determining the excess by 
adding sodium acetate, acetio aoid, and am¬ 
monium diohromate, and titrating an aliquot 
part of the filtrate with N/20-ferrous sulphate 
(Chem. Soc. Trans. 1909, 95, 2198). (iii.) The 
sulphate is precipitated from dilute solution 
with excess of benzidine hydrochforide solution 
as benzidine sulphate, and the preoipitate 
titrated with ‘N/10-sodium hydroxide, using 
methyl orange as indicator (v. Zeitsch. angew. 
Chem. 1907, 20, 9, for details, corrections, &o.). 

Thiosulphuric aoid. Iodimetrically. Thio¬ 
sulphates are titrated with iodine as in stan¬ 
dardising thiosulphate solution {v. supra, p. 205); 
sparingly soluble salts are suspended in water 
and titrated, shaking vigorously in a stoppered 
bottlo all tho time. 

Persulphurio aoid. (fa) By oxidation. The 
solution is acidified with sulphuric aoid, a odn- 
sidorable excess of standard ferrous sulphate is 
added, and then 100 o.o. of hot distilled water 
(70°-80°). Excess of ferrous salt is then quickly 
titrated with N/l 0-permanganate. HjSjOg** 
2FeO (Chem. Soo. Abst. 1900, ii. 45). 

(For other methods, v. Chem. Zentr. 1900, 
435; Amer. J. Sci. 1901, 12, 367; Gazz. ohim. 
ital. 1902, 32, ii. 383; Bull. Soc. ohim. 1903, 
30, 930.) 

Tellurium. Tellurous compounds, (a) By 
oxidation. Tho solution is rendered alkaline 
with sodium hydroxide, an oxccss of N/ 10-per¬ 
manganate is added, and the excess estimated 
by acidifying with sulphurio acid, adding N/10- 
oxalic acid in excess, and finishing the titration 
with permanganate. 2Te0 3 =0 2 (Chem. Soc. 
Trans. 1891, 59, 238; Amer. J. Sci. 1899, 8, 
122 ). 

(6) By precipitation as tetraiodide in mo¬ 
derately concentrated sulphurio acid solution 
(Amer. J. Sci. 1896, 2, 271). 

(c) Iodimetrically (v. Amer. Chem. J. 1898, 
20, 278): . 

Telluric compounds. Iodimetrically. The 
tellurato is distilled with concentrated hydro¬ 
chloric acid in Bunsen’s apparatus, the chlorine 
absorbed in potassium iodide and tho iodine set 
free is titrated with N/lfi-thiosulphate. Tellurio 
anhydride must be previously dissolved in con¬ 
centrated potassium (not sodium) hydroxide, 
since it is scarcely attacked by hydroohlorio 
acid. The reduction, which proceeds to tel¬ 
lurous acid, may be also effected by distilling 
with potassium bromide and dilute sulphurio 
acid (Zeitsch. anorg. Chem. 1894, 7, 132). 

Thallium. Iodimetrically. The dilute solu¬ 
tion of thallic salt is mixed with excess of 
potassium iodide, and the iodine liberated is ti¬ 
trated with N /10-thiosulphate. T1 I a (Compt. 
rond. 1902, 134, 655). 

Tin. Stannous sblts. Iodimetrically. The 
cold hydrochloric acid solution of the stannous 
salt is titrated with AT/10-iodine. Sn =» I 2 (J. 
Amer. Chem. Soc. 1897, 19, 809). Free exposure 
of the solution to air must be avoided, sinoe 
stannous salts readily undergo oxidation; it ia 
preferable to work in an atmosphere of oarbon 

Stannio salts must be reduced before 
titration withlodine ; this may be accomplished 
by heating tho hydrochloric acid solution with 
iron, or sheet nickel, or with finely powdered 
antimony (Chenf. News, 1901, 84, 167). 
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Titanlom. By reduction and subsequent i 
widation. It is difficult to obtain accurate | 
results with quantities of titanium. dioxide 
exceeding 0*15 gram. The warm, dilute sul¬ 
phuric acid solution of titanio salt is reduced to 
the tervaleqt condition by means of zinc, 
aluminium-magnesium alloy, or zinc-aluminium 
alloy (Zn, 90 p.c. A1 10 p.c.„east in sticks), 
cooled and rapidly filtered into ferric sulphate 
solution; the equivalent quantity of ferrous 
sulphate produced is titrated with iV/10-perman¬ 
ganate. Ti as Fe (Chem. Zeit. 1907, 31, 399; 
Amer. J. Sci. 1008, 25, 130; Analyst, 1910, 35, 
198; compare J. Amer. Chem. Soc. 1895, 17, 
878). 

Titanium and Iron ( v. Iron). 

Tungsten. By reduction and subsequent 
oxidation. The solution is reduced by zine and 
hydrochloric acid to a condition corresponding 
to the oxide W0 2 , filtered and titrated with a 
standard ferric solution. The end-point is per¬ 
ceived by tho disappearance of the intense blue 
oolour of tho intermediate compound correspond¬ 
ing to W 2 0 5 , the reaction 

Fe/VfWOj, = W0 3 +2FeO 
being quantitative (Chem. Soc. Proc. 1909, 25, 
227). 

Uranium, (a) By reduction and subsequent 
oxidation. The solution, containing 20 c.c. of 
concentrated sulphuric acid in a volume of 
125 c.c., is poured upon 100 grams of pure 
zinc (in sticks 2 cm. long), heated nearly to 
boiling for 15 minutes, filtered into a large 
porcelain dish, and tho zme washed with cold 
dilute sulphuric acid (1:10 by volume) till the 
total volume of solution is 300 c.c. Tho solution 
of uranous sulphate, which should be sea-green in 
colour, is then tjtlated with iV/10-permanganate. 
The solution can also be reduced by passage 
fchfough a long column of amalgamated zinc; 
in either case tho reduction proceeds a little 
too far, but oxidation to the uranous state is 
accomplished during tho filtration and washing. 
High results are obtained by carrying out tho 
experiment in an atmosphere of carbon dioxide. 

5U(SO«) s = 2KMn0 4 = 10FeSO 4 , or U = 2Fo 
(J. Amer. Chem. Soc., 1909, 31, 307; compare 
ibid. 1901, 23, 685; 1906, 28, 1641 ; Amer. J. 
Sci. 1903, 16, 229). 

(6) lodimetrically (v. Her. 1904, 37, 189). 

Vranium and Vanadium (v. J. Amer. Chem. 
Soo. 1906, 28, 1443). 

Vanadium, (a) By reduction and subsequent 
oxidation, (i.) The vanadic solution containing 
sulphuric acid is boiled with sulphur dioxide 
until the colour is a pure blue, and the excess 
of sulphur'dioxide then expelled with carbon 
dioxide; the solution, containing vanadium 
salt corresponding to tho oxide V 2 0 4 , is then 
titrated, hot with AT/10-pormanganate. (ii.) The 
sulphuric acid solution is passed through a long 
oolumu of amalgamated zinc, and tho reducoa 
solution collected and titrated as described 
under Molybdenum. In this case reduction 

S rooeeds as far as the oxide V 2 0., (Amer. J. 
ci. 1908, 25, 332 f compare ibid. 1903, 
15, 389^ (iii.) The solution *is evaporated 
nearlv to dryness three times with concentrated 
hydrochloric acid, when vanadyl chloride V0C1, 
is formed; hydroohlorio aoiq is removed by 
•v&poration with sulphurio add, the solution 


diluted and titrated with N/IO-permanganate 
(Ber. 1903, 36, 3164). 

(6) By reduction. The vanadate solution, 
hot or cold, and contairjjng hydroohlorio or 
sulphuric acid, is titrated with standard (2 p.o.) 
stannous chloride (titrated against iodine) until 
a drop of the solution gives a blue colouration 
with ammonium molybdate. Reduction pro¬ 
ceeds as far as tho tetroxide V a 0 4 (Bull. Soo. 
chim. 1908, 3, 626). 

(c) lodimetrically. (i.) About 0-3-0-5 gram 
of vanadate is distillod with 1-5-2-0 grams of 
potassium bromide and 30 c.c. of concentrated 
hydrochloric acid, the liberated bromine ab¬ 
sorbed in potassium iodide, and the iodine 
titrated with ^/10-thiosulphate; V 2 O fi = Br a , 
the reduction proceeding to the tetroxide (Chem. 
Zentr. 1890, i. 977 ; for other iodimetric methods, 
v. Amer. J. Sci. 1896, 2, 185, 355; 1902, 14, 
369). 

Vanadium and Chromium (v. Bull. Sob. chim. 
1904, 31, 962). 

Vanadium and Uranium (v. J. Amer. Chem. 
Soc. 1906, 28, 1443). 

Vanadium and Iron (v. Iron; and J. Amer. 
Chom. Soc. 1908, 30, 1229, 1233). 

Zinc, (a) By precipitation. The chloride 
solution, containing 3 c.c. of concentrated hydro¬ 
chloric acid in a yolurae of 250 c.c., is heated 
near]/ to boiling, and titrated with standard 
potassium ferroeyanide solution (21-5 grama 
per litre, titrated against pure zinc) until one 
or two drops of the solution produce a brown 
colouration with uranium nitrate (J. Amer. 
Chom. Soc. 1900, 22, 198; 1904, 26, 4; 1908, 
30, 225; Zeitsch. anal. Chora. 1906, 44, 174). 
The uranium nitrate indicator may be replaced 
by ammonium molybdate (Chem. Zeit. 1905, 29, 
951). It has been recommended to add excess 
of ferroeyanide, and titrate back with standard 
zino chloride (Zeitsch. anal. Chem. 1890, 35, 
460). 

(For the application of this method to oreB 
and alloys, v. J. Amer. Chem. Soc. 1907, 29, 
265; Chem. Zeit. 1905, 29, 951; J. Soc. Chem. 
Ind. 1905, 24, 228, 1278.) 

(6) Acid metrically. As for Magnesium, v. 
supra , p. 212; and J. Amer. Chem. Soo. 1001, 
23, 468. 

(c) Iodimi trically. As for Magnesium, v. 
supra , p. 212; and J. Amer. Chem. Soo. 1900, 
22, 353. 

COLORIMETBIO METHODS. 

These methods are especially valuaole for 
the estimation of very small quantities of sub¬ 
stances, and are capable of giving very accurate 
results. The depth of tint proauoed by some 
characteristic colour reagent in a given volume 
oftthe solution is compared with the tint pro¬ 
duced by the same reagent in an equal volume 
of a solution containing a known quantity of 
the substance to be determined. The tint in 
the comparison tube can be varied by varying the 
proportion of the substance which it contains, 
and when the tints are equal the quantities of 
the substance in each tube are also equal. The 
quantity in one tube is known, and hence that 
in the other is determined. It is important that 
the comparison be mode under comparable con¬ 
ditions with respect to degree of acidity or 
alkalinity, proportion of the reagent, ana the 
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like. It is also important that the depth of tint 
should not be materially affeoted by the presonoe 
of other saline substances in the solution under 
examination. 

The following sutfctances may be determined 
by these methods :— 

Lead, with hydrogen sulphide. 

Copper, with hydrogen sulphide or potassium 
ferrocyanido (Camelley, Chem. News, 32, 308). 

Iron, with potassium ferrocyanide (Camelley, 
Chem. News, 30, 257). 

Iron, with potassium thiocyanato (Thomson, 
Chem. Soc. Trans. 1885, 493). 

Vanadium, with hydrogen peroxide. 

Titanium, with hydrogen peroxide (Weller, 
Ber. 1882, 15, 2593). 

Ammonia, by Nessler’s solution (v. Water). 

Iodine, in solution in carbon disulphide, or 
with starch. 

Nitrates, by phenolsulphonic acid test 
(t>. Water). 

Nitrites, by {i.) m-phenylenediamino; (ii.) 
sulphanilic acid and a-naphthylamino (?>. Water). 

The principle may likewiso be applied to the 
comparison of colouring matters, provided that 
the solutions are sufficiently diluted (v. Colori¬ 
meter). 

Ultimate Analysis of Carbon Compounds. 

The majority of carbon compounds contain 
carbon, hydrogen, and oxygen, or carbon, hydro¬ 
gen, oxygen, and nitrogen ; a smaller number 
contain one or more of the halogens, or 
sulphur. There aro a still smaller number of 
organic derivatives of phosphorus, arsenic, 
antimony, silicon, and other metalloidil and 
metallic elements, and the motals also occur in 
the salts of organic acids. 

Qualitative Examination. 

Carbon is converted into carbon dioxide 
when the substance is heated with cupric oxide. 

Hydrogen. The substanco is heated to a 
temperature below that at which decomposition 
begins, u»til all water existing as such is ex¬ 
pelled, and is then heated with finelv divided 
and recently ignited cupric oxide; tho hy drogon 
is evolved as water. 

Nitrogen. Many carbon compounds contain¬ 
ing nitrogen evolve this element m tho form of 
ammonia when heated with caustic soda or soda- 
lime, but this test is not applicable to nitro-, 
nitroso-, azo-, and diazo- derivatives. 

Many nitro-, nitroso-, and diazo- derivatives 
evolve oxides of nitrogen, with or without ex¬ 
plosion, when heated. 

Nitrogen in all classes of carbon compounds, 
with the exception of the diazo- compounds, 
may be detected by heating the substance with 
metallic sodium or potassium, together with 
some sodium carbonato if the substance Is 
explosive. The nitrogen is convorted into 
alkali cyanide, and the cooled mass is extracted 
with water and the cyanogen detected by the 
Prussian-blue test, which consists m adding 
ferrous sulphate to the alkaline solution after 
filtration, warming gently and then acidifying. 
Nitrogenous carbon compounds containing 
sulphur yield, when heated with sodium, a 
thiocyanate, and the Prussian-blue test cannot 
be used. A large excess of potassium is recom¬ 
mended jn this case, when it is stated that sulphur 


does not interfere (Tfcuber, Ber. 1899, 32, 3150). 
A mixture of potassium carbonate (138 parts) 
and magnesium powder (72 parte) has been re¬ 
commended for general use in detecting nitrogen 
even in the case of diazo- derivatives and stable 
pyrrole compounds (v. Ber. 1902, 35, 2523; 
Gazz. chim. ital. 1904, 34, [2] «69). Thin 
mixture is, however, found to take up nitrogen 
from tho atmosphere (Ellis, Chem. News, 1910, 
-102, 187). 

Halogens are detected by heating the sub¬ 
stance w ith pure lime or puro soda-lime, extract¬ 
ing with water, slightly acidifying with nitrio 
acid, and testing with silver nitrate. Highly 
nitrogenous compounds, when heated with lime, 
aro apt to yield calcium cyanide; hence the 
supposed precipitato of silver halide should 
always be tested for cyanide (v. Separation 
of cyanide and chloride), unless nitrogen W 
known to bo absent. With soda-lime no 
cyanidp is formed. The substanco may also be 
heated with sodium or potassium as in testing 
for nitrogen; iodine and bromine are detected 
by acidifying, adding chlorine water, and shaking 
up with chloroform, which becomes purple or 
brown. Tho supposed silver chloride should, 
however, always be tested for oyanide. 

Sulphur and phosphorus in non-volatile sub¬ 
stances are detected by fusing with caustic soda 
or potash mixed with about ono-fifth its weight 
of potassium nitrate, or by heating with sodium 
peroxide diluted with sodium carbonate; in 
either case the product is tested for sulphurio 
or phosphoric acid. Volatile or non-volatile 
substances may be oxidised by heating in a 
sealed tube at 150°--300 o , according to cir¬ 
cumstances, with fuming nitric acid of sp.gr. 1*5. 
Sulphur and phosphorus are oxidised to sul¬ 
phuric and phosphoric acid respectively. 

Sulphur is also detected by heating the sub¬ 
stance with sodium, extracting with water, ancl 
adding sodium nitroprusside, when a brilliant 
violet colouration indicates the presence of 
alkaline sulphide. 

Arsenic and antimony are deteoted by fusing 
tho substance with equal weights of sodium 
carbonato and sodium peroYido, extracting with 
water, acidifying, and passing in hydrogen sul¬ 
phide. Other appropriate tests for these two 
elements may be applied. 

Quantitative Determinations. 

Carbon and hydrogen in absence of nitrogen, 
halogens, &c. 

The simplest and most convenient method 
for general purposes is to bum the compound in 
a glass tubo in a current of oxygen, assisted by 
cupric oxide ; the carbon is converted into car¬ 
bon dioxide, which is absorbed by cauatio 
potash; tho hydrogen is converted into water, 
which is absorbed by calcium chloride or con¬ 
centrated sulphuric acid. 

Erlenmcyer’s modification of Von Babo’s 
furnace is frequently employed. The heat is 
supplied by a row of 20-26 Bunsen burners, 
each of which is provided w ith a tap and a per¬ 
forated collar for regulating the supply of air. 
The flames strike the under side of a semicircular 
fireclay or sheet«5ron trough or gutter ilf which 
the combustion tube rests on a layer of magnesia 
or asbestos. Inclined at an angle over this 
gutter on either side is a row of fireclay tiles 
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Titanlom. By reduction and subsequent i 
widation. It is difficult to obtain accurate | 
results with quantities of titanium. dioxide 
exceeding 0*15 gram. The warm, dilute sul¬ 
phuric acid solution of titanio salt is reduced to 
the tervaleqt condition by means of zinc, 
aluminium-magnesium alloy, or zinc-aluminium 
alloy (Zn, 90 p.c. A1 10 p.c.„east in sticks), 
cooled and rapidly filtered into ferric sulphate 
solution; the equivalent quantity of ferrous 
sulphate produced is titrated with iV/10-perman¬ 
ganate. Ti as Fe (Chem. Zeit. 1907, 31, 399; 
Amer. J. Sci. 1008, 25, 130; Analyst, 1910, 35, 
198; compare J. Amer. Chem. Soc. 1895, 17, 
878). 

Titanium and Iron ( v. Iron). 

Tungsten. By reduction and subsequent 
oxidation. The solution is reduced by zine and 
hydrochloric acid to a condition corresponding 
to the oxide W0 2 , filtered and titrated with a 
standard ferric solution. The end-point is per¬ 
ceived by tho disappearance of the intense blue 
oolour of tho intermediate compound correspond¬ 
ing to W 2 0 5 , the reaction 

Fe/VfWOj, = W0 3 +2FeO 
being quantitative (Chem. Soc. Proc. 1909, 25, 
227). 

Uranium, (a) By reduction and subsequent 
oxidation. The solution, containing 20 c.c. of 
concentrated sulphuric acid in a volume of 
125 c.c., is poured upon 100 grams of pure 
zinc (in sticks 2 cm. long), heated nearly to 
boiling for 15 minutes, filtered into a large 
porcelain dish, and tho zme washed with cold 
dilute sulphuric acid (1:10 by volume) till the 
total volume of solution is 300 c.c. Tho solution 
of uranous sulphate, which should be sea-green in 
colour, is then tjtlated with iV/10-permanganate. 
The solution can also be reduced by passage 
fchfough a long column of amalgamated zinc; 
in either case tho reduction proceeds a little 
too far, but oxidation to the uranous state is 
accomplished during tho filtration and washing. 
High results are obtained by carrying out tho 
experiment in an atmosphere of carbon dioxide. 

5U(SO«) s = 2KMn0 4 = 10FeSO 4 , or U = 2Fo 
(J. Amer. Chem. Soc., 1909, 31, 307; compare 
ibid. 1901, 23, 685; 1906, 28, 1641 ; Amer. J. 
Sci. 1903, 16, 229). 

(6) lodimetrically (v. Her. 1904, 37, 189). 

Vranium and Vanadium (v. J. Amer. Chem. 
Soo. 1906, 28, 1443). 

Vanadium, (a) By reduction and subsequent 
oxidation, (i.) The vanadic solution containing 
sulphuric acid is boiled with sulphur dioxide 
until the colour is a pure blue, and the excess 
of sulphur'dioxide then expelled with carbon 
dioxide; the solution, containing vanadium 
salt corresponding to tho oxide V 2 0 4 , is then 
titrated, hot with AT/10-pormanganate. (ii.) The 
sulphuric acid solution is passed through a long 
oolumu of amalgamated zinc, and tho reducoa 
solution collected and titrated as described 
under Molybdenum. In this case reduction 

S rooeeds as far as the oxide V 2 0., (Amer. J. 
ci. 1908, 25, 332 f compare ibid. 1903, 
15, 389^ (iii.) The solution *is evaporated 
nearlv to dryness three times with concentrated 
hydrochloric acid, when vanadyl chloride V0C1, 
is formed; hydroohlorio aoiq is removed by 
•v&poration with sulphurio add, the solution 


diluted and titrated with N/IO-permanganate 
(Ber. 1903, 36, 3164). 

(6) By reduction. The vanadate solution, 
hot or cold, and contairjjng hydroohlorio or 
sulphuric acid, is titrated with standard (2 p.o.) 
stannous chloride (titrated against iodine) until 
a drop of the solution gives a blue colouration 
with ammonium molybdate. Reduction pro¬ 
ceeds as far as tho tetroxide V a 0 4 (Bull. Soo. 
chim. 1908, 3, 626). 

(c) lodimetrically. (i.) About 0-3-0-5 gram 
of vanadate is distillod with 1-5-2-0 grams of 
potassium bromide and 30 c.c. of concentrated 
hydrochloric acid, the liberated bromine ab¬ 
sorbed in potassium iodide, and the iodine 
titrated with ^/10-thiosulphate; V 2 O fi = Br a , 
the reduction proceeding to the tetroxide (Chem. 
Zentr. 1890, i. 977 ; for other iodimetric methods, 
v. Amer. J. Sci. 1896, 2, 185, 355; 1902, 14, 
369). 

Vanadium and Chromium (v. Bull. Sob. chim. 
1904, 31, 962). 

Vanadium and Uranium (v. J. Amer. Chem. 
Soc. 1906, 28, 1443). 

Vanadium and Iron (v. Iron; and J. Amer. 
Chom. Soc. 1908, 30, 1229, 1233). 

Zinc, (a) By precipitation. The chloride 
solution, containing 3 c.c. of concentrated hydro¬ 
chloric acid in a yolurae of 250 c.c., is heated 
near]/ to boiling, and titrated with standard 
potassium ferroeyanide solution (21-5 grama 
per litre, titrated against pure zinc) until one 
or two drops of the solution produce a brown 
colouration with uranium nitrate (J. Amer. 
Chom. Soc. 1900, 22, 198; 1904, 26, 4; 1908, 
30, 225; Zeitsch. anal. Chora. 1906, 44, 174). 
The uranium nitrate indicator may be replaced 
by ammonium molybdate (Chem. Zeit. 1905, 29, 
951). It has been recommended to add excess 
of ferroeyanide, and titrate back with standard 
zino chloride (Zeitsch. anal. Chem. 1890, 35, 
460). 

(For the application of this method to oreB 
and alloys, v. J. Amer. Chem. Soc. 1907, 29, 
265; Chem. Zeit. 1905, 29, 951; J. Soc. Chem. 
Ind. 1905, 24, 228, 1278.) 

(6) Acid metrically. As for Magnesium, v. 
supra , p. 212; and J. Amer. Chem. Soo. 1001, 
23, 468. 

(c) Iodimi trically. As for Magnesium, v. 
supra , p. 212; and J. Amer. Chem. Soo. 1900, 
22, 353. 

COLORIMETBIO METHODS. 

These methods are especially valuaole for 
the estimation of very small quantities of sub¬ 
stances, and are capable of giving very accurate 
results. The depth of tint proauoed by some 
characteristic colour reagent in a given volume 
oftthe solution is compared with the tint pro¬ 
duced by the same reagent in an equal volume 
of a solution containing a known quantity of 
the substance to be determined. The tint in 
the comparison tube can be varied by varying the 
proportion of the substance which it contains, 
and when the tints are equal the quantities of 
the substance in each tube are also equal. The 
quantity in one tube is known, and hence that 
in the other is determined. It is important that 
the comparison be mode under comparable con¬ 
ditions with respect to degree of acidity or 
alkalinity, proportion of the reagent, ana the 
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and 19). In the absenoe of the aide bulb, eaoh 
limb of the tube if dosed by a oaoutchouo cork 
oarrying a narrow tube bent at a right angle, 
one of these tubes fitting directly into the cork 
of the combustion tube, and the other being 
connected with the potash bulbs. A small test- 
tube, 2-3 cm. long, placed in the upper part of 
the first limb of the U-tube, collects the greater 
part of the water, and thus protects the caloium 
chloride (No. 1, Fig. 17). (For other forms of 
calcium chloride tubes, v. Chem. Soo. Proo. 1906, 
22, 87 ; Chem. Zeit. 1907, 31, 342.) 

A U-tube containing pumioe moistened with 
strong sulphurio acid may also be used to collect 
the water, but bulbs filled with the acid must 
not be used, sinoe it dissolves an appreciable 
quantity of carbon dioxide. 

The carbon dioxide is absorbed in a strong 
solution of potassium hydroxide made by dis¬ 



solving this substance in an equal quantity of 
water. The solution is contained in * potash 
bulbs,’ of which there are many forms. Gcisslor’s 
form is the mos* convenient, since it will stand 
on its own base (No. 2, Fig. 18). Liebig’s original 
form (No. I) is still used, but the more recent 



form devised by Bender (Fig. 19) secures efficient 
absorption, and is convenient for weighing, as 
it stands either on its own base or on an alu¬ 
minium foot. 

The Geiwler or Liebig bulbs must contain 
suoh a quantity of oaustio potash solution that 
it washeB up to a oertain oixtent in the last 
bulb, but yet is not sufficient to fill the large 
first bulb in oase a vaouum is produced by rapid 
absorption of the gas. In addition to the potasft 
bulbs, a U-tube filled with granulated soda-lime, 
with a layer of calcium ohloride 2 cm. deep in the 
upper part of eaoh limb, is used to absorb the 
last traces of the gas and any small quantity of 
moisture that may be given off from the caustic 
potash solution. Tv. o suoh soda-lime tubes may 
be used in place pf potash bulbs. (For other forms 
of carbon aioxide absorption tubes, v. Chem. Zeit. 
1906, 29, 669; 1907, 31, 342; 1908, 32, 77; 
Amer, Chem. J. 1906, 36, 309 ; Ann. Chim. anal. 
1007, 12, 318 ; Chem. Soc. Proc. 1908, 24, 182.) 


The tube containing the soda-lime is con¬ 
nected with a U-tube filled with caloium chloride, 
to protect the absorption apparatus from mois¬ 
ture ; this is especially needful when the air is 
drawn through the apparatus by means of an 
aspirator. 

The oxygon or air used in the co&bustion is 
freed from carbon dioxide by passing through a 
strong solution of caustic potafih. If compressed 
oxygen is employed, it is advisable to pass it first 
through a short length of heated combustion tube 
containing cupric oxide, in order to burn out 
any carbonaceous impurity. The %ir or oxygen 
is then dried by passing through dry calcium 
chloride or through pumice moistened with 
concentrated sulphuric acid, the same desic¬ 
cating agent must bo used to dry the gas as is 
employed to collect the water produced during 
the combustion. 

The oxygen is dried by passing it through 
two long U-tubes containing calcium ohloride. 
Instead of the U-tubes we may use a tall 
cylinder with the lower half filled with soda-lime 
and the upper with calcium chloride. 

The oxygen required for combustions in the 
open tube may be prepared from potassium 
chlorate and magnaneso aioxide and stored over 
water in gasholders of moderate capacity. The 
gas may also bo generated as required by the 
following method, which furnishes the gas under 
sufficient pressure for use in combustions. A 
solution of 26 grams of potassium permanganate 
in 600 c.c. of water, and 60 c.c. of sulphuric acid 
is introduced drop by drop into a litre flask 
containing 600 o.o. of hydrogen peroxide (10 
vols.). The gas contains chlorine and ozone, 
which are removed during its passage through 
the purifiers (Bull. Soc. Chim. 1907, [4] 1, 601). 

The operation .—The tube is* placed in the 
furnace and connected at one end with the dry¬ 
ing apparatus and at the other with the oalcium 
chloride guard tube, but not with the absorption 
apparatus. It is gradually heated to redness, 
a current of dry oxygen is passed through for 
half an hour to remove nil moisture and organic 
matter, and the tube is allowed to cool When 
a oombustion tube is being used for the first 
time or after a long interval, it is advisable to 
carry out a blank experiment by putting on the 
absorption apparatus and heating the tube for 
some time in a stream of dry oxygen. If the 
tube is ready for the analysis, the weight of the 
absorption tube and apparatus should be 
constant. The solid or non-volatile liquid sub r 
stance is now weighed into the platinum boat, 
which is introduced into the tube by removing 
the long copper plug at the back, and the latter 
is then replaced. Tho front end of the tube is 
then connected with the absorption apparatus, 
and tbe other end is connected with the drying 
tubes and the oxygen reservoir. The burners 
under the front part of the tube are now lighted 
and the temperature gradually raised until the 
tube is at a aull-red heat to within 12 cm. of the 
boat. The tube in contact with the stopper at 
the front end should be so hot that it can only 
just be touched by the finger, and this tempera¬ 
ture should be maintained throughout the 
operation by regulating the first two burifers, in 
order to prevent condensation of moisture with¬ 
out decomposing the stopper. If any water 
should condense, it may be volatilised by bringing 
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one of the hot tiles dose over the tube. The last 
two or three burners under the long copper plug 
at the back are now lighted and the temperature 
gradually faised to dull redness, whilst at the 
same time the copper oxide is heated to within I 
5-0 cm. of the boat, and a current of oxygen is 
passed through the tube at the rate of a bubble 
every two seconds. One of the burners under 
the boat is then lighted and the boat very 
gradually heated, combustion being regulated 
so that the bubbles passing into the pot ash bulbs 
can easily be counted. When the substance is 
completely carbonised, the temperature of the 
boat is raised And the current of oxygen increased 
to a bubble per second. Towards the close of 
the operation the boat is heated to redness and 
a somewhat more rapid current of gas is passed. 
It is not necessary to heat the tube above red¬ 
ness, and a higher temperature produces distor¬ 
tion. When combustion is complete, the current 
of oxygen is continued for a short time to drive 
out all oarbon dioxide and rcoxidise nny reducod 
copper. When the oxygen bubbles through 
the potash bulbs at the same rate as through 
the drying apparatus, the oxygen reservoir 
is disconnected and a current of air is drawn 
through the whole apparatus to expel the oxygen. 
At the same time the tube is gradually cooled 
and is ready for a second operation. If the 
tube is carefully heated and cooled, it may be 
used for a very large number of analyses. The 
absorption apparatus is disconnected and 
weighed. All the weighings should be made 
without the plugs of caoutohoue tubing and 
glass rod whioh are used to protect the contents 
of the tubes and bulbs from the air. When 
several analyses are being made of substances 
which bum only with difficulty, the entire heat¬ 
ing may with fdvantage be carried out in a 
ourrent of oxygen, and some saving of time is 
effected by weighing the absorption apparatus 
filled with oxygen. 

Volatile liquids are inclosed in a small thin 
cylindrical glass bulb 3 cm. long, with a capillary 
neck, readily made by drawing out a piece of 
wider tubing. The bulb is weighed, heated, and 
the oapillary tube immersed beneath the liquid. 
As the tube cools a small quantity of the liquid 
enters. This is heated to boiling, and when the 
air is expelled the end of the tube is again 

S laoed in the liquid, and when the vapour con- 
eqses the bulb is completely filled. If the 
liquid is very volatile, the capillary end may be 
sealed before weighing the tube, but usually this 
is not neoessary. The bulb is placed in the 
boat' with the capillary end open and directed 
towards the copper oxide. Combustion is con¬ 
ducted as already described, but much greater 
care is required, especially if the liquid is very 
volatile. The front part of the copper oxide 
must be quite red-hot before the liquid begins 
to volatilise, and it is advisable that the bulb 
be empty before the copper oxide near the 
boat is heated. With an iron gutter sufficient 
heat is conducted to vapourise volatile liquids, 
but in other cases a very low flame may be 
used, or one of the hot tiles may be held over 
the boat. In all cases it is difficult to prevent 
diffusig||of vapour into the back of the tube and 
even into the drying apparatus. The long 
copier ping at the back increases the Bpeod of 
the current by decreasing tlje diameter of the 


passage, and the narrow diameter of the entranoe 
tube assists in a similar manner, but in all cases 
of the analysis of a volatile substance a slow 
current of air should be passed almost from the 
beginning. Later, oxygen should be passed, but 
not too soon, otherwise an explosive mixture 
may bo formed. The open tube, in faot, does not 
yield such satisfactory results with volatile 
liquids as with other substances, and in such 
cases combustion should be made by the follow¬ 
ing method. 

Liebig's original methodl as modified by 
Bunsen. Granular cupric oxide and some of the 
finely divided oxide aro heated strongly, and 
while still hot are placed in flasks with long necks 



which are then tightly corked. The combustion 
tube is drawn out at one end in the manner 
shovel in the figure, and sealed at the point a. 
A layer of granular cupric oxide 
about 10 cm. long is first intro¬ 
duced by placing the combustion 
tube in the nook of the flask (Fig. 21) 
containing it, and then 2-3 cm. of 
the finely divided oxide. The sub¬ 
stance (about0-5 gram) is now intro¬ 
duced from a long narrow weighing 
tubo which can be inserted into the 
mouth of the combustion tube, and 
5-G cm. of the finely di\ ided oxide 
is added and intimately mixed with 
the substance by means of a long 
copper wire, the lower end of widen 
has two twists like a corkscrew (Fig. 

22). The wire and sides of the tube 
are rinsed with some of the oxide, and f ig< 21. 
the tube is filled with the granular 
oxide to within 5-0 cm. of the top, and a plug of 
cupric gauze inserted. Every care must be taken 
to prevent absorption of moisture by the cupric 

Q -- 1 . . . 1 wvw 

Fig. 22. 

oxide. The remainder of the operation is con¬ 
ducted as describe^ above, and when combustion 
is complete the drawn-out end of the tube is con¬ 
nected with a drying apparatus, the tip broken 
off inside the caoutcnouc tube, and a current of 
oxygen and afterwards of air passed through 
the apparatus. 

In whichever way the oombustion is made it 
is found that the percentage of hydrogen is 
always about OT-OT6 too high, a result attri¬ 
buted to the difficulty of perfectly drying the 
cuprio oxide, &c. It is frequently stated that an 
open tube rarely gives correot results the first 
time it is used ; but this is solely due to neglect 
of the precaution of first heating in a current of 
oxygen. 
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Combudion tciih lead chromate. Sub- 
stances suoh u graphite, resins, &c. which are 
oxidised with great difficulty, should be burnt 
.with lead chromate, or in extreme cases with 
lead ohromate containing 10 p.o. of potassium 
bichromate; these oxidising agents can be em¬ 
ployed in either open or closed combustion tubes, 
file chromate is precipitated by adding potas¬ 
sium biohromate to a solution of lead nitrate, 
washed, dried, fused, and then granulated. It 
is heated immediately before being used, and 
the tube is filled in the same manner as with 
copper oxide in B. The efficiency of the lead 

S Dmate depends mainly on the fact that at a 
1 temperature it fuses. After being used it 
eated with nitrio acid in order to remove the 
reduced oxides, and is washod, dried, and 
again ignited. 

Carbon and hydrogen In presence of nitrogen, 
halogens, &c. When nitrogen is prosent it is 
partly converted into nitrogen oxides, which 
are absorbed by the caustic potash. In order 
to avoid this source of error, the front of the 
tube contains plugs of copper wire gauze or a 
layer of granulated metallic copper 12-15 cm. 
in length reduced in carbonic oxide. The copper 
is heated to redness throughout the operation, 
and the nitrogen oxides aro decomposed with 
absorption of oxygen and liberation of nitrogen. 
A silver gauze plug is preferable to the copper, 
beoause if the latter is reduced in hydrogen, it 
is apt to retain water, and if in methyl alcohol, 
it may also contain carbon (Zeitsch. anal. Chem. 
1906, 14, 741). 

Perkin (Chem. Soc. Proc. 1880, 37, 457) 
employs precipitated manganio oxide made into 
a paste with a saturated solution of potassium 
chromate containing 10 p.c. of dichromate, dried 
and granulated. A layer of this mixture 15 cm. 
long is placed in the front of the tube and heated 
to 200 -250° 0. All nitrogen oxides are ab¬ 
sorbed, but if the mixture is heated too strongly 
they are partially expelled. After each analysis 
the manganic oxide is heated more strongly 
whilst a current of air is passed through the tube, 
and the nitrogen oxides are more or less com¬ 
pletely driven off. 

The halogens, when present, form halide 
copper salts, which are somewhat volatile and 
are liable to be carried into the absorption 
apparatus. In such cases the front layer of 
copper may be replaced by silver foil or gauze, 
which decomposes the nitrogen oxides and also 
absorbs the halogens. Compounds of this kind 
may also be burnt by means of lead chromate, 
(e. supra), or a mixture of the substance with 
lead chromate may be placed in a poroelain 
boat and burnt in a current of oxygen in the 
usual way (c/. Amer. Chem. J. 1906, 35, 531). 

Sulphur forms sulphur dioxide, which is ab¬ 
sorbed by caustio potash. Compounds contain 
ing this element may be burnt with lead chro¬ 
mate, care being taken that the front of the tube 
is not too hot; or the front of the tube may 
oontain a somewhat longer layer of manganic 
oxide and potassium chromate, the front half 
being kept at 200°-250° to absorb nitrogen 
oxides, whilst the reaj half is heated to dull 
redness and absorbs the sulphur dioxide 
(Perkin, l.c.). 

Combustion in presence of a contact 
tvbstance. The use of a special combustion 


furnace may be obviated by bringing a mixture 
of oxygen and the vapour of the organio sub- 
stanoe heated to a suitable temperature, into 
contact with some active material, suoh as 
platinum, platinised quartz, platinised asbestos, 

P alladium, or even finely divided copper oxide. 

'his process, which has been applied successfully 
by Dennstedt and his collaborators to a varied 
series of organio substances, is carried out in a 
hard-glass or quartz combustion tube, about 
86 cm. in length and 10-18 mm. in diameter, 
the contact material being placed about the 
middle of the tube. Platinised quartz is pre¬ 
pared by soaking thoroughly dean and dry 
quartz fragments in an alcoholic solution of 
pyridine platinichloride and igniting them over 
the blow-pipe. A layer of about 3 cm. of this 
material can be used in the combustion, or 
platinum foil or wire may Be employed, one of 
the most efficient forms of this metal being a 
six-rayed star of platinum foil, about 10 cm. in 
length. The combustion is most conveniently 
effected in a double supply of oxygen. The 
boat containing the substance is placed in the 
hard-glass inner tube (18 cm. in length) shown 
in Fig. 23, which is open at one end and at the 



other terminated by a wide capillary tube, 
through which a current of dry oxygen can be 
introduced. This inner tube has a diameter of 
about 14 mm., and oxygen can bo passed through 
the annular space by means of the T-tube fitting 
over the capillary tube as shown in the figure. 

By means of this apparatus the supply of 
oxygon required for vaporising and burning the 
substance can be carefully regulatod. When 
the organic compound contains nitrogen, sul¬ 
phur, or halogens, a largo j?oat containing lead 
peroxide is placed in the combustion tube and 
heatod to 300°-320°. The sulphur is absorbed 
in the form of lead sulphate, and may be esti¬ 
mated by extracting the load peroxide with 
5 p.c. sod'ium carbonate solution, and estimating 
the sulphate in the filtrate. The estimation of 
chlorine and bromine may be similarly effected. 
Iodine is not entirely absorbed by lead peroxide, 
and, accordingly, ‘ molecular * silver must be 
employed to take up this element (Dennstedt, 
Zeitsch. angew. Chem. 1905, 18, 1134; 19, 517; 
Chem. Zeit. 1905, 29, 52; 1909, 33, 769; 
Analyst, 1905, 135; Ber. 1908, 41, 600; Bau-. 
mert, Ber. 1907, 40, 3475). Walker and Black- 
adder recommend a furnace 60 cm. long, with 
granular copper oxide partly placed in the 
combustion tube and partly mixed with the 
weighed substance. The combustion is carried 
out in about *30 minutes, and the tube can be 
heated with Bunsen burners on an ordinary 
working bench (Chem. Ne*vs, 1909, 99, 4; c/. 
Marek J. pr. Chqp. 1906, 73, 359). k 

Electrical method. In this process the 
electric current is used as the source of heat, and 
platinum as the catalyst. A Dennstedt inner 
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tube is employed to contain the boat z with the 
weighed substance, and the spiral of platinum- 
iridium wire irj is wound round a porcelain or 
quartz tube held in position in the combustion 
tube by a nickel tube de, passing through the 
indiarubber stopper o. The coil is heated to 
redness by the passage of the current through 


dkjop, and the absorption apparatus is fitted 
on to the outer end of the nickel tube db. A 
divided stream of oxygen is employed as in the 
Dennstedt prooess, and the time required for 
complete combustion varies from 15 to 40 
minuteB. 

The consumption of electrical energy in 
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this method of carrying out combustions is 
snail, amounting ft) about 3-6 amperes at 
54 volts (194-4 watts) during the time when 
the highest temperature is obtained (Breteau 
and Lerona, Bull. Soc. chim. 1908, [4] 3, 15; 
cf. B. Blount, Analyst, 1905, 30, 29; Morse and 
Taylor, Amer. Cbem. J. 1905, 33, 591 ; Morse 
ana Gray, Amer. Chem. J. 1906, 35, 451; 
Carrasoo and Plancher, Gazz. chim. ital. 1906, 
36, 492; Lippmann, Chem. Zeit. 1905, 29, 487, 
174; Tucker, J. Amer. Chem. Soo. 1907, 29, 
1442). 

Nitrogen. This element is determined in 
the form of ammonia (Will and Varrentrapp, 
Ruffle, Kjeldahl), or in the form of nitrogen gas, 
whioh is collected and measured, the weight 
being calculated from the volume (Dumas, Max¬ 
well Simpson). 

A. Will and Varrentrapp'8 method. The sub- 
stanoe is heated with soda-lime and the nitrogen 
is evolved as ammonia, whioh is absorbed in 
hydroohlorio acid and precipitated as ammo¬ 
nium platinioMoride or estimated volumetri- 
caily. This method is not applicable to azo-, 
diazo-, nitro-, and nitroso- derivatives, and to 
certain albuminoid substances. 

Soda-lime is prepared by slaking 2 parts of 
good quicklime with a strong solution of 1 part 
of sodium hydroxide free from nitrates or sul¬ 
phates. The mixture is dried by heating in an 
iron vessel, granulated, and preserved in well- 
closed bottles. A mixture of equal parts of 
caloium hydroxide and anhydrous sodium car¬ 
bonate may also be used. 

4 glass tube about 50 em. long and 12 mm. 
diameter, sealed at one end, is filled to a depth 
of about 5 om. with a mixture of anhydrous 
oxalic acid and granular soda-lime, and a short 
plug of recently ignited asbestos is inserted. 
The substance is intimately mixed with sufficient 
finely powdered soda-lime to form a layer about 
15 om. long, and is quickly introduced into 
the tube. The mortar is rinsed with a small 
quantity of soda-lime, which is also put in the 
tube, and the latter is then filled with granular 
soda-lime to within 5 cm. from the end and a 
loose asbestos plug inserted. The tube is tapped 
to form a ohannel over the powdered soda-lime 
for the escape of the gases, and is placed in a 
furnace, which may be considerably shorter than 
that used in the estimation of hydrogen and 
oxygen^ Tho combustion tub^is attached by 
means of a perforated oork to an apparatus for 
absorbing the ammonia. This may consist of 
the bulbs originally devised % by Will and Var¬ 


rentrapp, or of an ordinary bulb U-tube. 
Winkler has devised a combination of bulb 
and flask which is especially convenient for 
estimations by titration, since the liquid need 
not be transferred. Ordinary dilute hydro¬ 
chloric acid or a definite volume of standard 
acid is placed in the bulb. The tube is gradually 
heated to redness, beginning at the end near 
tho U-tube, and when decomposition is com¬ 
plete the oxalio acid at the back is heated, and 
the ammonia in the tube is driven out by 
the current of carbonic oxide and carbon 
dioxide. The excess of acid is then determined 
by stlhdard alkali*; or the liquid is evaporated 
with platinic chloride as in an ordinary estima¬ 
tion of ammonia, and tho precipitate is washed 
with ether containing a small quantity of alcohol, 
dried, heated in a crucible till completely decom¬ 
posed, and the nitrogen calculated from the 
weight of the residual platinum. Pt=N,. The 
nitrogen frequently forms volatile bases other 
than ammonia, and hence the platinum pre¬ 
cipitate cannot bo weighed as such. The ratio 
of platinum to nitrogen is, however, the same in 
all cases. The precipitate is washed with ether, 
because if such bases are present, it may be 
soluble in alcohol. 

It is important that the front part of the tube 
be heated sufficiently to secure completo decom¬ 
position, but the temperature must not be too 
high, otherwise part of the ammonia itself is 
decomposed, and the results are too low. Sub¬ 
stances rich in nitrogen should be mixed with 
some pure sugar in order to dilute the ammonia 
and prevent too rapid absorption. 

Various modifications of Will and Varren- 
trapp’s method have been introduced in order 
to make it more generally applicable, but these 
processes have been superseded by Kjeldahl’s 
method [cf. Ruffle, Chem. Soc. Trans. 1881, 39 
87; Arnold, Ber. J885, 18, 806). 

B. Dumas' method. In this process the hydro¬ 
gen and carbon are burnt by means of cupric 
o»do and the liberated nitrogen collected 
and measured. A glass tube 80 cm. long, 12 to 
15 mm. diameter, sealed like a test-tube at one 
end, is filled to a length of 12-15 cm. with dry 
sodium hydrogen carbonate, 4 cm. of cupric 
oxide is added, and then an intimate mixture 
of the substanoe (0-3-0/6 gram) with cupric 
oxide, then the oupric oxide used to clean the 
mortar, a layer of granular cupric oxide, and 
finally a layer of reduoed granulated oopper or 
copper-wire gauze not less than 15 cm. in length. 
The tube is connected by means of a oork and 
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bent tube with an apparatus for collecting the 
nitrogen. The sodium hydrogen carbonate is 
first heated until all air is expelled and the 
issuing gas is completely absorbed by potash 
solution. The copper is then heated to redness, 
the heat being gradually applied to the whole 
tube as far as the carbonate. When combustion 
has ceased, the carbonate is again heated until 
all the nitrogen has been expelled. 

The most convenient form of apparatus for 
collecting the nitrogen is that devised by If. 

Schiff {Zeitsch. anal. 
Chem. 7, 430), or a simi¬ 
lar form described by 
Groves (Chem. Soo. 
Trans. 1880, 37, 500). 
The former consists of a 
burette, a, fitted with a 
heavy foot and provided 
with a stop-cock, c, at 
the top. Close to the 
bottom is a tubulus, b, 
inclinod at an angle of 
about 45°, and on the 
other side is another 
tubulus, a, connected by 
means of a caoutchouc 
tube previously soaked 
m paraffin with a globu¬ 
lar reslrvoir, B, which is 
attached to the burette 
by a clip, and the height 
of which is readily ad¬ 
justed. Mercury is 
poured into tho burette 
t hrough the lower tubu¬ 
lus to a height of 2 or 
3 mm. above the lower 
opening, and the reser¬ 
voir is then filled with a 
solution of caustic pot¬ 
ash in its own weight of water, the lower 
tubulus being closed with a cork. The stop¬ 
cock is opened and the resorvoir raised until the 
burette is completely filled with the alkaline 
solution. The stopcook is then dosed and the 
reservoir lowered to the bottom of the burette. 
The tubulus may now be opened without the 
mercury or alkaline solution being forced out. 
When the ail has been expelled from the com¬ 
bustion tube the end of the delivery tube is 
inserted through the tubulus and the nitrogen 
collected. At the close of the operation the 
temperature of the gas is allowed to become con¬ 
stant, the reservoir is raised so that the level of 
the liquid is the same as in the burette, and the 
volume of the nitrogen is rea^ off, together with 
the temperature and the height of the baro¬ 
meter. The weight of the nitrogen, P, is then 
calculated from the volume by means of the 
formula 

V(B-/)0-001251 
F ” (1+ 0‘003600760* 

where V is the observed volume, B the height 
of the barometer. / the tension of aqueous 
vapour at the temperature t, and 0-001251 tho 
weight of 1 o.c. of nitrogen at 0° and 760 mm. 

Gatterman (Zeitsch. anal. Chem. 24, 57) 
collects the nitrogen in an apparatus similar to 
SohifFs, but not graduated. A bent tube of 
small diameter completely filled with water is 


attaohed to the jet of the burette by means of 
caoutchouo tubing. By closing the lower 
tubulus, raising the potasn reservoir, and opening 
the stopcock, the gas is driven over into a gradu¬ 
ated tube standing over water, and is measured, 
i'he error duo to the unknown vapour.tenBion of 
the potash solution is thus avoided, but the 
vapour tension of the water at tho particular 
temperature must of course be taken into 
account. Other forms of apparatus are de¬ 
scribed by Zulkowsky (Annalen, 1876, 182, 296 ; 
Roscoe and Schorlemmer’s Chemistry, 3, pt. 1, 
74) and Schwarz (Ber. 1880, 13, 171). 

C. Maxwell Simpson's modification of Dumas' 
method (Chem. Soc. Trans. 1853, 6,290; Annalen, 
1855, 95, 74). In order to avoid the formation 
of carbonic oxide and nitric oxide, the substance 
is burnt with a mixture <rf cupric oxide and 
mercuric oxide. Into a tube similar to that 
used iu Dumas’ method is introduced about 

12 grams of manganese carbonate or granulated 
magnesite mixed with 2 grams of precipitated 
•mercuric oxide, followed by a plug of asbestos. 
Another gram of mercuric oxide is introduced, 
and then an intimate mixture of 0-5 gram of tho 
substance with 45 parts of a previously prepared 
and thoroughly dry mixturo of 4 parts of ignited 
cupric oxide and -6 parts of precipitated mercurio 
oxide. The mortar and the sales of the tube are 
rinsed with a similar mixture and another as¬ 
bestos plug is introduced. A layer of granular 
cupric oxide about 9 cm. m length and a layer of 
not less than 20 cm. granulated copper, kept in 
position by another asbestos plug, fill the re¬ 
mainder of tho tube. After the air has been 
expelled by heating the manganese carbonate or 
magnesite, the tube is gradually heated to red¬ 
ness, beginning from tho fronj. Tho metallic 
copper not only decomposes nitrogen oxides, but 
also absorbs the excess of oxygen. The gas ja 
collected as in Dumas’ method, the magnesite 
or manganese carbonate providing the carbon 
dioxide. 

Certain organic compounds ( t.g. hydroaroma¬ 
tic series), when analysed for nitrogen, evolve a 
portion of their carbon as methane, which, being 
burnt only imperfectly, a<fds to the volume of 
the nitrogen. In those cases lead chromate is 
recommended as the oxidising agent, or tho 
substance may be mixed with cuprous chloride 
and copper oxide (Haas, Chem. Soc. Proc. 1906, 
22, 81). 

Various modifications of Dumas’ process havo 
been proposed. Thudichum and Wanklyn use a 
mixture 5 parts of normal sodium oarbonato and 

13 parts of fused potassium bichromate in place 
of sodium hydrogen carbonate. Groves (l.c.), 
with a view to usmg the same tube repeatedly, 
places the mixture of carbonate and bichromate 
in a small tube connected with the combustion 
tube by an indiarubber joint. The portion 
of tho cupric oxide mixed with the substance is 
separated from the layer remaining always in the 
tube by moans of a tight plug of asbestos and 
copper gauze, the latter keeping a free passage 
for the gas. 

Tho combustion tube ijiay be open at both 
ends, the rear being connected with an apparatus 
for generating oarbon dioxide, but special pre¬ 
cautions must be taken to obtain this gas free 
from air ( v . Warington, Chem. Soc. Trans. 1882, 
41,340). : 



Fig. 25. 
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The carbon dioxide required for this modifica¬ 
tion of Dumas’ process may be generated in a 
Kipp's apparatus by the action of hydrochloric 
aoid on marble or oaloite. These minerals 
should, however, be boiled with water before 
being used, in order to free them from air. The 
dioxide may also be generated by dropping a 
concentrated solution of potassium carbonate 
(sp.gr. 1*5) into a mixture of water and con¬ 
centrated sulphurio acid. A convenient ap¬ 
paratus in which to effect this operation is shown 
m the accompanying figure (Young and Caud- 



well, J. Soo. Chom. Ind. 1907, 20, 184). Tho 
carbonate solution flows from the dropping 
funnel into the mercury trap and out into the 
Woulff’s bottle through the small hole a. The 
rate of evolution is regulated by the exit tap, 
and a is a safety tube. 

In both Dumas’ method and Simpson’s 
nullification the combustion tube may be drawn 
out at the front end and connected with a 
Sprengel mercury pump by glass tubing joined 
by short pieces of caoutchouc tubing, the joints 
being surrounded by short wide tubes filled 
with water or glycerol. A bulb is blown on the 



horizontal part of the glass tube at the end near 
the combustion tube, and this bulb is kept cool 
during the operation, and serves to condense the 
water whioh is formed. The combustion tube is 
made vacuous, and when no more air issues 
from tne end of the pump, the combustion is 
conducted in the ordinary way, the gas whioh is 
evolved being pumped out by the Sprengel pump 
and collected in a suitable tiTbe. No magnesite 


need be used. The copper oxide keeps the ex¬ 
hausted tube from collapsing when heated. 

In many oases, especially with nitro- deriva¬ 
tives, the gas generated in the exhausted tube 
is a mixture of nitrogeD with nitrio oxide, the 
latter being sometimes present in considerable 
quantity. It is advisable, therefore, to de¬ 
compose the nitrio oxide by using either a 
layer of reduced oopper or a long plug of silver 
gauze placed between the copper oxiae and the 
exit, and by keeping this material heated 
throughout the combustion. 

Liquids in which nitrogen is to be determined 
may be enclosed in bulbs which arc dropped into 
the combustion tubes as in the determination ot 
hydrogen and oxygen. 

Tho copper oxide used in nitrogen deter¬ 
minations snould be prepared by beating metallic 
copper in air and never by ignition of the nitrate, 
since in the latter case it is apt to contain basio 
nitratos which evolve nitrogen on heating. 

The copper used in nitrogen determinations, 
&c., should not bo reduced in hydrogen, since it 
is liable to ocolude this gas. It may be reduoed 
in the mixture of carbon monoxide and carbon 
dioxide obtained by heating oxalio acid with 
strong sulphurio acid. Plugs of copper gauze 
may also be reduced by heating them to redness 
ana dropping them into a test-tube containing a 
few drops of formic acid or methyl alcohol. The 
reduced copper is carefully dried at 100°-110°. 

When no carbonate is used and the gas is 
simply pumped out of the tube and collected 
over mercury, it consists of a mixture of car¬ 
bon dioxide and nitrogon. If the former is 
estimated by absorption with caustic potash, a 
determination of the carbon may be combined 
with that of nitrogen. 

Jannasoh and Moyer have described a method 
for the simultaneous estimation of carbon, hydro¬ 
gen, and nitrogen (Ber. 1886, 19, 949 ; Annalen, 
1886, 233, 37/3 ; Zeitsch anal. Chom. 1887, 26, 
86 ; c/. Bull Soo. chim. 1905, 33, 951). 

D. KjtldahVs method (Zeitsch. anal. Chem. 
1883, 22, 366) The substance is heated with 
concentrated sulphurio acid to a temperature 
approaching the boiling-point of the latter, and 
when decomposition is complete, an excess of 
solid potassium permanganate is added. The 
nitrogen is thus converted into ammonium 
sulphate, which is then distilled with excess of 
alkali and the ammonia collected and estimated. 
This method is economical, requires no com¬ 
bustion furnace or special apparatus, is rapid, 
and requires comparatively little attention, so 
that a large number of determinations oan be 
carried on at the same time. The substanoe need 
not be in a very tine state of division, and the 
method is especially suitable for liquid and pasty 
substances such as extracts. 

It is important that the sulphurio acid em¬ 
ployed for these determinations should be pro¬ 
tected from ammonia, and the caustic soda solu¬ 
tion should be well boiled in order to expel any 
ammonia which it may oontain. The purity of 
the reagents is best ascertained by making an 
experiment with pure sugar. If a small quantity 
of ammonia is present, tne same quantity of the 
reagents should be used in eaoh experiment, and 
a correction made for the ammonia whioh they 
contain. 

In order to prevent bumping during distillation. 
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a small piece of zino may be plaoed in the 
flask, bnt it is essential that the soda should be 
free from nitrates and nitrites, whioh would be 
reduced and yield ammonia. 

The time required for the operation may be 
considerably shortened by using sulphuric acid 
containing sulphurio anhydride or phosphoric 
anhydride. 

The method as thus carried out is applicable 
to all substances which oan be analysed by Will 
and Varrentrapp’s process, and to many others. 

Heffter, Hollrung, and Morgen (Zoitsch. f. 
Chem. 8, 432) treat 1*0—1-5 grams of substance 
with 20 c.o. of a mixture of 4 vols. ordinary 
sulphurio aoid and 1 vol. of fuming acid, and 
2 grams of phosphorus pentoxide. Kreusler 
(Zeitsoh. anal. Chem. 1885, 24, 453) usos sul¬ 
phuric acid containing 200 grams of phosphorus 
pentoxide per litre. 

Wilfarth (Chem. Zentr. [3] 16, 17, 113) finds 
that the oxidation of tne organic matter 
takes place muoh more rapidly in presence of 
certain metallic oxides. Merourio oxide is the 
most efficient, but oupric oxide answers almost 
equally well. The former produces mercuri- 
ammonium derivatives, which are not readily 
decomposed by caustic soda, and hence the 
alkaline liquid must bo mixed with some potas¬ 
sium sulphide to decompose the mercury com¬ 
pounds. The merourio sulphide formed ftiakes 
the liquid boil regularly without the addition 
of zinc. Ulsch recommends the use of ferrous 
sulphrfte instead of potassium sulphide; it may 
be added before the oaustio soda. 

Warington (Chem. News, 1885, 52, 162) 
removes nitrites and nitrates by boiling with 
ferrous sulphate and hydroohlorio acid. 

With a view to seoure the reduction of nitro- 
derivatives, &c., and thus make the process 
generally applicable, Asboth (Chem. Zentr. [3] 
17, 161) mixes 0*6 gram of the substance with 
1 gram of pure sugar in the case of readily 
oxidisable compounds, and with 2 grams of 
benzoic acid in the caso of nitrates and similar 
derivatives. Most probably the benzoio acid 
first forms nitro- derivatives, which are after¬ 
wards reduced. He adds Rochelle salt with the 
caustic Boda in order to prevent preoipitation of 
manganese, Ac., and thus avoids bumping 
during distillation. With those modifications 
the method is applicable to all nitrogen com¬ 
ounds except those of the pyridine and quino- 
ne series. E. Arnold (ib. p. 337) uses 0-5 gram 
of anhydrous cupric sulphate and 1 gram of 
metallic mercury in place of the oxides as 
reoommended by Wilfarth, and heats 1 gram of 
the substanoe with these anc^20 o.o of sulphurio 
aoid containing 20-25 p.o. of phosphoric 
oxide. 

C. Arnold (Arch. Pharra. [3] 24, 785) confirms 
Asboth’s statements, but finds that in addition to 
pyridine and quinoline compounds, azo- deriva¬ 
tives and nitrites yield unsatisfactory results. 
He heats 0-5 gram of substanoe with 0-5 gram 
of anhydrous cuprio sulphate, 1 gram of metallic 
mercury, 2 grams of phosphorio oxide, 1 gram 
of sugar, ana in oose of nitrates, &o., 2 grams of 
benzoio aoid, and 20 c.o. of sulphuric acid. 

Reitmair and Stutzer (Rep. Anal. Chem. 5, 
232; Zeitsch. anal. Chem. 1886, 25, 582) use 
about 0*7 gram of mercurio oxide and 20 c.c of 
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in the case of substances rich in fat. They 
regard the use of phosphorio oxide as unneces¬ 
sary, and the use of fuming sulphuric acid as 
undesirable on account of its liability to contain 
nitrogen oxides. 

Jodlbauer (Chem. Zentr. [3] V, 433) usee 
phenolsulphonic acid in plaoe of benzoio acid, 
and reduces with zino dust. He thus obtains 
good results even with nitrates. Reitmair and 
Stutzer (Hop. Anal. Chem. 7, 4) find that the 
nitrate must be somewhat finely divided; 0-5 
to 1-0 gram of the substance is mixed with 
50 o.o. of sulphuric acid containihg 20 grams of 
phenol per litre, allowed to stand for a short 
time with occasional agitation, mixed with 2-3 
grams of dry zino powder and 1 or 2 drops of 
metallic meroury, and heated in the usual way. 
Conversion into aramoniufh sulphate requires 
ono and a half hours. 

A most important improvement in the 
Kjeldahl process due to Gunning (Zeitsch. anal. 
Chem. 28, 188), consists in the addition of 
potassium sulphate to the concentrated sul¬ 
phurio acid. The solution of potassium hydro- 
en Biilphate in concentrated sulphurio aoid 
oils at a temperature considerably above the 
boiling-point of J-ho strong acid and the oxidation 
of the organio matter is thereby greatly facili¬ 
tated. Various oxidising and catalytic agents 
may be employed in conjunction with this 
mixture, and the following are among the 
many whioh have been suggested in addi¬ 
tion to those already mentioned: platinio 
chloride, ferric chloride, manganese aioxide, 
magnesia, and sodium phosphate. The use of 
otasRium permanganate has now been aban- 
oned, and, in the case of refractory substances, 
oxidation is now generally induced by the 
catalytio action of mercury or its oxido. The 
following process is described by Dyer (Chem. 
Soc. Trans. 1895, 97, 811). The substanoe 
(0-5-5 grams) is introduced into a round- 
bottomed Jena flask, and heated gently with 
20 c.o. of concentrated sulphuric acid containing 
a small globule of mercury. After the initial 
action has subsided, the temperature is raised to 
boiling, and in 15 minutes 10 grams of potassium 
sulphate are added, and the boiling continued 
till the solution is clear and colourless. The 
flask is closed with a loosely fitting bulb stopper, 
from the internal projection of whioh the con¬ 
densed sulphuric aoid drops back into the flask. 
There is, therefore, little loss of aoid except 
through reduction to sulphurous aoid. The pro¬ 
duct is rinsed into a capacious Jena distilling 
flask, rendered strongly alkaline with sodium 
hydroxide, with the addition of a small quantity 
of sodium sulphide, and the liquid distilled in 
a current of steam, the ammonia being collected 
and estimated in the usual way. 

When nitrates are present, Jodlbauer’s 
modification is employed, but the phenol may 
conveniently be replaced by sahoylio acid. 
When the solution or this Bubstanee in concen¬ 
trated sulphurio acid is poured quickly on to 
the weighed material, the loss due to the forma¬ 
tion of lower oxides of nitrogen is avoided, and 
satisfactory results are obtained eve* when 
ammonium nitrate is present. This circum¬ 
stance is of great importance in connection with 
the analysis of compound fertilisers containing 
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aino and mercury are added while the solution 
is still cold, and the former metal allowed to 
dissolve before the mixture is heated. Other 
reducing agents, such as sugar and sodium 
thiosulphate, may be used either alone or in 
conjunction r . with zino. By the aid of this 
modified process satisfactory results are obtained 
in the analysis of organic nitro-,uzo-,and hydrazo- 
derivatives. It has not been found possible to 
obtain correct estimations of nitrogen in sodium 
nitroprusside, phenylhydrazine and its deriva¬ 
tives, and in mixtures containing large propor¬ 
tions of chlofides and nitrates (cf. J. Amer. 
Ohem. Soc. 17, 567; Analyst, 1906, 314; Ber. 
1905, 38, 659 ; Chern. Soc. Proc. 1001, 25, 351; 
1903, 27, 988). 

The literature of nitrogen determinations is 
extremely voluminous. Summaries of contribu¬ 
tions to this subject will be found in Zeitsch. 
anal. Chern. 1884, 23, 551 ; 24, 439 ; 25, 424 and 
671 ; 26, 249; and Chern. News, 1888. 57, 62, 
et seq. In addition to the references already 
given, papers relating to Kjehlahl’s process may 
be found in Zeitsch. anal. Chem. 24, 199, 388, 
and 393 ; 25, 149 and 155 ; 26, 92 ; 27, 222 and 
398. 

Chlorine, bromine, and iodine. 

By lime. A tube about 40 cm. long und 
7 mm. diameter, sealed at one end like a test- 
tube, is filled to a depth of 5 cm. with pure 
granulated quicklime. The substanco is weighed 
into the tube and mixed with finely powdered 
lime by means of a copper wire twisted at the end 
like a corkscrew. The wire and tube arc rinsed 
with lime, the tube is filled to within 5 cm. of 
the open end with granulated lime. The tube 
is gradually heated to redness from the front. 
When cold the contents of the tube are dissolved 
in water slightly acidified with nitric acid, 
filtered, and the halogen precipitated by silver 
nitrate. 

In the case of iodine the substance is dissolved 
in water, filtered, mixed with silver nitrate, and 
finally acidified, in order to avoid liberation of 
iodine. A further precaution consists in adding 
a little sodium sulphite before each addition of 
nitrio acid. 

When the substanco contains nitrogen, cyan¬ 
ides may be formed; but this is avoided by 
using pure soda-lime in place of lime. If tho 
limo contains sulphates, some sulphide is liable 
to "be produced. (On the preparation of pure 
limo, see Zeitsch. anal. Chem. 4, 51 and 16, 5.) 

Liquids are contained in small bulbs with 
capillary openings, which are dropped into 
the tube before filling up with lime. The tube 
must be very gradually heated, and should bo 
longer than usual. 

Carius's method (Annalen, 1860, 116,1; 1865, 
136, 129; Ber. 1870, 3, 697). The substance 
is oxidised by heating with nitric acid in sealed 
tubes in presence of silver nitrate. In many 
oases acid of sp.gr. 1*2 and a temperature of 
120°-200° will suffice; but substances which 
axe more difficult to oxidise require acid of 
sp.gr. 1*42, mixed in special cases with some 
potassium diohromate, or the fuming aoid of 
ip.gr. V5 may be used. If necessary the tubes 
may be heated as high as 300°. The quantity 
of tftid used should not be more than twioe 
that theoretically required for complete oxida¬ 
tion, and the tube must not contain more than 


4 grams of nitric acid for each 50c.o. of its volume. 
If the operation is prolonged, it is desirable to 
reduce the pressure in the tube by opening it 
from time to time by heating the capillary end 
of the previously cooled tube in a flame until 
it softens, when the gas forces its way out. 

The weighed substance is enclosed in a 
narrow tube of thin glass of such length that 
its mouth projects above the nitric acid in the 
tube, and the acid docs not come in contact 
with the substance until the tube is sealed. 
'Tho tubes used should bo about 15 mm. in 
diameter and 1-5-2 mm. thick in the glass. 
After introduction of the substance they are 
drawn out to a capillary tube with thick walls, 
which is then sealed. Tho Boalcd tubes are 
heated in a pressure tube furnace tilted at one 
end so that the capillary ends of the tubes do 
not come into contact with the liquid. After 
being heated, the tubes should on no account 
be removed from the protecting iron or steel 
tube until they have been opened. For this 
purpose the tubes are held in position by means 
of a cork collar through which the capillary 
ends project out of the furnace. The capillary 
end is first gently warmed to volatilise any con¬ 
densed acid, and then heated more strongly 
until the gases under pressure blow a hole 
through the softened tip of the scaled capillary. 
In thVs operation the piessuro of the imprisoned 
gases is very great, and it is extremely dangerous 
to attempt to open the tube with a file. The 
tube furnace should only be used for this pur¬ 
pose within a w'ell-protected enclosure (Fig. 28), 
so as to minimise the personal risks arising from 
explosions of the healed tubes. 



Fig. 28. 


The silver salt formed is rinsed out of the 
opened tube and treated in the usual way. 

For the estimation of iodine in organio com¬ 
pounds this method is to be preferred to the 
lime process, but as the silver nitrate and silver 
iodide frequently form a fused yellow mass, 
the mixture must be extracted thoroughly with 
hot water in order to remove the former salt. 
The silver halide obtained by the Carius method 
is collected in a tared Gooch crucible, washed 
successively with w r ater and alcohol, dried at 
100°, and weighed. 

Stepanovas method. The substanoe is boiled 
with alcohol (20-40 o.o.) and sodium is added 
at such a rate that a vigorous reaction is main¬ 
tained. A large’exoeas of the metal is essential 
XCl-f2Na-bC 2 H,-OH«-XH+Naa+C 3 H,*ONa. 
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When all the sodium has dissolved, 20-40 o.c. of 
water are added, and the alcohol removed by- 
distillation. The aqueous solution is acidified 
with nitrio aoid, and the halogen estimated 
gravimetrically, or tfolumetrically by Volhard’s 
method (Ber. 1906, 39, 4066; cf, Bacon, J. 
Amer. Chem. Soc. 1909, 31, 49). By using the 
latter method and weighing the mixed silver 
halides, the two halogens can be estimated 
indirectly in the same compound. 

Pringsheim’s method consists in burning the 
organic substance with sodium peroxide. Com¬ 
pounds containing more than 76 p.c. of carbon 
are mixed with 18 parts of this oxidising agent, 
and those with 50-76 p.c. of carbon with 16 
parts. Substances containing less than 25 p.c. 
of carbon are mixed with sugar or naphthalene, 
and treated with 16-18 parts of the peroxide. 
The mixture is placed in a steel crucible sur¬ 
rounded by water and having a perforated lid 
through which a glowing iron wire is thrust to 
cause ignition. The product is extracted with 
water, acidified with nitric acid, and the halogen 
estimated in the usual way (Ber. 1903, 36, 4244 ; 
1904, 37, 324 ; 1905, 38, 2459 ; Amer. Chem. J. 
1904, 31, 386; cf. Moir, Chem. Soc. Proc. 1907, 
23, 233 ; Baubigny, Bull. Soc. chim. 1908, (iv.) 
3, 630). 

Sulphur and phosphorus. 

Non-volatile substances. Pure caustic potash 
is fused in a silver dish with about one-sixth its 
weight of potassium nitrate and a little water. 
When cold the substance is weighed into tho 
dish, which is again heated, the substance being 
mixed with the alkali by means of a silver 
spatula. When oxidation is complete, the mass 
is allowed to cool, and is then dissolved in water 
acidified with hydrochloric acid, and the sul¬ 
phuric or phosphoric acid estimated in the usual 
way. 

Carina'* method is carried out exactly as in 
tho estimation of the halogens. Sulphur is 
oxidised to sulphuric acid and phosphorus to 
phosphoric acid. It is advisablo to remove the 
greater part of the nitric acid before precipita¬ 
ting barium sulphate or magnesium ammonium 
phosphate. 

Another method applicable to volatile and 
non-volatile substances is as follows:—Into a 
combustion tube 40 cm. long, sealed at one end, 
is introduced 2-3 grams of pure mercurio oxide, 
then a mixture of the substance with equal pro¬ 
portions of mercuric oxide and pure anhydrous 
sodium carbonate, and the remainder of tho 
tube is filled with sodium carbonate mixed u f ith 
a small quantity of mercurio oxide. The open 
end of the tube is closed by a cork carrying a 
glass tube dipping under %ater, in which the 
mercuiy is condensed. The tube is carefully 
heated so that the front layer of sodium car¬ 
bonate is red hot before the substance begins to 
volatilise. The substance is then rapidly heated, 
so that decomposition is complete in about 
fifteen minutes, and finally the mercurio oxide 
at the rear end of the tube is heated until 
oxygen issues from the end of the delivery- 
tube (Russell, Chem. Soc. Trans. 1854, 7, 212; 
J. pr. Chem. 1865, 64, 230). The contents of 
the cooled tube are dissolved in water, a small 
quantity of bromine water added to oxidise any 
sulphide, the solution acidified with hydrochlorio 
acia, boiled to expel bromine, and the Bulphurio 


acid or phosphoric acid estimated in the usual 
way. 

Many non-volatiic substances may be oxi¬ 
dised by heating with pure concentrated caustic 
potash solution, diluting with twioe the volume 
of water, and treating with a current of chlorine. 
After complete oxidation the solution is acidified, 
heated to expel chlorine, and the sulphurio or 
phosphorio acid determined. 

Arsenic. The estimation of this element in 
organic compounds has recently acquired in¬ 
creased importance owing to tho application of 
these substances in therapeutics. One of the 
earliest methods, due to La Cosfb and Michaelia 
(Annalen, 1880, 201, 224), consisted in mixing 
the substance with soda-1 imo, and heating the 
mixture in a stream of air or oxygen. The 
residue was dissolved in nitric or hydrochlorio 
acid, the arsenic precipitated aB sulphide, and 
afterwards converted into magnesium pyro- 
arsenate. Monthoulc recommends destroying 
the organic matter with nitric acid containing 
magnesium nitrate, when a final ignition leacls 
to the formation of magnesium arsenate (Ann. 
Chim. anal. 1904, 9, 308). 

Pringsheim oxidises the organio arsenic 
derivative with sodium peroxide, and estimates 
the arsenic as-magnesium pyroarsenate (An er. 
Chem. J., 1904, 31, 386). 

The following procedure has been shown 
to be applicable to tho organio arsenical 
drugs now on the market. The substance 
(0*2-0*3 gram) is mixed with 10-15 grams 
of sodium peroxide and sodium carbonate in 
equal proportions, tho mixture heated gently 
in a nickel crucible for 15 minutes, and the 
temperature then raised to dull redness for 
5 minutes. The product is extracted with water, 
25-31 c.e. of sulphuric acid {1:1) added, and 
the solution concentrated to 100o.c.,when 1 gram 
of potassium iodide is added and the liquid 
boiled down to 40 c.c. After destroying any 
trace of iodine w-ith a few drops of sulphurous 
acid, the solution is diluted considerably with 
hot -water, and the arsenio precipitated as sul¬ 
phide. Tho precipitate, after washing three times 
with hot water, is dissolved with 20 c.c. of 
•N/2-sodium hydroxide, and the filtered solution 
treated with 30 c.c. of hydrogen peroxide (20 
vols.), the excess of this reagent being destroyed 
by heating on the water-bath. A few drops 
of phenolpbthaleln are added followed succes¬ 
sively by 11 c.c. of sulphuric acid (1:1) and one 
gram of potassium iodide; the solution is 
evaporated down to 40 c.e, and the pale-yellow 
colour removed by sulphurous acid. Cold water 
is then added, and thodiluted solution neutralised 
with 2JV-sodium hydroxide, and just acidified 
with sulphuric acid. The arsenite solution is 
now titrated with standard iodine solution and 
starch in the nresence of sodium hydrogen 
carbonate or sodium phosphate (Little, Cahen, 
and Morgan, Chem. Soc. Trans. 1909, 95, 1477). 

Antimony. When present in organic com¬ 
pounds, this element may be estimated by acidi¬ 
fying the product of the sodium peroxide fusion 
(t>. Arsenic, supra), and precipitating as'sulphide, 
this precipitate being Collected, washed, and 
weighed in th« manner indicated unefcr Gravi¬ 
metric determinations. 

Oxygen. No satisfactory method has yet 
been devised for 4he direct determination of this 
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aino and mercury are added while the solution 
is still cold, and the former metal allowed to 
dissolve before the mixture is heated. Other 
reducing agents, such as sugar and sodium 
thiosulphate, may be used either alone or in 
conjunction r . with zino. By the aid of this 
modified process satisfactory results are obtained 
in the analysis of organic nitro-,uzo-,and hydrazo- 
derivatives. It has not been found possible to 
obtain correct estimations of nitrogen in sodium 
nitroprusside, phenylhydrazine and its deriva¬ 
tives, and in mixtures containing large propor¬ 
tions of chlofides and nitrates (cf. J. Amer. 
Ohem. Soc. 17, 567; Analyst, 1906, 314; Ber. 
1905, 38, 659 ; Chern. Soc. Proc. 1001, 25, 351; 
1903, 27, 988). 

The literature of nitrogen determinations is 
extremely voluminous. Summaries of contribu¬ 
tions to this subject will be found in Zeitsch. 
anal. Chern. 1884, 23, 551 ; 24, 439 ; 25, 424 and 
671 ; 26, 249; and Chern. News, 1888. 57, 62, 
et seq. In addition to the references already 
given, papers relating to Kjehlahl’s process may 
be found in Zeitsch. anal. Chem. 24, 199, 388, 
and 393 ; 25, 149 and 155 ; 26, 92 ; 27, 222 and 
398. 

Chlorine, bromine, and iodine. 

By lime. A tube about 40 cm. long und 
7 mm. diameter, sealed at one end like a test- 
tube, is filled to a depth of 5 cm. with pure 
granulated quicklime. The substanco is weighed 
into the tube and mixed with finely powdered 
lime by means of a copper wire twisted at the end 
like a corkscrew. The wire and tube arc rinsed 
with lime, the tube is filled to within 5 cm. of 
the open end with granulated lime. The tube 
is gradually heated to redness from the front. 
When cold the contents of the tube are dissolved 
in water slightly acidified with nitric acid, 
filtered, and the halogen precipitated by silver 
nitrate. 

In the case of iodine the substance is dissolved 
in water, filtered, mixed with silver nitrate, and 
finally acidified, in order to avoid liberation of 
iodine. A further precaution consists in adding 
a little sodium sulphite before each addition of 
nitrio acid. 

When the substanco contains nitrogen, cyan¬ 
ides may be formed; but this is avoided by 
using pure soda-lime in place of lime. If tho 
limo contains sulphates, some sulphide is liable 
to "be produced. (On the preparation of pure 
limo, see Zeitsch. anal. Chem. 4, 51 and 16, 5.) 

Liquids are contained in small bulbs with 
capillary openings, which are dropped into 
the tube before filling up with lime. The tube 
must be very gradually heated, and should bo 
longer than usual. 

Carius's method (Annalen, 1860, 116,1; 1865, 
136, 129; Ber. 1870, 3, 697). The substance 
is oxidised by heating with nitric acid in sealed 
tubes in presence of silver nitrate. In many 
oases acid of sp.gr. 1*2 and a temperature of 
120°-200° will suffice; but substances which 
axe more difficult to oxidise require acid of 
sp.gr. 1*42, mixed in special cases with some 
potassium diohromate, or the fuming aoid of 
ip.gr. V5 may be used. If necessary the tubes 
may be heated as high as 300°. The quantity 
of tftid used should not be more than twioe 
that theoretically required for complete oxida¬ 
tion, and the tube must not contain more than 


4 grams of nitric acid for each 50c.o. of its volume. 
If the operation is prolonged, it is desirable to 
reduce the pressure in the tube by opening it 
from time to time by heating the capillary end 
of the previously cooled tube in a flame until 
it softens, when the gas forces its way out. 

The weighed substance is enclosed in a 
narrow tube of thin glass of such length that 
its mouth projects above the nitric acid in the 
tube, and the acid docs not come in contact 
with the substance until the tube is sealed. 
'Tho tubes used should bo about 15 mm. in 
diameter and 1-5-2 mm. thick in the glass. 
After introduction of the substance they are 
drawn out to a capillary tube with thick walls, 
which is then sealed. Tho Boalcd tubes are 
heated in a pressure tube furnace tilted at one 
end so that the capillary ends of the tubes do 
not come into contact with the liquid. After 
being heated, the tubes should on no account 
be removed from the protecting iron or steel 
tube until they have been opened. For this 
purpose the tubes are held in position by means 
of a cork collar through which the capillary 
ends project out of the furnace. The capillary 
end is first gently warmed to volatilise any con¬ 
densed acid, and then heated more strongly 
until the gases under pressure blow a hole 
through the softened tip of the scaled capillary. 
In thVs operation the piessuro of the imprisoned 
gases is very great, and it is extremely dangerous 
to attempt to open the tube with a file. The 
tube furnace should only be used for this pur¬ 
pose within a w'ell-protected enclosure (Fig. 28), 
so as to minimise the personal risks arising from 
explosions of the healed tubes. 



Fig. 28. 


The silver salt formed is rinsed out of the 
opened tube and treated in the usual way. 

For the estimation of iodine in organio com¬ 
pounds this method is to be preferred to the 
lime process, but as the silver nitrate and silver 
iodide frequently form a fused yellow mass, 
the mixture must be extracted thoroughly with 
hot water in order to remove the former salt. 
The silver halide obtained by the Carius method 
is collected in a tared Gooch crucible, washed 
successively with w r ater and alcohol, dried at 
100°, and weighed. 

Stepanovas method. The substanoe is boiled 
with alcohol (20-40 o.o.) and sodium is added 
at such a rate that a vigorous reaction is main¬ 
tained. A large’exoeas of the metal is essential 
XCl-f2Na-bC 2 H,-OH«-XH+Naa+C 3 H,*ONa. 
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dissolve very few other compounds. Three 
grades of light petroleum are now obtainable 
for use as solvents, boiling respectively at 40°-60°, 
60°-80*, and 80°-100°. 

Chloroform readily dissolves oils, fats, and 
similar substances, and is especially useful as a 
solvent for alkaloids. 

The chloro- derivatives of ethane and 
ethylene have been introduced as useful non- 
inflammable solvents for oils, fats, or resins; 
these liquids give a wide range of boiling-points 
and solvent action (Roller, 7th Congress Applied 
Chemistry, 1909). A large number of other 
solvents are applied in certain special cases, and 
among those more commonly employed may bo 
mentioned, acetone, ethyl acetate, amyl alcohol, 
pyridine, aniline, and nitrobenzene. 

The treatment of a solid with a volatile 
solvent must bo conducted in a special apparatus, 
especially if the liquid is to bo heated. Various 
forms of apparatus have been devised for this 
purpose, but there is none more efficient than 
that of Soxhlet (Dingl. poly. J. 232,461). It 
consists of a short wide test tube (e), open at 
the top but closed at the bottom, to which is 
sealed a narrower tube (N) which can bo lilted 
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Fig. 29. Fig. 30. 

into a small weighed flask by means of a cork. 
Communication between the two tubes is made by 
moans of (1) a narrow side tube (s) which opens 
into the bottom of the wider upper tube, forms 
a siphon, and descends through the lower tube 
nearly to the bottom of the flask; and (2) a 
wider side tube (f) which enters the upper tube 
near the top and the lower tube near the junction 
(Fig. 29). A weighed quantity of the substance 
to be treated is placed irya cylinder of filter 
paper open at the top, and introduced into the 
upper tube, or the bottom of the tube is packed 
with purified cotton wool, and the substanoe is 
plaoea upon this. A quantity of the solvent 
rather more than sufficient to fill the upper tube 
to the level of the bend in the siphon, is placed 
in the flask and heated to boiling by means 
of a water-bath. The upper tube is attached 
to a reflux con denser, care being taken that the 
condensed liquid falls directly into the cylinder 
containing the substance. The vapour passes 
up the wide aide tube, is condensed, falls upon 
the substance, and filters through the paper or 
cotton wool. As soon as the liquid rises to the 


bend of the siphon, the latter draws off the clear 
solution into the flask, and the liquid is again 
volatilised whilst the dissolved matter remains 
in the flask. The prooess goes on automatically, 
and the substance oan be extracted many times 
with a small quantity of liquid. When extrac¬ 
tion is complete, the flask is connoted with an 
ordinary condenser, the liquid is distilled off, 
and the residue dried and weighod if necessary. 

A convenient apparatus for treatment with 
solvents in dishes has been described by A. W. 
Blyth (Chein. Soc. Trans. 1880, 37, 140). 

In many cases substanoes in solution can be 
removed and soparated by agitating the liquid 
with some non-misciblo solvent. The alkaloids 
and many awine3 can be removed from aqueous 
solutions by means of other, whilst metallic salts 
are left; fatty substances can bo removed from 
liquids by means of light petroleum, and so oy. 
Extractions of this kind are best made in a 
separator consisting of a somewhat wide tube 
contracted at one end, which is fitted with a cork 
or stopper, whilst tho other end is drawn out 
into a narrow tubo provided either with a stop-, 
cock or an indiarubber tube and a pinch-cock 
(Fig. 30). Tho liquid and the solvent can be 
completely mixed by agitation, and after they 
have separated the lower layer can be drawn 
off. If it is required to remove the supernatant 
liquid in this or any similar case, a somewhat 
narrow tubo is bent twice at right angles, and 
one limb is fitted by means of a cork into a dis¬ 
tilling or other flask, which is connected with 
an aspirator, whilst the other limb of the tube 
is placed in tho liquid. When the aspirator is 
set in action, the liquid is drawn over into the 
flask, from whicii it can be distilled. With care 
a very accurate separation oan be made, and 
the tube is readily rinsed by,drawing some of 
tho fresh solvent through it. This method may 
bo rendered approximately quantitative by cali¬ 
brating the above cylindrical separator (Fig. 30). 

The microscope is of tho greatest service in 
ascertaining whether a substance is a single 
compound or a mixture, and a microscopic 
examination of the various produots obtained 
in the course of a pro*imate analysis affords 
valuable information as to the extent to whioh 
separation has been effected. 

Estimation of Radicals commonly occur¬ 
ring in Organic Compounds. . 

In this section it is only possible to indicate 
briefly a few of the most general methods by 
which certain typical radicals present in organic 
compounds can be estimated. 

Hydroxyl. A known weight of the hydroxylio 
compound is treated with excess of magnesium 
methyl iodide (Grignard’s reagent), and the 
amount of methane evolved is measured in a 
gas burette (Fig. 31). 

R-OH+CH 3 -MgI=R-OMgI-fCH 4 . 

The organio magnesium compound is dis¬ 
solved in dry amyl ether or phenetole, and if the 
hydroxylio compound is too insoluble in either of 
these solvents, it may be dissolved indry. pyridine. 

(Hibbert and Sudborqpgh, Chem. Soc. Trans. 
1904, 85, 933; and Zerewitinoff, Ber. 1907, 40, 
2023.) 

This process has been extended to the 
estimation of sulphydryl- (SH), imino-. and 
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amino- groups, and for all active hydrogen 
atoms (e/. Ber. 1908, 41, 2233 and 3025). 



Methoxyl. 

The estimation of methoxyl, a radioil 
present in many naturally occurring organic 
compounds, is generally accomplished fcy 
Zeisel’s method, which consists in heating the 
substance with concentrated hydriodic acid or 
with a mixture of this acid and acetic anhydride. 
Methyl iodide is evolved and absorbed in alco- 
holio silver nitrate, with the result that silver 
iodide is precipitated, each molecular propor¬ 
tion of this substance being equivalent to one 



methoxyl group. Zeisel’s original apparatus 
f Monatsh. 1885, 6, 989; 1880, 7, 406) has been 
modified subsequently by several investigators 
(M. Bamberger, Monatsh. 1894,15, 904 ; Perkin, 
Ghtan Soc. Trans. 1903, 83, 1367; Hesse, Ber. 
1900, 39, 1142; Decker, Ber. 1903, 36, 2895; 
Hewitt and Moore, Chem. Soc. Trans. 1902, 81, 
318)*. Of these modifications Perkin’s (Fig. 32) 
Is probably the simplest; it consists of a distil¬ 
ling flask, A, with a very long,neck (20-25 cm.) 


heated in a glycerine bath at 130°-140°, a current 
of carbon dioxide being passed through the mix¬ 
ture of substance and concentrated hydriodic 
acid. The heating is continued for one hour, 
and the temperature finally raised, so that the 
hydriodic ac'd boils gently, but without dis¬ 
tilling into the side tube of the distilling flask. 
The methyl iodide is collected in two flasks, b, 
containing alcoholic silver nitrate. The precipi¬ 
tated silver iodide is treated with nitric acid, 
the alcohol evaporated, and the precipitate col¬ 
lected and weighed m the usual manner. 

Hewitt and Jones (Chem. Soc. Trans. 1919, 
115, 193) combine the methyl iodide with pyri¬ 
dine, thus obtaining the iodide in an ionisable 
form whereby it can be estimated volumetrieally. 
The pyridine and its methiodide are diluted with 
water, acidified with nitric acid, a known amount 
of silver nitrate added, and the excess of the 
latter determined by thiocyanate according to 
Volhard’s method. 

Zeisel’s method atid its modifications are 
applicable lo the estimation of cthoxyl, but the 
results obtained are generally less accurate. 

Methyl. 

A further modification of Zcisol’s method 
renders it available for the estimation of methyl 
groups attached to nitrogen. The substance is 
heated with concentrated hydriodic acid and 
dry ammonium iodide, and the methyl iodide 
evolved dealt with in the manner indicated 
above (Herzig and H. Meyer, Ber. 1894, 37, 
319; Monatsh. 1894, 15, 613; 1895, 16, 599; 
1897, 18, 379 ; Kirpal, Ber. 1908, 41, 820). 

Acetyl. 

It is only possible in comparatively few cases 
to determine with certainty by ultimate analysis 
the number of acetyl groups existing in organic 
compounds. For example, the mono-, di-, and 
tri- acetyl derivatives of the trihydroxy benzenes 
have approximately the same percentage com¬ 
position. Those and other similar acetyl deri- 
vates aro hydrolysablo by standard caustic 
alkalis employed in alcoholio solutions, even 
when they are not readily attacked in aqueous 
solutions (Benedikfc and Ulzer, Monatsh. 1887, 
8, 41; Van Romburgh, Rec. trav. ohim. 1882, 
1, 48; R. Meyer and Hartmann, Ber. 1905, 38, 
3956). Acid hydrolysis may be employed in a 
large number of cases and the volatile acetic 
acid distilled into standard alkali, the excess 
of which is determined by alkalimetry. Accord¬ 
ing to Wenzel’s process, the acetyl derivative 
is first hydrolysed by moderately strong sul¬ 
phuric acid (1: 2H a O), and the mixture treated 
with monosodium phosphate and boiled down 
to dryness; the sulphuric acid is fixed as 
sodium sulphate, ane» the acetic acid is distilled 
into a known excess of standard alkali, the 
distillation being carried out under reduced 
pressure (Monatsh. 1893,14, 478; 1897, 18, 659)^ 

The destructive action of strong sulphuric 
acid on organic compounds may be avoided by 
the use of the aromatic sulphonic acids as hydro¬ 
lytic agents. The acetyl compound is distilled 
in steam in a 10 p.c. solution of bonzenesul- 
phonic acid or one of the naphthalenesulphonio 
acids; the distillate, which contains all the 
acetio acid furnished by the hydrolysis, is titrated 
with standard barium hydroxide (Sudborough 
and Thomas, Chem. Soc. Trans. 1905, 87, 
1752). 




ANALYSIS. 


297 


A. O. Perkin hydrolyses the acetyl oompound j 
with alcoholic sulphuric acid, adding fresh aloohol 
from time to time. The ethyl acetate obtained 
in the distillate is then hydrolysed with a known | 
amount of standard caustic alkali, and the 
oxcoss of the latter ascertained with standard 
acid (Cliem. Roc. Trans. 1904, 85, 1462; 1905, 
87, 107; 1907, 91, 1230) 

Carboxyl. 

In many cases the number of carboxyl 
(COjH) groups in an organic compound can be 
determined by the analysis of its neutral salts. 
For this purpose the silver salts are generally 
selected, as they are usually anhydrous, and 
indioate the normal basicity of the organic acid. 
The aromatic hydroxy-carboxylic acids {e..g. 1: 5- 
dinitro-p-hydroxy benzoic acid) take up two 
atoms of silver, one replacing the carboxylic, 
and the other the phenolio hydrogen. Some 
silver salts of organio acids are sensitive to 
light, and others are very explosive. The more 
stable ones can be analysed by direct ignition 
arid weighing the residual silver. In other cases 
the organio matter must be destroyed with 
nitric acid, and the silver estimated as chloride 
in the acid liquid. 

Other metallic salts arc frequently omployed 
in determining the basicity of carboxylic acids, 
and it is advisable before arriving at a final 
conclusion to cstimato the Hictals in a s^-ics of 
these compounds. 

If the molecular weight of a carboxylio acid 
is known, the basicity can often be determined 
by titration with aqueous or alcoholic sodium, 
potassium, or barium hydroxide; the indicators 
generally employed are phenolphthalcin, methyl 
orange, and laemoid. 

The following indirect method has been 
recommended (P. C. Mcllhiney, Amer. Chem. J. 
1894, 18, 408) for the estimation of carboxyl 
groups. The substance (1 gram) is dissolved 
in excess of alcoholio potash, the alcohol being 
at least 93 p.c. The solution is saturated with 
carbon dioxide until the excess of alkali iB 
precipitated as carbonate or bicarbonate. The 
precipitate is collected and washed with alcohol, 
the filtrate is distilled to remove the solvent, 
and the residue containing the potassium salt 
of the organio acid is distilled with 10 p.c. 
aqueous ammonium chloride, the ammonia 
evolved being estimated in the usual way. 
Eaoh molecular proportion of ammonia corre¬ 
sponds with one carboxyl group. This method 
is applicable to tho weaker fatty acids. 


Carboxyl can be estimated by a method 
based on the following reaction:— 
6R-CO l H-f5KI-fKIOa=6R-CO t K4 3I 2 4-3H a O 
The weighed substance is digested for 12 hours 
with an aqueous solution of pure potassium 
iodide and iodate in a stopperec^ vessel. The 
mixture containing the liberated iodine is 
rinsed unto the generating vessel of a gas 
volumeter and treated with alkaline hydrogen 
peroxide, when the oxygon evolved 

I a -f2K0H+H 2 0 2 =2KI+2H a 0+0 l 
is a measure of the carboxyl groups originally 
present (GCOdI EI30 2 ) (Bauinann-Kux, Zeitsch. 
anal. Chem. 1893, 32, 129; Annalen, 1904, 335, 
4; cf. Grogor, Zeitsch. angew. Chem. 1890, 3, 
353, 385). It should be notioed that acidio 
substances not containing^carboxyl groups (e.g. 
picric acid) liberate iodine from the lodide- 
lodate mixture. 

Carbonyl. 

Tho carbonyl group, whether present ir> 
aldehydes R-COTI or ketones R’COR', can be 
detected by means of the following colour- 
reaction. An aqueous or alooholio solution 
of the substance is treated with a 0-5 to 1 p.o. 
solution of the hydrochloride of an aromatic 
meta-diamino" (meta-phenylenediamine or its 
homologues), when in a few minutes an intense 
green fluorescence is developed, which attains 
its maximum intensity after two hours. All 
aldehydes give this reaction, but the mixed 
ketones and ketonic acids do not (Windisoh. 
Zeitsch. anal. Chem. 1888, 27, 514). 

Practically all aldehydes restore the colour 
to tho following solution (Schiff’s reagent). A 
litre of 0-10 p.c. magenta solution is decolourised 
by adding 20 c.c. of sodium bisulphite solution 
(30°Be.) followed after one hour dv 10 o.o. of 
concentrated hydrochloric acicf. (For the ex¬ 
ceptions, cf. Bitt6, Zeitsch. anal. Chem. 1897, 
36, 375.) The reaction has also been utilised 
quantitatively (McKay Chase, J. Amer. Chem. 
Soc. 1906, 28, 1472; Schimmel & Co., Ber. 
1907, 123). 

I’henylhydrazine condenses with aldehydes 
and ketones, yielding phenylhydrazones. When 
the mixture is treated with Febling’s solution 
(70 grams CuS0 4 ,5H 2 0, 350 grams Rochelle 
salt,and 260 grams K()H,in 2 litres), the excess 
of phenylhydrazino is decomposed, evolving 
nitrogen • 

C 8 H 6 -NH-NII g +0=C fl H # -fH,0-fN l , 
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amino- groups, and for all active hydrogen 
atoms (e/. Ber. 1908, 41, 2233 and 3025). 



Methoxyl. 

The estimation of methoxyl, a radioil 
present in many naturally occurring organic 
compounds, is generally accomplished fcy 
Zeisel’s method, which consists in heating the 
substance with concentrated hydriodic acid or 
with a mixture of this acid and acetic anhydride. 
Methyl iodide is evolved and absorbed in alco- 
holio silver nitrate, with the result that silver 
iodide is precipitated, each molecular propor¬ 
tion of this substance being equivalent to one 



methoxyl group. Zeisel’s original apparatus 
f Monatsh. 1885, 6, 989; 1880, 7, 406) has been 
modified subsequently by several investigators 
(M. Bamberger, Monatsh. 1894,15, 904 ; Perkin, 
Ghtan Soc. Trans. 1903, 83, 1367; Hesse, Ber. 
1900, 39, 1142; Decker, Ber. 1903, 36, 2895; 
Hewitt and Moore, Chem. Soc. Trans. 1902, 81, 
318)*. Of these modifications Perkin’s (Fig. 32) 
Is probably the simplest; it consists of a distil¬ 
ling flask, A, with a very long,neck (20-25 cm.) 


heated in a glycerine bath at 130°-140°, a current 
of carbon dioxide being passed through the mix¬ 
ture of substance and concentrated hydriodic 
acid. The heating is continued for one hour, 
and the temperature finally raised, so that the 
hydriodic ac'd boils gently, but without dis¬ 
tilling into the side tube of the distilling flask. 
The methyl iodide is collected in two flasks, b, 
containing alcoholic silver nitrate. The precipi¬ 
tated silver iodide is treated with nitric acid, 
the alcohol evaporated, and the precipitate col¬ 
lected and weighed m the usual manner. 

Hewitt and Jones (Chem. Soc. Trans. 1919, 
115, 193) combine the methyl iodide with pyri¬ 
dine, thus obtaining the iodide in an ionisable 
form whereby it can be estimated volumetrieally. 
The pyridine and its methiodide are diluted with 
water, acidified with nitric acid, a known amount 
of silver nitrate added, and the excess of the 
latter determined by thiocyanate according to 
Volhard’s method. 

Zeisel’s method atid its modifications are 
applicable lo the estimation of cthoxyl, but the 
results obtained are generally less accurate. 

Methyl. 

A further modification of Zcisol’s method 
renders it available for the estimation of methyl 
groups attached to nitrogen. The substance is 
heated with concentrated hydriodic acid and 
dry ammonium iodide, and the methyl iodide 
evolved dealt with in the manner indicated 
above (Herzig and H. Meyer, Ber. 1894, 37, 
319; Monatsh. 1894, 15, 613; 1895, 16, 599; 
1897, 18, 379 ; Kirpal, Ber. 1908, 41, 820). 

Acetyl. 

It is only possible in comparatively few cases 
to determine with certainty by ultimate analysis 
the number of acetyl groups existing in organic 
compounds. For example, the mono-, di-, and 
tri- acetyl derivatives of the trihydroxy benzenes 
have approximately the same percentage com¬ 
position. Those and other similar acetyl deri- 
vates aro hydrolysablo by standard caustic 
alkalis employed in alcoholio solutions, even 
when they are not readily attacked in aqueous 
solutions (Benedikfc and Ulzer, Monatsh. 1887, 
8 , 41; Van Romburgh, Rec. trav. ohim. 1882, 
1, 48; R. Meyer and Hartmann, Ber. 1905, 38, 
3956). Acid hydrolysis may be employed in a 
large number of cases and the volatile acetic 
acid distilled into standard alkali, the excess 
of which is determined by alkalimetry. Accord¬ 
ing to Wenzel’s process, the acetyl derivative 
is first hydrolysed by moderately strong sul¬ 
phuric acid (1: 2H a O), and the mixture treated 
with monosodium phosphate and boiled down 
to dryness; the sulphuric acid is fixed as 
sodium sulphate, ane» the acetic acid is distilled 
into a known excess of standard alkali, the 
distillation being carried out under reduced 
pressure (Monatsh. 1893,14, 478; 1897, 18, 659)^ 

The destructive action of strong sulphuric 
acid on organic compounds may be avoided by 
the use of the aromatic sulphonic acids as hydro¬ 
lytic agents. The acetyl compound is distilled 
in steam in a 10 p.c. solution of bonzenesul- 
phonic acid or one of the naphthalenesulphonio 
acids; the distillate, which contains all the 
acetio acid furnished by the hydrolysis, is titrated 
with standard barium hydroxide (Sudborough 
and Thomas, Chem. Soc. Trans. 1905, 87 , 
1752). 




ANALYSTS. 


299 


applied to any great extent for technical pur¬ 
poses. The value of such determinations is now 
generally recognised on account of the informa 
tion which they give respecting the efficiency of 
oombustion, the progress of operations in which 
gases are consumed or produced, and the like. 

With few exceptions the volumetric and not 
the gravimetric composition of the gag is 
required, and the measurements are essentially 
measurements of volumes. The gas to be ex¬ 
amined is confined over mercury or water in a 
suitable measuring apparatus, and its composi¬ 
tion is determined (1) by treatment with ap¬ 
propriate absorbing reagents and measurement of 
the contraction produced ; (2) by exploding with 
oxygen or hydrogen and measuring the contrac¬ 
tion ; (3) by exploding with oxygon or hydrogen, 
measuring the contraction, and then treating 
with absorbing reagents, and measuring the; 
seoond contraction. Sulphur dioxide and some . 
other gases soluble in water are estimated by j 
titration, a definite volume of the gas being j 
drawn through a measured quantity of a standard j 
solution, the excess of which is afterwards de¬ 
termined. 

The highly refined and accurate methods of j 
gas analysis employed for purposes of research 
are of little value for technical purposes on | 
account of tho length of time required for their 
execution. Information respiting these nwthods 
may be found in Bunsen’s Casometrische 
Methoden, 2nd ed. 1887; Sutton’s Volumetric | 
Analysis, 9ib ed. 1904; Dittmar’s Exercises in I 
Quantitative Analysis, 1887; Hempel’s Gas- I 
analytische Methoden, 3rd od. 1900; Travors’! 
Experimental Study of Gases, 1901; v. also ! 
'Thomas (Chem. Soc. Trans. 1879, 35, 213), and 1 
Meyer and Seubert (Chem. Soc. Trans. 1884, 1 
45, 681). In this article only those methods j 
will be described which are available for technical 
purposes. I 

Measurements. —Tho volume which a given • 
mass of gas occupies depends on the tempera¬ 
ture, the pressure, and the proportion of mois¬ 
ture w'hich it contains. The temperature is as¬ 
certained by means of a thermometer attached 
to or suspended near to tho measuring vessel. 
Measurements are usually made under atmo- 


spherio pressure, and this is determined bv means 
oi a barometer placed in the room in whioh the 
analysis is maae. The siphon barometer is a 
convenient form of instrument for the purpose* 
and should stand on the table olose to the gas 
apparatus. In case tho level of the mercury or 
water in the measuring tube is higher than that 
in the trough or the attached tube, the true pres¬ 
sure upon the gas is given by the height of the 
barometer minus tho difference between the 
mercury level inside and outside the tube. If 
water is used, the height of the water column 
divided by 13*6 gives the height of the corre¬ 
sponding column of mercury with sufficient ac¬ 
curacy. It is bettor to eliminate this correction 
by adjusting the liquid so that it is at the same 
level both inside and outsido the tube, whioh is 
easily done. 

Tho gas must bo eitEer perfectly dry or 
saturated with moisture. If an indefinite 
quantity of water vapour is present, accurate 
measurements are impossible. It is more con¬ 
venient to measure the gas when moist, and 
'hence if the gas is confined over meroury a few 
drops of water are introduced when the tube is 
filled with the mercury and this water is taken 
up by the gas. Under these conditions tho sur¬ 
rounding pressure is balanced partly by the gas 
and partly by the aqueous vapour whioh it con¬ 
tains, and in order to ascertain the pressure 
which tho gas itself is under, the tension of 
aqueous vajKiur at tho particular temperature 
must bo subtracted from tho height of tho 
barometer. The formula for reducing tho 
volume oi gas to the standard temperature and 
pressure (0° and 700 mm.)js: 

V __ V + 273 X-(B “ /) or V __V XjB — /) 

o (273 + 0X 700 0 # (1 +00638«X760) 

in w'hich V is the actual reading *; t, the tempera¬ 
ture ; /, tho tension of aqueous vapour at the 
temperature, i; and B, the hoight of the baro¬ 
meter. The reduction of the height of the 
barometer to 0° is necessary for accurate calcula¬ 
tion, but may usually be omitted. The following 
! table, abbreviated from Bunsen’s Gasometrische 
; Methoden, gives the value of l-f0-00366$ for the 
ordinary range of temperature :— 



Number 

Log 

t° 

Number 

Log 

t° 

Number 

Log 

0* 

1-00000 

0-00000 

11* 

1-04026 

0-01714 

21° 

1-07686 

0-03216 

1 

1-00360 

0-00159 

12 

1-04392 

0-01867 

22 

1-08052 

0-03303 

2 

1-00732 

0-00317 

13 

1 -04758 

0-02019 

23 

1-08418 

0-03610 

3 

1-01098 

0-00474 

14 

1-05124 

0-02170 

24 

1-08784 

0-03656 

4 

1 *01404 

0-00631 

15 

1-05490 

0-02321 

25 

1-09150 

0-03802 

5 

1-01830 

0-007^8 

16 

1-05856 

0 02471 

26 

1-09516 

0-03948 

6 

1-02106 

0-00943 

17 

1-0G222 

0-02621 

27 

1-09882 

0-04093 

7 

1-02562 

0-01099 

18 

1-46588 

0-02771 

28 

1-10248 

0-04237 

8 

1-02928 

0-01253 

19 

1-00954 

0-02921 

29 

1*10614 

0-04381 

9 

10 

1*03294 

1*03060 

0-01407 

0-01501 

20 

1-07320 

0-03008 

30 

1*10980 

0-04524 


When the est .mations are made rapidly, and 
only approximate results are required, the cor¬ 
rections for temperature and pressure are 
Emitted, since it may be assumed that they 
remain constant during the analysis. 

The following plan, described by Winkler, | 


renders the use of the barometer and thermo-, 
meter unnecessary, and makes the calculation 
much simpler, it is an adaptation of»William- 
son and Russell’s method of always measuring 
the volume of.the gas at the same degree of 
j elasticity. A tulpe about 1 metre long, closed 
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at one end and graduated to 120° o.c. in tenths 
is moistened internally with a few dropB of water, 
and mercury is poured in in such quantity that 
when the tube is inverted the mercury stands 
somewhat higher than 100. The volume whioh 
100 c.c. of air measured at standard temperature 
and pressureSthould occupy under the conditions 
described, is calculated from the expression: 
y (780-4-6) 100X(273+^ (760 - 4-5)100X1+000306*} 

” 273(B-/) or B-/ 

and air is carefully introduced into the tube until, 
when the meroury. is at the same level inside 
and outside tlffe tube, it stands exactly at the 
calculated volume. The tube now contains a 
quantity of gas saturated with moisture, which, 
under standard conditions, would occupy 100 c.c., 
but its actual volumo varies in the same ratio as 
the volume of gas to bo moasured. The two 
tubes are allowed to stand side by side, and 
.when the levels have been properly adjusted in 
eaoh oase the volume of the gas to bo measured 
and the volumo of the air in the comparison tube 
are read off. The volume (under standard 
conditions) of the gas under examination is 
obtained by the proportion 

V : V 0 :: V,': V 0 ', 

in which V is the actual volume of air in the 
comparison-tube ; Vp, its volume undor standard 
conditions, which is always 100; V,', the 

observed volume of tho gas to bo measured ; 
and V 0 ', its volume under standard conditions. 

During the operations the temperature 
should be kept as constant as possible, and the 
readings should bo taken rapidly, otherwise the 
proximity of the body will cause variations in 
the temperature of the gas. It is an advantage 
to have the measuring tube surrounded l>y a 
wider tube whi^h* is filled with water. The most 
accurate method is to take the readings through 
a carefully levelled telescope (a cathetometer) at 
a distance of about five or six fict. This also 
avoids parallax. The measuring tube must be 
kept vertical, and when water is the confining 
liquid, suffioient time must be given for the 
diquid to run down the sides of the tube. Not 
unfrequently this requires several minutes. 

Reagents. 

All liquid reagents should be saturated with 
thOjgaaes which they do not absorb chemically. 
It is desirable that the tensions of theso gases 
in the liquids should be approximately equal to 
their tensions in the gases which are to be 
analysed, in order to avoid exchanges between 
the gas and the absorbing liquid. This is best 
secured by going through the process two or 
three times without making measurements, 
whenever the pipettes have been freshly filled. 
Liquids used for the analysis of, say, flue gases, 
should not be used for gases of a different cha¬ 
racter, _ i.t. which contain the constituents in 
very different proportions. 

Bromine water is used for absorbing olefines. 
It should be well saturated with bromine and 
kept in the dark. 

Cuprous chloride is made by dissolving CO 
grams of cuprio oxide* in hydrochloric acid, add¬ 
ing "60 frams of copper, and boiling for some 
timtf with as little exposure to air as possible. 
The solution is then diluted to 1000 o.c. with 
hydrochloric acid of sp.gr. 1 *42, and allowed to 


remain in contact with metallio copper in a closed 
vessel until the solution becomes colourless. 
This solution attaoks mercury rapidly. 

Cuproso-ammonium chloride , obtained by 
dissolving cuprous chloride in ammonia, does 
not attack mercury. 

The stock solution is made by dissolving 
200 grams of cuprous chloride and 250 grams of 
ammonium chloride in 750 c.e. of water; it is 
kept in stoppered bottles, and, when required, 
mixed with one-third its volume of ammonia 
solution (sp.gr. 0-91). 

Hydrogen is obtained by the action of dilute 
sulphuric acid on pure zinc. Tho granulated 
zino may be placed in a small bottle fatted with 
a capillary delivery tube, which can be closed by 
a tap or pinch-cock. The bottle has a tubulus at 
the bottom, and is connected by a caoutchouc 
tube with a similar bottle containing dilute sul¬ 
phuric acid. The latter bottle is raised so that 
the acid runs on the zinc, and the action is 
allowed to proceed until the air is completely 
expolled from the first bottle. The tap is then 
closed, and tho acid is driven back into the second 
bottle by the pressure of the hydrogen. It is 
advisable to keep the second bottle at a slightly 
higher level than tho first, to avoid any chance 
of air leaking in. Ono of Hempel’s tubulated 
absorption bulbs answers admirably (Fig. 41). 
The 3^nc is attached to a cork, which is inserted 
in the tubulus of the first bulb, and the acid is 
introduced. When all air is expelled, the capil¬ 
lary tube is closed, and the aoid is driven up into 
the second bulb, so that the pipette is always 
charged with hydrogen under pressure. 

Oxygen is obtained in a pure state by heating 
potassium chloride without manganese dioxide. 
The powdered chlorate is contained in a glass 
bulb, the neck of which is drawn out to form a 
narrow delivery tube. 

Phosphorus is employed in the form of narrow 
sticks, which are made by melting it under warm 
water and drawing it up into narrow glass tubes. 
The upper ends of the tubes are closed by the 
finger, and they are plunged into cold water, 
when the phosphorus solidifies. It may also 
be used in a granular form, obtained by shaking 
the phosphorus vigorously with warm water in s 
well-closed flask until it solidifies. 

Caustic potash (or soda ) for Orsat'a apparatus 
is dissolved in three parts of water, and the solu¬ 
tion kept in well-stoppered bottles. Hempel 
uses a solution of caustic potash in two parts of 
water, which will absorb forty times its volume 
of oarbon dioxide. It may, however, be used 
somewhat more dilute, and is then less liable to 
attack the glass. 

Pyiogallol is kept in the solid state, and only 
dissolved immediately before being used. Orsat 
rqpommends a solution of 25 grams of pyrogallol 
in a small quantity of hot water, mixed with 
160 o.o. of a solution of 1 part of caustic soda in 
3 parts of water. Hempel uses a mixture ot 
25 c.c. of a 20 p.c. solution of pyrogallol with 
75 c.c. of 33‘3 p.c. cauatio potash solution. 
This quantity will absorb 200 o.o. of oxygen. 

Shipley (J. Amer. Chem. Soc. 1916, 38, 1687) 
found the most effective solution was prepared 
by adding 40 c.c. of water to 100 grams pyrogallol 
and adding 100 c.c. of 49 p.c. sodium hydroxide 
solution. No carbon monpxide is evolved from 
a solution of this strength." 
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Anderson (J. Ind. and Eng. Chem. 1915, 7. 
587) recommends a solution of 15 grams pyro- 
gallol in 100 c.c. potassium hydroxide solution 
of sp.gr. 1*55. 

Sulphuric acid of Bp.gr. 1*84 is used as a 
drying agent and for the absorption of nitrogen 
oxides. Acid of the same strength mixed with 
so much sulphuric anhydride that it remains 
liquid at the ordinary temperature but solidifios 
if cooled, is used for absorbing ethylene and 
other hydrocarbons. 

Water, which is very largely used for con¬ 
fining the gases, should be well saturated with 
air, Dut should not contain carbon dioxide. 
Distilled water is preferable, but any potable 
water of good quality may be used. 

Standard solutions used in the estimation of 
gases by titration are known as normal gas 
solutions when they are of such strength that 
1 o.o. of the solution is equivalent to I c.c. of 
the gas under standard conditions. A normal 
gas solution of iodine for the estimation of 
sulphur dioxide would contain 11’333 grams of 
iodme per litre, and the thiosulphate solution 
used in conjunction with it would be of equiva¬ 
lent strength. 

In many cases it is the weight of the absorbod 
constituent per cubic metre or cubic foot of gas 
that is required, and the ordinary standard 
solutions may be used. • 4 

Methods of estimation. 

Ammonia-, by titration. 

Benzene, by absorption in fuming nitric acid 
boiling at 86°, the nitrogen oxides being then 
removed by caustic potash. Fuming nitric acid 
also absorbs oarbon dioxide and carbon mon¬ 
oxide. Like the olefines, benzone is absorbed 
by fuming sulphuric acid and by bromine water, 
and in faot no absorption method is at present 
known by means of which benzene and the 
olefines can bo separated (Ber. 1888, 21, 3131). 

Carbon dioxide, by absorption in potassium 
or sodium hydroxide. 

Carbon monoxide, by absorption in a satur¬ 
ated solution of cuprous chloride in hydrochlorio 
aoid or ammonia. It seems (Ber. 1887, 20, 
2754) that these solutions aro liable to give off 
part of the dissolved carbon monoxide, especially 
after they have been used repeatedly. The 
error is less with the ammoniacal solution, and is 
reduced if the solution remains in contact with 
the gas for some time. The cuprous chloride 
solution should always be tolerably fresh, and- 
should be saturated with hydrogen, nitrogeD, 
and the other gases which usually ocour with 
carbonio oxide (Ber. 188& 21, 898). If the 
amount of carbon monoxide is small, it should 
be converted by combustion ( v. Hydrogen) into 
carbon dioxide, which is afterwards absorbed 
by caustio potash. If the amount of oarbon 
monoxide is large, the greater part may be ab¬ 
sorbed by cuprous chloride, and the remainder 
removed by combustion and absorption. 

The estimation of small quantities of carbon 
monoxide iff air or other comparatively inert 
gases oan be effected by passing the dried gas 
over solid iodine pentoxide. At temperatures 
varying from 40°-I50° the following reaction 
occur*: IiOj-J-SCOsaSCO,-}-1 2 . Either of the 
volatile products can be estimated : the iodine 
volumetrically by standard thiosulphate, or 


graviiuetrically by absorption in a weighed tube 
containing copper powder; tlie carbon dioxide 
mav be absorbed in standard barium hydroxide, 
ana the excess of the latter titrated with oxalic 
acid. If carbon dioxide is present in the gas 
under examination, it is first removed by 
potassium or barium hydroxide. Below 60° no 
hydrocarbon except acetylene reduces iodic 
anhydride. At higher temperatures several 
unsaturatwl hydrocarbons have an appreciable 
action. Ethylene hinders the oxidation of 
carbon monoxide by the iodine pentoxide. The 
process is applicable to air containing one part 
of carbon monoxide in 30,000, and is usod for 
estimating the monoxide occluded in steel 
(Gautier, Conipt. rend. 1898, 126, 871, 1299; 

, Jean, i bid. 1902, 135, 746 ; J. Amer. Chem. Soo. 
1900, 22, 14 ; 1907, 29, 1589; Ann. Chim. anal. 
1910, 15, 1). # 

Hydrogen is converted into water by oombus- 
tion with air or oxygen, and the volume of the 
hydrogen is represented by two-thirds of the con¬ 
traction consequent upon combustion. If the 
gas is confined over mercury, an excess of pure 
oxygen is introduced, the volume read off, and 
the pressure on the gas reduced considerably 
below atmospheric pressure by lowering the 
mercury in the level tube. The lower end of the 
explosion tube is closed, and combination is 
initiated by passing a spark from a coil between 
the platinum wires which are fused into the tube. 
The pressure is restored to the normal, and when 
the gas has cooled the volume is again read off. 

When the gas is confined over water it is 
almost impossible to obtain satisfactory com¬ 
bustion, and it is much more convenient to pass 
the combustible mixture over gently heated 
spongy palladium. This is prepared by dis¬ 
solving about two grams of palladium chloride 
in a small quantity of water, adding a snjall 
quantity of a saturated solution of sodium 
formate and sodium oarbonate until the re¬ 
action is alkaline. About 1 gram of long 
and very soft asbestos fibres is introduced, ana 
the pasty mass is dried at a gentle heat. In this 
way the asbestos is obtained covered with very 
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finely divided palladium. After beiLg completely 
dried at 100°, itt is carefully washed with water 
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to remove soluble gaits and again dried. Some 
of the fibres are moistened and twisted into a 
thread about 1 cm. long, whioh is then intro¬ 
duced into the middle of a stout capillary tube, S, 
about 16 cm. long and 1 mm. internal, diameter, 
and this tuba is bent at a right angle at each end. 
or in any other way convenient for its attach¬ 
ment to the measuring apparatus containing the 
gas. One end of the capillary is in communica 1 
tion with the graduated tube, a, and the other 
with a bulb pipette, c, filled completely with 
water, into which the gas is passed. A small gas 
or spirit-lamp flame is arranged to heat that part 
of the capillary which contains the asbestos. 
When the other gases have been estimated, the 
mixture of hydrogen and nitrogen which remain 
is mixed with air by lowering the level-vessel 
until the pressure is sufficiently reduced, and 
then putting the measuring tube in com¬ 
munication with the air. The stop-cock is then 
closed, the asbestos very gently heated, and the 
as passed slowly through the capillary into the 
ulb and back again three or four times. When 
combustion is complete, the volume of tho 
residual gas is measured. 

This method may be employed in estimating 
hydrogen in the presence of methane, since the 
latter is not burnt under these conditions, pro¬ 
viding that the temperature does not exoeed 
600* (J. Soo. Chem. Ind. 1903, 22, 926; 1906, 
24, 1202; Zeitsch. angew. Chem. 1903, 16, 695) 

The palladinised asbestos can be used in 
promoting tho oombustion of oarbou monoxide. 

Drehsohmidt (Ber. 1888, 21, 3246) profers a 
platinum tube 20 cm. long and 2 mm. thick, with 
a bore 0'7 mm. diameter. Tho bore is almost 
closed by the insertion of a palladium wire ex¬ 
tending through fhe whole length of the tubo. 
The tune is attached to a burette and an absorp- 
tiqn pipette in the samo manner as the glass 
tube; 6 to 6 om. are heated to redness by means 
of a gas flame, and the gas is passed backwards 
and forwards until there is no further alteration 
of volume. No explosions occur even with 
mixtures of hydrogen and oxygen containing 
only a slight excess of tho latter. 

Hempel has applied the well-known absorp¬ 
tion of hydrogen by palladium to the estimation 
of this gas. Pure palladium is indifferent 
towards hydrogen in the presence of methane 
and nitrogen, but when it contains a little pall a- 
dious oxide combustion of some of tho hydrogen 
occurs, and the heat generated ensures the 
absorption of the remainder. Palladium sponge 
is heated and allowod to cool slowly so that it 
becomes superficially oxidised. A U-tube of 
4 mm. internal diameter and 20 cm. total length 
iB charged with 4 grams of this oxidised sponge 
and maintained at 90°-100 # by immersion in a 
beaker of hot water; this tube is interposed 
between the gas burette and a pipette filled with 
water. The absorption is effcoted by siphoning 
the gas baokwards and forwards through the 
palladium sponge. 

Hydrogen chloride, by titration 

Hydrogen sulphide, by titration. 

Hydrooarbons other than olefines are esti¬ 
mated bjf combustion, preferably with oxygen 
over qaeroury under reauoed pressure. Acety¬ 
lene and benzene may be burnt over palladium, 
but require a somewhat high temperature. 
Methane cannot be burnt in inis way even in 


presence of hydrogen. The combustion of this 
gas is effected by mixing it with a considerable 
quantity of air and aspirating the mixture 
through a short tube containing cuprio oxide 
heated to .redness in a small oombustion furnace, 
tho carbon dioxide which is produced being 
absorbed in standard baryta solution, which 
is afterwards titrated with standard oxalio aoid. 

Drehschmidt finds (Ber. 1888, 21, 3249) that 
a mixture of methane and oxygen can readily be 
burnt in a platinum tube, as above, if tho latter 
is heated to bright redness. The contraction 
is observed, and the carbon dioxide formed is 
removed and the volume again measured. 

Nitric oxide is converted into peroxide by 
admixture with oxygen, and the peroxide is 
absorbed by caustic potash, tho cxceas of oxygen 
being after wards absorbed by alkaline pvTogallate. 
Nitric oxide may also bo absorbed by a con¬ 
centrated solution of ferrous sulphate, but 
this mothod does not give such satisfactory 
results. 

Nitrogen peroxide and nitrous anhydride, by 

titration ; by absorption with sulphuric acid of 
sp.gr. 1-84; or, in absence of carbon dioxide 
and other absorbable gases, by absorption with 
causfcio potash. 

Olefines, by absorption with fuming sulphurio 
acid, acid vapours being removed oy caustic 
potasff; or by absorption in bromine water, 
bromine vapours being afterwards removed by 
caustic potash. 

Oxygen, by absorption with alkaline pyro 
gallate. If the oxygen is present in greater nro 
portion than 20 p.c. a small quantity of oarbon 
i monoxide Is evolved from the pyrogallol during 
absorption, and hence the results are slightly too 
low. After treatment with pyrogallol the gas 
may be passed into the cuprous chloride bulbs 
'in order to remove any carbon monoxide that 
may have been formed. Usually, however, this 
error has no material influence on tho results. 
Oxygen may also bo absorbed by phosphorus, 
and this has tho advantage that the presence of 
carbon dioxide is without influence on the result. 
The temperature, however, must not be below 
18°, and tho absorption is prevented by the 
prosonce of ammonia, olefines, and other hydro- 
carbons, alcohol, &c. 

Sodium hydrosulphite has been recommended 
as an absorbent for oxygen, the reaction 

Na a S a 0 4 -f H 8 0-f 0=2NaHSO, 

•taking plaoo readily at low or high temperatures. 
Tho solution contains 60 trams of the salt and 
40 o.c. of sodium hydroxide (5 : 7) in 250 o.o. of 
water, and is used ir^a pipetto filled with rolls of 
iron-wire gauze (Ber. 1906, 39, 2069). 

Oxygen may also be estimated by combustion 
with hydrogen, either explosively the spark 
or over palladium-asbestos. The .hydrogen 
should be evolved from commercial ‘ pure * zinc 
and pure dilute sulphuric acid, or in special oases 
from magnesium and sulphurio acid. One-third 
of the contraction consequent upon oombustion 
gives tho volume of the oxygen. 

Sulphur dioxide, by titration. 

In the ordinary gases from flues, generators, 
&c., the constituents are estimated in the follow¬ 
ing order : Carbon dioxide, olefines and benzene, 
oxygen, carbon monoxide, hydrogen, methane, 
nitrogen (as residue or by difference). 
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It acid vapours are present t-ogether with one 
or more of the above gaBes, the order of absorp¬ 
tion, &c., must be determined by circumstances. 

Apparatus and manipulation. 

Collecting samples .—The gas to be analysed 
is usually drawn from the flue, chamber, &c., by 
aspirating it through glass tubes, which may be 
termed conducting tubes. When the tempera¬ 
ture is high, porcelain tubes may be used ; or if 
the gas has no acid properties, iron tubes can be 
employed. When samples are constantly taken 
from the same fluo, &c., it is convenient to have 
a short piece of porcelain or iron pipe cemented 
into the wall ana closed at the outer end with a 
plug, which is readily removed when the sample 
is taken. In cases where the gases are originally 
at a high temperature and possibly in a Btate of 
partial dissociation, it is important to draw the 
sample slowly through a somewhat long tube in 
order that the gas may cool slowly, since rapid 
cooling of the gases may leave them in a partially 
dissociated condition and thus iead to erroneous 
results. 

The sample may be conveniently collected in 
the measuring apparatus itself; but where this 
is not possible, a cylindrical glass tube a, drawn 
out at the upper end and connected with a stop¬ 
cock and capillary tube, and 
drawn out aft the lower e#I and 
connected by caoutohouo tubing 
with a similar tube b, open at 
the top, makes a convenient 
sampler. The collecting tube 
may with advantage be pro¬ 
vided with a stop-cock at the 
bottom. The vessel A is com¬ 
pletely filled with water or mer¬ 
cury by raising b to a higher 
level, and the upper stop-cock 
is closed. The capillary tube is 
connected with the conducting 
tube, and the vessel b is lowered 
so that when the stop-cock is 
slowly opened the gas is drawn 
into a, and the water or mercury 
collects in b. When a is filled the 
stop-cocks are closed. The gas 
is readily transferred from a to the measuring 
vessel by raising B and oarefully opening the 
stop-cock. 

In all cases the air in the conducting tube 
must be expelled, and this is done by placing a 
T-tube between the end of the tube and the 
collecting vessel. This T-piece is connected 
with an aspirator, and the tube is filled with the 
gas before the stop-cock of tho collecting vessel is 
opened. When the collecting vessel is provided 
with a three-way cock, the aspirator may be 
connected •directly with the latter. Vari®us 
forms of aspirator may be used. When the 
volume of gas to be aspirated is small (e.g. in 
removing air from the conducting tube), a small 
globular indiarubber aspirating pump is vory 
convenient. For larger quantities of gas, glass 
bottles with a tubulus or stop-cockatthe bottom 
and a tube or stop-cock at the top, or similar 
vessels of sheet zinc, may be used (Figs. 36 and 37). 
They are filled with water, the upper tube being 
connected with the tube which passes into the 
flue, and the water is allowed to flow from the tap 
at the bottom. The volume of eras asnirated is 
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determined by measuring the volume of water 
which flows from tho aspirator, and correcting 



Fig. 36. Fio 37. 


this volume for temperature, &c., in the usual 
way (t>. Aspirator). • 

When aspiration is to be continued for a loflg 
time, one of the various forms of water pump 
may be used. The volume of air aspirated in a 
given time with a given pressure of water may 
be determined once for all by direct measure¬ 
ment, or a small gas meter may be placed between 
the pump and the vessel into which the gas is 
passed. 

If the gas has to be kept for some time before 
analysis, or if ft has to be transported from one 
place to another, it may bo collected in glass 
tubes which have previously been drawn out at 
each end. As soon as the tubes are full, the ends 
are closed by stoppers of indiarubber tubing and 
glass rod, or are hermetically sealed by fusion. 
If the quantity of gas is large, cylindrical zinc 
vessels with conical ends closed by indiarubber 
corks answer very well. 

(For other forms of gas-samplers, t>. J. Soc. 
Chem. Ind. 1889, 8, 170; 1903, 22, 190.) 

Estimations by titration .—A measured quan¬ 
tity of the appropriate standard solution^ is 
plaoed in a. flask or a Woulff’s bottle fitted with 
two tubes, one of which dips into the liquid and 
is connected with the tube placed in the flue, 
&c., whilst the other ends just below tho cork 
and is connected with an aspirator. After 
aspiration has been continued for a sufficient 
length of time, the excess of reagent is deter¬ 
mined by titration. The volume of gas aspirated 
is determined by tho volume of water whioh has 
run from the aspirator or by means of a gauge 
attached to the aspirator. This volume of 
water, however, represents a volume of gas 
saturated with moisture and at a temperature 
and pressure whioh must be determined by 
means of a thermometer attached to the aspirator 
and a barometer in close proximity ; the volume 
under standard conditions is calculated in the 
usual way. In calculating the percentage com¬ 
position of the gas, it must be borne in mind that 
the original volume of the gas was the sum of the 
volumes of the absorbed constituent and the 
volume which has passed into the aspirator. 

If Fj is tho volume of the absorbed gas, and 
F, the volume whioh has passed into the aspira¬ 
tor, both undor Standard conditions, then 

““ P cr oenfc - °* ky volume. 

1 This method may be applied in the qatimation 
of— 

Ammonia, by absorption in sulphurio aoid 
and titration with alkali. 

C.arhon dloxMe fin small Quantities), bv 
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Sorption in standard baryta solution and 
titration with ox&lio acid. 

Chlorine, by absorption in a standard solu¬ 
tion of arsenious oxide in sodium carbonate, 
and subsequent titration with iodine after 
saturating with carbon dioxide. 

When hydrochloric acid and chlorine occur 
together, the latter is determined separately in 
one quantity, and a second quantity is absorbed 
in the solution of arsenious oxide in sodium 
carbonate free from chlorine, and the total 
chlorine is determined by titration with silver 
nitrate, using •Volliard’s thiocyanate method. 
In calculating the percentage composition, it ia 
important to romember that 1 voi. of chlorine 
produces 2 vols. of hydrochloric aoid. 

Hydrochloric add, by absorption in sodium 
carbonate and titration with silver nitrate, or, 
in absence of carbon dioxide and other acids, 
by absorption in standard caustic potash or 
soda, and subsequent titration with an acid. 

Hydrogen sulphide, by absorption in standard 
iodine and titration with thiosulphate; or by 
absorption in bromine water and gravimetric 
estimation as barium sulphate. 

Nitrogen oxides, by absorption in acidified 
permanganate solution of definite strength, the 
gas being passed until the solution is just de¬ 
colourised. This method gives tho amount of 
nitrogen oxides in terms of their reducing 
power. 

Sulphur dioxide, by absorption in standard 
iodine solution and titration with thiosulphate, 
or by absorption in bromine water and gravi¬ 
metric estimation as barium sulphate. The 
latter plan may be adopted when the proportion 
of sulphur dioxide is very small and a large 
volume of gas mpst bo aspirated. 

Measuring nnd, absorption apparatus .—Only 
those forms which have come into general use 
and are of wide applicability will be described 
here. Descriptions of the numerous other 
modifications will be found in Winkler’s Chem. 
(Inters, dor Industrie-Gase; Winkler and 
Lunge’s Technical Gas Analysis ; and in Zeitsch. 
anal. Chem. 

An extremely convenient device which is 
applied to almost all the forms of apparatus is 
the three-way stop-cock. This has the usual 

jSl J3L 

TTY 

' Fig. 38. 

tr^psverse bore, but the plug itself is elongated 
in the form of a tube, the bore of which is con¬ 
tinued in a ourved direction through the plug 
and opens at the side in the same plane, but 
in a direction at right angles to the transverse 
bore. By means of this tap two tubes can be 
made to communicate with one another, or 
either of them separately can «be put in com¬ 
munication with a third tube or with the 
air. 

Orsat'e apparatus .—The measuring tube or 


burette consists of a cylindrical bulb terminating 
at one end in a capillary tube and at the other 
in a narrow tube of uniform bore graduated in 
tenths of a cubic centimetre. The total capacity 
of tho tube from the zero to the oapillary is 100 
c.o., and the lower end of the tube is connected 
by caoutohouc tubing with a ‘ level-bottle,’ the 
height of which can readily be adjusted. The 
burotte is enclosed in a cylinder which is filled 
with water at a constant temperature. The 
capillary from tho upper end of the measuring 
tubo is carried horizontally along a wooden 
support. Other capillary tubes provided with 
stop-cocks are fused into it at right angles and 
communicate by means of very short lengths 
of stout indiaraober tubing with the absorption 
pipettes, each of which consists of a pair of 
somewhat large cylindrical bulbs communicating 
at the bottom by a curved tube. The bulbs 



Fig. 39. 


nearest tho capillary tubes are fitted with short 
lengths of glass tubing so that a large surface of 
the reagont may be exposed, and the other bulbs 
receive the liquids when they are driven out 
from tho first bulbs by the gas. Any number 
of bulbs can, of course, be attached to* the main 
capillary, and at the end of it there is a three- 
way tap communicating with tho aspirating tube 
or with the air. 

The three absorption pipettes indicated in 
Fig. 39 are generally, filled respectively with 
solutions of caustiwpotash, alkaline pvrogallate, 
and cuprous chloride, and serve for the estima¬ 
tion of oarbon dioxide, oxygen, and carbon 
monoxide. 

The burette is filled with water by placing 
the liquid in tho level-bottle and raising the 
latter, and the stopcocks are then closed. The 
absorption bulbs are rather more than half filled 
with the liquid reagents, and by opening the 
stop-cocks and placing ther level-bottle below the 
apparatus the liquids are drawn up so as to fill 
completely the bulbs connected with the capil¬ 
laries. The stop-cocks are then closed. 

The burette is filled with water up to the 
oapillary tube by raising the level-bottle, and the 
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far end of the capillary tube is connected with 
the tube along which the gas is to be conducted. 
The lower end of the three-way tap is connected 
with an indiarubber aspirator, and the air is 
removed from the conducting tube by aspirating 
the gas through it. The level-bottle is then 
lowered, the tap is turned through *00°, and 
the gas is drawn into the burette. When n , 
sufficient volume has entered, the tap is closed, ! 
the levels inside and outside the burette are ' 
adjusted by raising the level-bottlo, and the : 
volume of the gas is read off as soon as* the j 
temperature is constant. If it is desired to ] 
operate upon exactly 100 c o ,the gas is drawn in I 
until tho water is a little below the zero, the tap j 
is closed and the level-bottle is raised so that the 
gas is slightly compressed and the water rues [ 
above the zero (lime Inning been gnen ioi Hie j 
liquid to run down from the .sides ol the burette), 
and the indiaiubber tubo is closed by a pinch- 
coek. The level-bottle is again lowered, and by 
cautiously opening the pimh-coch the water is 
allowed to descend exactly to the zero, and the j 
pmch-cock is closed. The tap at the end of the 
main capillary is opened for an instant, so that 
the excess of gas may escape and the 100 c.c. 
remaining in the burette may be at atmospherio j 
pressure. 

In order to bring the gas into any one of tho | 
absorption bulbs, the level-bbttle is raise* and 
the tap of the particular bulb is opened. The 
gas passes into tho bulb, and by alternately 
raising and lowering the level-bottle the gas can 
be passed backwards and forwards several times, 
care being taken that tho absorbing liquid docs 
not pass through the stop-cock. The gas is 
finally drawn oft so that the absorbing liquid 
just reaches the stop-cock, the latter is closed, j 
and, after readjusting the levels, the volume of j 
gas is again read off. After making the neces-! 
sary corrections, the decrease in volume is, of J 
course, the voluino of the gas which has been j 
absorbed. The order in which the absorbing : 
liquids should be applied has already been | 
given (p. 236). 

Lunge has added to this apparatus a capil- ‘ 
Jury tube with palladium asbestos, for tho i 
estimation of hydrogen, connected with a bulb 
similar to tho absorption bulbs, but containing , 
water only. The apparatus also contains a 
small 6pirit-lamp carried by a movable rod for j 
heating the palladium asbestos (Dingl. r dy. J. 
1882, 245, 512). 

Sodeau has introduced a modification of | 
Orsat’s apparatus suitable for tho analysis of i 
mixtures containing only small proportions of 
combustible gases (e.tj. cfymnoy gases). In 
this modification the cuprous chloride pipette 
and the palladium combustion tube are replaced 
by a combustion pipette, tho only absorption 
pipettes present being those containing caustic 
potash and alkaline pyrogallate. The carbon 
dioxide is first estimated by means of the former, 
and the combustible gases burnt by passing an 
oleotric current (5 amperes) for a short time 
through a platinum spiral in the combustion 
pipette. The contraction is noted, and the 
carbon dioxide produced is estimated by 
absorption in the caustic potash. These data 
give the proportions of carbon monoxide and 
hydrogen originally present in the gaseous > 
mixturo. The residual oxygen may now be 


estimated by absorption in tho alkaline pyro¬ 
gallate (Chem. News, 1904, 89, 61). 

Bone, and Wheeler’s apparatus is a simplo 
form of gas apparatus capable of giving accurate 
j results -with almost all gaseous mixtures ordinarily 
met with in technical practice. 4The working 
' liquid is mercury, and the apparatus oonsists of 
the following parts : (1) A water-jacketed com¬ 
bination of measuiing and pressure tubes, a and 
b, communicating through the glass tap o with 
the mercury reservoir d ; (2 ) an absorption 
vessel, F, standing over mercury in a mahogany 
trough ; (3) an explosion tube* k, fitted with 
firing wires, and having a separate meroury 
reservoir, H ; (4) a sampling tube, K. The con¬ 
nections between a , b, and f are of capillary 
toio throughout, with suitable glass taps. 
Lefore an analysis the whole of the apparatus, 
including the connections, is filled with meroury. 



Fig. 40. 


and the gas may be introduced either from the 
sampling tube, k, or from tbe absorption 
vessel, f. 

The Regnault-Frankland principle of mea¬ 
surement is employed, namely, the measurement 
of the pressure qf the gas (in mm. of Mercury) 
at constant volume. The measuring tube a 
has a series of constant-volume marks coinciding 
with the 0. 100, 200, &c., mm. marks on the 
pressure tube b. 9'hese two tubes arc moistened 
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with dilute sulphurio acid (1: 20) as a precaution 
against the accidental introduction of alkali 
into the measuring tube. The tap closing the 
upnor end of the pressure tube is connected to 
it by stout mdiarubber pressure tubing; t his 
gives a tigfct but elastic joint, and obviates 
risks ^of fracture. By means of this tap the 
pressure tube can be rendered vacuous, and, in 
this way, the measurements are rendered inde- 
wmdent of the bnromctno pressure, and it 
jccomes possible to analyse smaller volumes of 
gas. The length of the pressure tube provides for 
the requisite dilution of the explosive mixtures 
in analyses by explosion. All the absorptions 
are carried out m the same vessel, f, a com¬ 
paratively small amount of freshly prepared 
reagent being used in each operation. The 



absorption vessel is rinsed out by moans of the 
three-way tap, ^ie lower parallel limb of which 
is joined to a targe bottle connected up with the 
water pump. In this way a series of absorptions 
can be carried out without disturbing a single 
connection in the apparatus. An analysis of pro¬ 
ducer gas is easily completed in 45 minutes, and 
one of coal gas requires about, an hour (J. Soc. 
Chom. Ind. 1908, 27, 10). (For other forms of 
technical gas apparatus, v. F. Fischer, Zeitsch. 
angew. Chom. 1890, 3, 591; Sodeau, J. Soc. 
Chera. Ind. 1903, 22, 187. See also Chem. Soc. 
Trans. 1894, 05, 43; 1899, 75, 82; Ber. 1902, 
35, 3485, 3493 ; 1907, 40, 4950; J. Soc. Chem. 
Ind. 1908, 27, 483, 491 ; Chem. Zeit. 1903, 845 ; 
1904, 086; Zeitsch. angew. Chem. 1907, 20, 22.) 

IlempeVs apparatus .—The measuring appa¬ 
ratus consists of a burette, and a plain tube 
of the same length and diameter, which serves 
as a level-tube. The burette holds 100 c.c. 
from the zero to the capillary, is graduated in 
fifths of a c.c , and terminates at the top in a 
capillary tube to whioh is fitted a short piece of 
stout-walled caoutchouc tubing closed by a 
pinch-cock. Both the burette and the level-tube 
are fixed at the bottom into heavy circular 
stands, and each has a side tubulus noar the 
bottom over which is slipped the caoutchouc 
tube bv which they are oonnectod. It is 
advisable to make all the joints secure with 
copper wire. In oader to make the measure¬ 
ments *more. accurate, the- burette may be 
surrounded by a wider tube filled with cold j 
water (Winkler). 

The pinoh-cock is opened and both tubes are 
rather more than half fillecf with water. TJie 


| burette is completely filled with water by raising 
the level-tube until' the water runs out of the 
indiarubber tube at the top, and the pinch-cock 
is then closed. By moans of the indiarubber 
tube the burette is attached to the conducting 
tube, which has already been filled with the gas, 
the level-tube is lowered, and the pinch-cock 
owned. When sufficient gas has been drawn in 
the pinch-cock is closed, the levels adjusted, and 
the volume read off in the usual manner. If it 
is dosired to admit exactly J00 c.c., proceed 
in the same way as described under Orsat’s 
apparatus. 

The reagents are contained in absorption 
pipettes. Simple absorption pipettes consist of 
two bulbs which communicate at the bottom by 
j a bent tube, one bulb being at a higher level than 
j the other (Fig. 34). The upper part of the lowor 
I bulb terminates in a straight capillary tube, 
i which extends to a slightly greater height than 
the higher bulb, and serves to connect the pipette 
with the burette. In the tubulated pipette the 
bottom of the lower bulb is provided with a 
tubulus, which can bo closed with a caoutchouc 
stopper, and through which solid reagents such 



as phosphorus or zinc can be introduced. A 
composite absorption pipette consists of two 
similar pairs of bulbs, the second pair containing 
water or some other liquid which protects the 
reagent in the first from the action of the air. 
Composite pipettes are used with alkaline pyro- 
gallate, cuprous chloride solution, bromine water, 
and similar reagents (Fig. 42). 

Gumming (J. Soc ('hem. Ind. 1913, 32, 9) 
has modified the Hempel double pipette by the 
addition of a side tube to the top of b, which 
can be closed by a rubber cork. The reagent is 
poured through the side-tube on b, and water 
is poured in through d to form a water-seal. 

In making the absorptions the pipettes, 
which are attached 1 to wooden stands, are plaoed 
on a table stand of such height that the top of the 
capillary of the pipette is level with the top of 
the capillary of the burette. The burette and 
pipette are joined by means of short pieces of 
caoutchouc tubing and a short piece of capillary 
tube bent twice at right angles. The volume of 
air contained in this capillary is so small that it 
does not introduce any appreciable error. Care 
is taken that the capillary of the absorption 
pipette is filled just up to the top with the re¬ 
agent. The connections being made, the level- 
tube, whioh should be full of water, is placed on 
the table stand and the pinch-cock is opened. 
The gas passes into the pipette, and by raising 
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and lowering the level-tube the whole of the gas 
can be passed backwards and forwards two or 
three times; or the gas may be allowed to ro- 
main in contact with the liquid in the pipette 
When absorption is complote, the level-tube is 
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mercury is used as the working liquid. The 
two bulbs of the pipette are connected by 
tbick-walled indiarubber tubing, and the ex- 
pJosion bulb can be closed by two stop-cocks. 

When gases very soluble in wator have to be 
measured, a burette is used, provided at the top 
with a three-way stop-cock, the volume between 
them being exactly 100 c.c. The burette must 


Fin. 43. 

lowered until the reagent is drawn just up to tiie 
top of the capillary ol the pipette, tho pinch-cock 
is closed, and a socond roading is taken. 

When combustions of hydrogen or carbon 



Fin 40. 




Fig. 45. 


Fm. 44. 

containing palladium asbestos is inserted 
between the burette and a simple absorption 
pipette containing water only. With gases 
containing both methane and hydrogon, the 
combustion is conveniently effected in an ex¬ 
plosion pipette of spherical form, in which 


lie perfectly dry before being filled, an end 
winch is most quickly effected by rinsing the 
burette with water, then with alcohol, and 
finally with ether, and passing a current of warm 
air through it. The lowor end of the burette is 
connected with the conducting lube by means of 
the three-way tap <1, the other end is connected 
with an aspirator, and a current of the gas is 
drawn tlnough the burette until the air is com¬ 
pletely expelled. The stop-cocks are then closed, 
care being taken that the gas # m the tube is at 
atmospheric pressure. The absolutions, &o., are 
made m the same way as with the ordinary 
burette. ' J 

Stead's apparatus consists (Fig. 44) of a 
graduated tube a, m 
which all measurements 
are made, fitted with taps 
b and c, leading respec¬ 
tively to tin* absorption 
vessel and the sampling 
tubo. Tho lower end of 
a is joined by means of a 
T-piece to the mercury 
reservoir e, and to tho 
tube d, winch is open to 
tho atmosphere at h. 

The readings are taken 
under atmospheric pres¬ 
sure. The gas samplo is 
collected either directly 
in the laboratory vessel o 
or in Stead’s sampling 
apparatus (Fig. 45). From 
cither of these reservoirs 
a portion of the gas is 
introduced into the ap¬ 
paratus at a'<1 thence 
by opening b into tho 
laboratory vessel g, which* 
contains caustic potash solution stamping over 
mercury. If the gas consists practically of 
oarbon dioxide, carbon monoxide, and hydrogert, 
it is then mixed with a known volume of oxygen, 



Fig. 47. 
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and the mixture sparked by means of platinum 
terminals fused into the upper part of the 
graduated tube a. 

The contraction is ascertained and the 
carbon dioxide produced is estimated, and from 
these data tie amounts of carbon monoxide and 
hydrogen are determined. 

When other absorbable gases are present, 
then six absorption vessels arc employed, and 
these are carried on a turn-table, so that each 
in turn can be brought into contact with the 
measuring tube (Fig. 40). In this modified form 
of the apparatus the eudiometer tube and each of 
the absorption vessels are fitted with a perfectly 
flat piece of plate glass perforated in the centre. 
These plates are lightly smeared with oil, and 
when communication is to be made between tho 
eudiometer and tfie absorption vessel, these 
face plates are held together by a spring clip 
(Fig. 47) . , 

A further improvement consists in the use of 
the modified form of absorption vessel shown 
in Fig. 48, in which tho reagent is con tamed 
in a glass bottle closed by an indiarubher bung 



carrying a small glass stopper and a pipette 
furnished with a tap. 



Fiu. 49. Flo 50. 


By means of these additions Stead’s apparatus 
can be used for the complete analysis of 


furnace and producer gases and ofchor technically 
important gaseous mixtures (J. Soo. Chem. Ind. 
1889, 8, 178). 

The nitrometer , originally devised by Lunge 
(Ber. 1878, i 1,490) for tho estimation of nitrogen 
oxides in oil of vitriol, is capable of being applied 
to gas analysis and a large number of other 
determinations. It consists (Fig. 49) of a 
burette, fitted at the top with a three-way tap 
ami a cup-shaped funnel, and communicating at 
the bottom by means of caoutchouc tubing with 
a plain tube of the same diameter, which servos 
as a level-tube. When large quantities of gas 
have to be measured, tho upper part of the 
burette is expanded into a bulb, and there is a 
similar bulb on the level-tube (Fig. 50). 

This apparatus is used with mercury, and 
ic thus suitable for the analysis of gases solublo 
in water. It can bo used in the same way 
as Hempol’s burette, and for all purposes to 
which the latter is applicable. It may also be 
used without absorption pipettes, the reagent 
being introduced by means of the cup. but 
since the reagents cannot be removed without 
removing the gas, the latter method is only ap¬ 
plicable when tho reagents do not interfere with 
each other— e.g. for the absorption of carbon 
dioxide by caust ic potash, followed by the absorp¬ 
tion of oxygon by alkaline pyrogallate. 

'liie estimation of nitrogen oxides m solution 
in sulphuric acid is conducted in tho following 
manner. The apparatus is filled with mercury, 
so that when the tap is open between the burette 
and tho cup, and tho level-lube is raised, the 
mercury just passes through tho tap and stands 
at a height of about 2 inches in tho level-tube. 
The tap is then closed and 2-5 c.c. of the sul¬ 
phuric acid, according to tho quantity of 
nitrogen oxides which it contains, is placed in 
the cup, the level-tube is lowered and tho tap is 
turnod so that the and is nearly all drawn into 
the burette without any air being admitted. To 
avoid measuring out small quantities (0-6—1 c.c.) 
of highly nitrated acid, 1 his liquid should be 
diluted with a known volume of pure concen¬ 
trated sulphuric acid, and 5 c.c. of this solution 
taken for analysis. Tho cup is rinsed with two 
successive quantities of 2-3 c.c. of pure acid, 
which is drawn into the cup w'ith the same 
precaution as before. Tho tap being closed, 
the burette is taken out of tho clamp and 
agitated in such a manner that tho liquid is 
In ought thoroughly into contact with the first 
10 cm. or so ot the mercury, which is broken 
up into bubbles. Nitric oxide is formed and 
collects in the upper part of tho tube. When 
no more gas is given off, the levels are adjusted 
and the volume read off after the froth has 
subsided. In adjusting the levels thfe difference 
U tween the specific gravity of the acid and the 
mercury is allowed for by taking 0-5 mm. of 
acid — 1 mm. of mercury. A small quantity of 
acid is placed m the cup and the tap opened : if 
tho acid is drawn in the pressure in the burette 
was too low; if gas escapes, the pressure was too 
high. It is better to err on the sido of too low 
pressure, which is readily corrected by allowing 
acid to run in from the cup and taking another 
reading. 

In agitating, care should be taken that the 
drop of acid which collects in tho top of the 
burette just below the tap does not esoape con- 
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tact with the mereury, otherwise the results will 
be too low. 

To prepare for another estimation, the level- 
tube is raised and the tap is opened so that all 
the aeid and some of the mercury 13 driven into 
the cup, and the tap is then turned so that the 
acid runs out at the side. 

The nitrometer may bo used for the valuation 
of nitrites and nitrates, which are introduced in 
the form of a concentrated aqueous solution, 
care being taken that the propoilion of water to I 
acid does not exceed 2 parts of aqueous solution 
to 3 parts of the strongest ncjd. It may also he 
used for the estimation of nitrates and nitrites 
in potable waters, and in fact for almost any 
determinations in which a definite volume of 
gas is given off. For example, the estimation of 
carbonic aeid ; of urea by kypobromito (tho 
reading being increased by 9 p.c. to correct, for 
solubility of tho gas and incomplete decom¬ 
position) ; hydrogen peroxide by an acidified 
solution of potassium permanganate, or, wee 
versa, the value of a permanganate solution by 
means of hydrogen peroxide, &c. (N'er Lunge, 
Bcr. 1878, 11, 430; J. Soc. Chum. Ind. 1885, 
4, 447, and 1880, 6, 82; Zcitsch. anal, ('hem 
25, 309; and the translation of Winkler’s 
Technical Gas Analysis (1885); also Allen, 
J. Soc. Chorn. Ind. 1885, 4, 178.) 

The qas-voUmeler. Nevcftil of tho eifima- 
tions referred to in the preceding paragi aph arc 
more conveniently carried out m the gas- 
volumeter dovised by Lunge, as m this apparatus 
the decomposi¬ 
tion can bo <f- 
feeted in a sepa¬ 
rate vessel. The 
measuring tube a 
and the reservoir 
0 are converted 
bv means of the 
T-piece n, w ith 
the so-called * re¬ 
duction ’ tubo B. 

At tho outset 
tho temperature 
and pressure are 
observed, and the 
volume occupied 
under these con¬ 
ditions by lOOc.c. 
of dry (or moist) 
air measured at 
0° and 790 mm. 
is calculated. Tho 
reduction tube is 
filled with air to 
this volume, and 
the tap of the 
tube closed, *)r 
the end of the 
reduction tube 
may bo termi¬ 
nated by a capil¬ 
lary and sealed off after the volume has been 
correctly adjusted. A special tap for the reduc¬ 
tion tube has been devised by Gockel (Zeitscli. 
angew. Chem. 1900, 13, 961, 1238). If moist 
gases are to be measured, a small drop of water 
is introduced into the reduction tubo; if dry 
gases are under examination, a drop of concen¬ 
trated sulphuric acid must he introduced into 



Fig. 51. 


the rt duttion tube. The formula? for calculating 
the volume of gas in the reduction tube are os 
follows:— 

V 1 (dryga 8 c.s) = isf|i® 

V, (moist gases) = 

whore V, = volume of gas required ; 

V 0 “ normal volumo (e. 7 . lOOc.c.); 

t observed temperature ; 

B = observed barometric pressuro ; 

/ - tension of water vapour at observod 
temperature. • 

When a decomposition by sodium hypo- 
broinito or hydiogen peroxide has been carried 
out in the auxiliary generating bottle, the gas 
evolved passes into tho measuring tubo a. The 
mercury m a and c are then adjusted to the 
saint' level, and tho tap 0 closed, the gas bcir% 
then at the atmosphere pressure. The three 
tubes arc now adjusted so that the mercury in 
A and 11 are at the same level when the mercury 
m the latter tube stands at the 100 c.c. gradua¬ 
tion. The gases in a and B aro at the same 
temperature and under the same pressure, and 
since the gas m 11 occupies the same volume as 
it would at 0 ° and"760 mm. pressure, it follows 
that tho gas m a also occupies the same volumo 
as it would under tho standard conditions. In 
this way, by the use of the gas-volumeter, all 
thermometric and barometric readings and all 
reductions by calculations or special tables are 
avoided ; for the volume of gas is read off 
directly under conditions corresponding to tho 
normal pressure and temperature. It is, how¬ 
ever, essential that tho reduction tube should 
bo arranged for dry or moist gases according to 
the nature of the analytical operation involved 
(v. Lunge, Ber. 1890, 23, 440; J891, 24, 729; 
1892, 25, 3157 ; Zcitsch. angew. Chem. 1890, 3, 
129; i 891,4, 197,410; 1892,5,677; J. So*c. 
Chem. Ind. 1890, 9, 647. Cf. Gruskicwiez, 
Zeitscli. anal. Chem. 1904, 43, 85). 

I 11 addition to the hypobromite and hydrogen 
peroxide decompositions, Lynge and March- 
lewski have adapted the gas-volumeter to the 
estimation of carbon dioxide in natural car¬ 
bonates, Portland cement, and other mineral 
substances, and also to the determination of 
oar bon in iron and steel (Zcitsch. angew. Chem, 
1891, 4, 229 ; 1893, 6 , 395; J. Soo. Chem. Ind. 
1891, 10, 658). G. T. M. 

Electrochemical Analysis, 

The first suggestion to apply the electric 
cun cat to tho deposition of metals was made 
bv Cruickshauk m 1801 (Nicholson’s Journal of 
Nat. Phil. 1801, 4, 254). He noticed that metals 
were deposited from acid or alkaline solutions 
of their salts at the negative pole, and that the 
metal went into solution at the positive pole. 
He therefore suggested that the electric current 
might thus be used as an aid to analysis, par¬ 
ticularly for depositing lead, copper, and silver, 
In 1812 Fischer suggested its use for detecting 
small quantities of arsenic (Gilbert's Annalcn, 
42, 92). In 1840 Cozzi # (Arch. dullo Science 
mod. fis 50, ii. 208) employed the galvanic 
current (produdfcd by plates of gold and zinc 
connected together by a wire) to ascertain 
whether organic lluids, suoh as milk, contained 
metallic impurities. Gaultier de Claubry (J. 
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Piia.m Cbim. iii. 17, 125) applied it to detect 
Bmall quantities of arsenic in animal fluids. In 
18G1, Bloxam (Quart. Journ. Chem. Soc. 13, 
12, 338) described an electrolytic method for 
detecting arsenic and antimony. Becquerol 
(Ann. Cnim* Pliys. 1830, 43, 380) found that 
mauganeso and lead wero readily oxidibed, and 
appeared as oxidos on the anode. 

All these workers appear to have merely 
used the electric current as an aid to qualitative 
analysis. Wolcott Gibbs (Zeitsch. Anal. Chem. 
3, 334), in 18J)4, showed that coppor, ni( krl, 
zinc, lead, and manganese might be quantita¬ 
tively determined by means ol tho electric 
current. Lucknow (i)ingl. Poly. J. 18G5, 177, 
231, and 178, 42), from 18G0, had employed 
electrolytic methods for the quantitative 
analysis of copper salts and for comuicicial 
copper. From this time forward many workers 
ontered the held, and about 1880 Edgar Smith 
in America, anti Classen in Germany, very 
much advanced the subject of electro-analysts, 
and to-day it is one of tho most useful helps to 
tho analytical chemist. 

Before dealing with the methods of deposition 
and separation of the metals, it will he well to 
described the apparatus used ; but only the 
apparatus most gonerallv employed will lie 
dealt with. 

Classen first suggested the employment of a 
platinum basin as cathode and a platinum ditto 
as anode. A convenient stand for holding tho 
basin, and a method of connecting with the 
source of current, are shown in Fig. 52. The basin 
should hold from 
150 to 180 c.c. of 
solution. The 
inner surface of 
tho basin should 
be roughened by 
the sand blast, as 
this causes better 
adherence of the 
deposit, especi¬ 
ally in the cabe 
of peroxides such 
as lead and man¬ 
ganese. The base 
of the stand is of 
slate or marble, 
and the brass rod 
which conveys 
tho — current is 
hollow; through 
this brass rod an 
insulated wire for 
carrying the -f* 
current passes, 
and is connected 
at the top of the 

-----rod by means of 

^ 1Q - 62. apiece of ebonite. 

The ring which supports the basin has three little 
platinum points at equal intervals on its circum¬ 
ference : on these tho basin rests, thus ensuring 
good contact. The positive pole of tho 
source of current is <5onnectedwith tho binding- 
sorew fixed to the slate * base, and the 
negative, pole with the binding - screw 
marked —. In dealing with metals which 
deposit as oxides on the positive pole the 
basin is connected with the + pole. 



Another useful form of electrode is illus¬ 
trated in Fig. 53. The anode is a stout 
spiral of platinum and 
the cathode is a cylinder 
of platinum gauze. This""* T* 

form of electrode can be 
omployed either for station¬ 
ary work or for rapid depo¬ 
sition work when the anode 
is rotated. The vessel in 
which tho electrolysis takes 11 
place may either be a "'I 

beaker or, better, a funnel ! 

with a tap such as is illus¬ 
trated m Fig. 6 7. 

For stationary work tho jHffijl |||jjh 

Flag eleetiode of F. Moll- ||ffi||ij|| 

wo I’orkm (Fig. 54) gives 
very satisfactory results. ilfiScIsIll 

The cathode consists of 
a small sheet of stout B BjKip Sl 

platinum gauze,autogenous- 
ly fastened on to a rigid plat i- ^j[||m5n|P 

num-indmm frame, both 
frame andgauze bcmgrougli- p, 

ened by the sand blast H ‘ ’ ’ 

The wire bolds tho electrode in position during 
the anahsi,-. The loop near the lop of tho wire 
serve*, to hang tbs electrode on the balance. 


Tho anode is 
made of plati¬ 
num wire, and 
is bent upon 
itself in such a 
way that when 
it is placed m 
position for 
electrolysis, as 
illustrated in 
Fig. 55, an even 
density is ob¬ 
tained on all 
parts of the 
cathode. 

It has been 
found that the 
rate of deposi¬ 
tion of metals 
from their solu- 



Fig. 64. 



tions is very much increased and higher curront 
densities can be employed when either the 
anode or cathode is rapidly rotated. Frary 
(Zeit. f. Eiektrochem. 1907, 308) has also shown 
that excellent results can be obtained by electro¬ 
lysing with stationary electrodes, but causing 
agitation of the electrolyte by placing the whole 
apparatus in the field of a powerful electro¬ 
magnet. The forms of the apparatus are 
depicted in Fig. 56. From the figure it is seen 
th&t the solution is contained in a beaker b, in 
which is a cylindrical platinum gauze cathode o 
and a heavy platinum wire as anode A. The 
beaker is placed in the centre of a spool made 
from insulated copper wire B. By passing an 
electric current through the copper wire of the 
spool, a powerful magnetic field is produced, in 
the centre of which the beakor stands. If now a 
current be passed through the electrolyte by 
means of the electrodes, the electric lines of force 
are cut at right angles by the magnetic lines of 
force, and this produces a tendency for the 
solution to rotate, owing to the vortical magnetic 
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field and radial current lines. The speed of 
rotation depends upon the ratio between the 
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electric current and the magnetic current. With 
an electrolys¬ 
ing current of 
from 6 to 7 
amperes, Frary 
was able to 
deposit 0 - 850 
gram copper 
in 15 minutes. 
.The other 
•form, illus¬ 
trated in Fig. 
57, is for 
Si. JL electrolysing 
with a mer¬ 
cury cathode. 



Fig. 56. 


the use and applications of which will be 
described later. 



The electrolys¬ 
ing vessel is 
ruig-shuped, so 
that it may fit 
into a hole cut 
into the pole d 
of the magnet. 
An iron rod 
passes from the 
other pole up 
into the centre 
of the electro¬ 
lysing vessel. A 
is the anode 
and C the ca¬ 
thode. Ex¬ 
tremely rapid 
rotation is thus 
produced, be¬ 
cause the iron 
core very much 
facilitates the 
current, there 


being a radial field with vertical current 
lines. 

The advantages claimed for this method 
are : rapidity of deposition, and, as there are 
no mechanical parts which require lubrication, 
there is no chance of contamination from oil, 
or grease accidentally falling into the solu¬ 
tion. As a matter of fact, however, rapid 
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methods of electrolysis aro iflore frequently 
earned out by means of a rotating anode*or 
cathode. 


Gooch and Medway (Ainer. J. Sci. 15, 320) 
use a rotating cathode. It is made from a 
platinum crucible of about 20 c.c. capacity. 
The crucible is attached t*> the shaft of the 
electromotor, which is used to rotate it at 
a speed of from 600 to 800 revolutions per 
minute by fitting it over a rubber stopper 
with a central bore, into winch the end of 
the shaft fits tightly. In order to make 
electrical connection between the crucible 
and the shaft of the motor, a narrow strip 
of sheet platinum is soldered to the shaft 
and bent upwards along the sides of the 
stopper. Tins connects the shaft with the 
inside of the crucible when the latter is 
pressed over the stopper. The anode con¬ 
sists of a half cylinder of sheet platinum. 

Fig. 58 represents the arrangement of the 
apparatus when fitted together. 

F. Mollwo Perkin and W. E. Hughes 
(Trans. Faraday Soc. 1910,14) use an elec- „ ... 

trode of sheet platinum spun up so as to * IG ' 
form a narrow thimble (Fig. 59), the upper end be¬ 
ing open and having a stout indio-platinum wire 
fused on to it by means of throe short wire sup¬ 
ports. This electrode is xed into a small chuck 
and rapidly rotated by means of an electromotor, 
the speed of rotation usually being from 760 to 
950 revolutions per minute. When in use, about 
two-thirds of thji length of the thimble is dipped 
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into the electrolyte, the active surface being about 
10*3 S([. cm. If dipped too deeply into the solu¬ 
tion, there is a tendency for the liquid to splash 
into the interior of the cylinder, and this would, 
of course, lead to erroneous results. The anodo 
consists of a platinum cylinder of fine raeBh. 
It is, howevfr, frequently more satisfactory to 
employ a rotating anode and a stationary 
cathode, and for this purpose the gauze anodo 
is employed as cathode, and the anode consists 
of a spiral of stout indio-platmum wire. The 
simplest arrangement is illustrated in Fig. 53. 
The electrolysing vessel consists of a tap funnel 
which, when the electrodes are covered, holds 
about 00 to 70 e.c. of solution. The advantage 
of this form nf electrolysing vessel is the ease 
with which the electrolyte can be removod on 
the completion of .the electrolysis and the 
electrodes washed. The method of procedure 
is to place a beaker beneath tho tap and draw 
off the solution until about half of it has run in 
Distilled water is then run up to the original 
mark and tho solution drawn off as before 
The operation is repeated until the ammeter 
needle sinks to zero. The remaining water is 
run off, the tap closed, and the funnel filled with 
pure methylated spirit. This is run off, and, 
after a final washing with absolute alcohol, 
carried out in the same manner, the electrodes 
are removed and the cathode dried in the steam 
oven. 

Another form of rotating cathode devised by 
Perkin is illustrated in Fig. GO. Tho cathode 



oonsiata of a cylinder of platinum gauze. The 
anode is in the form of a double circle of stout 
platinum wire, and has four small baffle plates 
so placed as to prevent it from rotating with the 
cathode. 

In order to rotate the anode (or cathode), 
it is fixed into a small chuck fastened on to the 
end of the spindle of a bicycle hub. The barrel 
of the hub has an arm fastened into it which 
can be dim pod to any suitable'support. The 
upper end. oi the sprnale has a shoaf of pulleys 
fastened to it. so that it can be rotated by means 


of a belt from a motor and different speeds be 
obtained. It is found that the current passes 
very well through 
the barrel of the 
hub and the balls, 
which are lubri¬ 
cated with oil and 
graphite, to the 
spmdie, and so to 
the electrode. 
When it is desired 
to obviate all drop 
in potential, c.<j. 
if t he apparatus is 
to he used for 
graded potentials, 
then a mercury 
cup is fastened on 
to the top of the 
spindle so that 
tiie current passes 
diiectlv to the 



spmdie. 


The 

appara- 

tus of 

H. J. 

Sand 

(Trans. 

Che m. 

Soc. 

11)07, 

x vi. i 

373) is 

rather 


more c o in - 
equallv satisfactory 


Tho special object in the design of this 



electrode was to produce an apparatus which 
could be satisfactorily employed for the 
separation of metals by graded potentials. 
Tt consists of a pair of platinum gauze 



electrodes (Fig. 61), an inner rotating elec¬ 
trode a, and an outer electrode b. The 
two are kept in position relatively to each 
other by means of a glass tube, which is 
slipped through the collar and the ring of the 
outer electrode b. It is gripped firmly by 
the former, but passes loesely thiough the 
latter. The hollow iridio-platinum stem a 
of the inner electrode is passed through the 
glass tube, in which it rotates freely. The mesh i 
of the gauze is 14 a per sq. cm. The gauze ! 
of the outer electrode almost completely stops ' 
the rotation of the liquid. The electrolyte is, 
therefore, ejected rapidly from the centre of 
the inner electrode by centrifugal force, and is 
continually replaced by liquid drawn m from 
the top and the bottom. So great is the suction 
thus produced, that when the electrode is moving 
rapidly, chips of wood or paper placed in the 
solution are diawn down to the top of the 
older electrode. The circulation is practically 
independent of the sizo of the beaker employed 
As the outer electrode surrounds the inner 
(ompletely, the lines of flow of the current arc 
contained between the two, and even when 
strong currents aio employed, the potential 
of the electrolyte anywheie outside the outer 
electrode is practically the same as that of the 
layer of liquid m immediate contact with it. 
Fig 62 shows the apparatus with stiuxlp and 
motor m work¬ 
ing order. Be¬ 
fore the method 
adopted for elec¬ 
trolysing by 
means of graded 
potential is dis¬ 
cussed, the mer¬ 
cury cathode de¬ 
vised by Smith 
and Howard will 
be described. 

WolcottCibbs, 
in J 880, first sug¬ 
gested the use of 
metallic mercury 
as cathode, a 
definite amount 
being weighed 
into a beaker, 
where it was con¬ 
nected by means 
of platinum wire 
with the nega¬ 
tive pole of a 
battery. Various 
metallic salt 
solutions were 
experimented 
upon, and, in 
1883 (Am?r. 
Chem.J.13,671), 
Gibbs stated 





that * It was found possible to separate iron, 
cobalt, niokel, zinc, cadmium, and copper so 
completely from solutions of the respective 
sulphates that no trace of metal could be 
detected in the respective liquids/ Gibbs had 
in view not only the determination of the 
metals, but also of the aniou left m the solution 
by titration. 

In 1886 Luckow (Chem. Zeit. 9, 338, and 
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Zoitsch. anal. Chem. 26, 113) suggested the addi- 
tion of a known weight of a solution of a mercury 
salt to a solution of zino sulphate, and so to 
deposit zinc and mercury simultaneously. 
In 1891 Vortman (Ber. 24, 2749) suggested a 
similar method, and employed it in the deter¬ 
mination of several metals. Drown arid 
McKenna (Amer. Chem. J. 5, 627) further worked 
at the subject, using an apparatus somewhat 
similar to Wolcott Gibbs, that is to say, an 
actual mercury cathode, but the process was 
first successfully worked out by Edgar Smith 
and his collaborators (J. Amqj*. Chem. Soc. 
25, 885). The apparatus employed consists 
of a small tube or beaker of about 60 o.c. 
capacity, close to the bottom of which a 
thm platinum wiro is introduced by means of 
which the current is suppUed to the mercury 
cathode (Fig. 63). • 

The external part of the platinum wire 
touches a disc of sheet copper on which the 
beaker rests, and which is connected with the 
negate e source of the current. 

The anode is either a perforated disc of 
platinum or a stout spiral of platinum wire. 
During the electrolysis the anode is rapidly 
rotated by means-of an electromotor or water 
turbine. 

The chief difficulty in using the mercury 
cathode is the trouble experienced in washing 
and drying it. The solution left at the end of 
the electrolysis is siphoned off, anil at the same 
time distilled water is run in until the needle of 
the ammeter drops to zero. Then, and not till 
then, the current in switched off. The inside of 
the beaker and tho amalgam are rinsed with 
alcohol three times, and finally with dry ether. 
It is advantageous, in order to drive out 
thoioughly the last traces of eth^r, to blow dry 
air into the beaker for a few minutes. After 
standing for half an hour, tho apparatus is ready 
for weighing. F. M. Perkin (Trans. Faraday 
>Soc. 1910, 14) uses a small quartz beaker as 
containing vessel, with an iridium wire fused 
into it to make contact with tho mercury. The 
advantage of indium is that it does not amalga¬ 
mate with the mercury. An advantage of the 
quartz vessel is that it can be heated to rodness 
for purposes of cleansing. The apparatus is 
illustrated in Fig. 64. It will be noticed that a 
siphon tube is fused 
into one side of the 
beaker. Tho layer of 
mercury must riot be 
sulueiont m quantity 
to close the side tube. 

A spiral mdio-plati- 
num anode is em¬ 
ployed. When the 
electrolysis is finished, 
a piece of rubber tube 
is fastened to tho 
bent end of the siphon. 

Distilled water is 
added so that the 
solution begins to 
siphon over into a 
beaker placed below 
the rubber tube* In 
order to work with 


'Ws V • 


fa) 


Fia. 64.* 


as small a quantity of w r ater as possible and in 
cases where the ^plution is required again, e.y. 
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in metal separations, the solution is allowed 
to run out until its level drops almost to the 



Fio. 65. 

end of the anode. Fiosli water is then run in, 
and the operation repeated until the ammeter 
needle pomts to zero. For purposes of steadi¬ 



Fio. 66. 


ness the vessel is held between clips on a copper 
plate. 

By means of the mereuiy 
cathode not only can the cations 
be lapidly and accurately deter¬ 
mined, but also the amons re¬ 
maining in the solution. 

Various substitutes for plati¬ 
num electrodes in electro-ana¬ 
lysis have been suggested (see 
Nicolardot and Boudet, Bull. 
Soc. chim. 1918. [iv.] 23, 387), 
e.ff. gold, gold-platinum alloys, 
copper, and certain proprietary 
iron-Mloys. An alloy of gold (7) 
and platinum (1) serves well in 
all circumstances for cathodes. 



increase slightly in weight, but return to 
their original weight and appearance when 
heated to 300° (Analyst, 1919, 38). 

Method of Graded Potential. 

Kach metal has a particular potential at 
which it begins to bo deposited; below this 
potential it is not possible to deposit the metal. 
It follows, therefore, that when doalmg with a 
solution containing the salts of two or more 
metals it will be possible, provided the deposition 
potentials of the metals do not lie too near 
together, to deposit the metals separately, by first 
working with the lowest potential at which one of 
the metals will be deposited. When this metal 
has been deposited the. next one m the potential 
senes will be deposited by raising the potential. 

This method of analysis was suggested by 
Kiliani in 1883, and was further elaborated by 
Kreudcnberg working in Ostwald's laboratory 
(Zeit physikal. Chom. 12, 97). But it was 
il J. 8. .Sand (Trans (’hem. Soc. 1907, 373) 
who first worked out the method and used the 
apparatus with the rotating cathode already 
mentioned. The potential is kept at constant 
value by means of an auxdmuj elect?ode. Such 
an auxiliary eleetiode, designed by Sand, is 
illustrated in Fig. 65. It js a mercury-mercurous 
sulphate 2 J .V-Bulphuno acid electrode. The 
Mill ctive featured the electrode is in the funnel 
f, and connecting glass tube ah. The two-way 
tap allows the funnel f 
to be connected with 
either limb of the glass 
tube ab, or closes all parts 
from each other. The 
limb a permanently con¬ 
tains the 2iV-sulphuric 
acid solution of the elec¬ 
trode. But the limb b 
is tilled for eacli experi- 
Cathode ment * rom the funnel f 
with a suitable connect¬ 
ing liquid, generally 
sodium sulphate solution. 
The end of e is made of 
thin tube of about 1 \ mm. 
bore, and is bent round 
several times to minimise convection. While 

the electrode is m use, the tap, which must 

be kept free from grease, is closed, the film 
of liquid held round the barrel by capillary 
attraction, making the electrical connection, 
but towards the end of a determination, a few 
drops are run out in order to expel any salt 
which may have diffused into the tube. 

Electrical connections .—For separations by 
graded potential the electrical connections must 
dc made as shown in Fig. 66 a and h. The 
bfcttery is connected directly to the two ends of 
a sliding rheostat, the electrolytic cell to one 
of them and the slider. It is essential that 
the sliding contact should bo good. The 
arrangement adopted for the measurement of 
the potential-dmeronce auxiliary electrode- 


Electrometer 


& 

Fig.> *67. 
with platinum. 
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As anodes such electrodes are i cathode is one which has been frequently em- 
Insa ^satisfactory and must not plowed in electro-chemical research. The elec¬ 
tromotive force to be measured is bala n ced 
against a known electromotive force by means 
of a capillary electrometer. The known electro¬ 
motive force is drawn from a sliding rheostat, 
the ends of which are connected with one or 


be used for the anodic deposition 
of lead, nor with cyanide elec¬ 
trolytes, unless electro-plated 
In ammoniacal solution such 


electrodes acquire a light tfrowr colour, and 
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two dry cells. Tho value of the E.M.F, is Classification of the Metals fob Electro. 
read directly on a delicate voltmeter (range analytical Purposes. 

1 -5 volts). For potential differences greater Most metals can be deposited satisfactorily at 
than 1*5 volts, a Holmholtz 1-volt instrument the cathode, particularly since the introduction 
may be interposed between the auxiliary elec- of the mercury cathode and of the graded poton- 
trodo and tlie rheostat. The arrangement tial methods. Theoretically, by grading the 
allows the voltage to bo measured almost potential, it should be possible to separate any 
instantaneously, which is a matter of great one metal from another. Indood, in many 
importance. cases, this can be done, but there are cases in 

To carry out an experiment, the cathode, which the potential differences at which two 
anode, and auxiliary electrode are placed in metals can be deposited, that is to say, tho 
position, tho electrolyte is heated to tho required minimum potential at which thoy will both bo 
temperaturo, and covered with a set of clock- deposited, lie so closo together* that it is not 
glasses having suitable openings for the elec- possiblo to so adjust tho conditions that a 
trodos. For the purpose of a separation, the separation can bo effected, 
current is usually started at about 3-4 amperes. Group I.—Copper, silver, mercury, gold, 
and the potential of the auxiliary electrode palladium, rhodium, platiruyu, iridium, bismuth, 
noted. As a rule, this is only slightly above the antimony, tin, (arsenic), tellurium. Thq§e 
equilibrium potential. The euirent is then metals aro more electronegative than the 
regulated so that the potential of tho electiode hydrogen electrode, and, consequently, can 
may remain constant. When no side-reactions theoretically be deposited quantitatively from 
take place, the current falls to a small residual acid solutions. 

value (generally about 0‘2 ampere), as tho metal Group 11.—Cadmium, zinc, and indium, 
to bo separated disappears from the solution These metals aro more electropositive than 
Tho auxiliary elcctrodo is then allowed to rise hydrogen, but, owing to tho super tension of 
O'l-O^ volt, according to tho metal. the hydrogen evolution m acid solution, it is 

It is obviously a matter of great importance actually possible to deposit them from weak 
to know when all the metal has been deposited acid solutions. 

Under the conditions just assumed, the ugiount Group III.—Iron, nickel, cobalt. These 
deposited per unit of time may be taken as metals are more electropositive than hydrogen, 
roughly proportional to the amount still m solu- but, as the supertension of hydrogen is very 
tion. Tins being so, it follows that the amount low, these metals cannot bo deposited completely 
in solution wdl decrease in geometrical ratio from acid solutions. They uan, however, bo 
during successive equal intervals of time. It j deposited from acid solutions if a mercury 
we, therefore, make tho safe assumption that cathode is employed. 

tho concentration of tho metal has fallen to Group IV.—The metals of this group can 
under 1 p.e. of its original value in tho time either be deposited as oxides at the anode, or 
during which the potential and tho current have as oxides at the cathode. Tin; group comprises 
boen brought to their final value, it is clear the following metals: lead, thallium, manga- 
that by continuing the experiment half as long nose, chromium, molybdenum, uranium. Some 
again, the concentration of the metal will fall of them can, however, be satisfactorily deposited 
to under (H p.c., so that the deposition can be as an amalgam on a mercury cathode, 
considered linisbed. Group V.—The metals of this group are the • 

In cases where side-reactions occur, tho most strongly electropositive, and can only bo 
current does not fall to zero, but it generally deposited by using a cathode of mercury; but 
attains a constant value which allows it to be even then it is not possible in all cases to obtain 
seen when all tho metal has boen removed. In a quantitative separation. Tho metals of this 
certain cases this can be tested for chemically, group are aluminium, glucinum, oaloium, 
and by continuing the experiment for about strontium, barium, magnesium, potassium, 
half as long again as this reaction demands, the sodium, lithium, rubidium, caesium, 
metal may be safely assumed to have boen Group VI.—These are all anions, and their 
deposited completely. This method may be estimation has been rendered possiblo mainly 
adopted, for example, m the separation of lead through the work of Edgar Smith, who com- 
from cadmium, the former being roughly tested pletely deposits the metals by means of a meroury 
for by sulphurio acid. If none of these methods cathode and estimates the anions by titration or 
is available, the metal must be deposited to other appropriate method. The most important 
constant weight, or else th« separation must be anions analysed by this method are F', 0l\ Br', 
carried out under very carefully defined con* I', S0 4 ", C0 3 ", Fe(CN) 6 "", Fe(CN) 8 '", P0 4 '", 
ditions for a length of time proved by previous N0 3 '. 

experiment to be more than sufficient. • It lias not been found possible to analyse 

Sand has simplified the apparatus necessary organic anions by electrolytic methods, beoause 
for the potential measurements by fitting all the they are either decomposed or various reactions 
apparatus required for tho measurement of tho more or less complicated take place. Thus, 
electrode potential into a single box. Full par- for example, when the acetate anion is given up 
ticulars will be foui d in Trans. Faraday Soc. at the anode, ethane is produced, which, of 
1909, 162. course, is given off in the form of a gas. 

F. M. Perkin uses the apparatus depicted in • 

Fig-67 for working with graded potentials. The Nature of Deposit. , 

vessel containing the electrolyte lias a tube Sand (Trans. Chem. Soc. 1907, 383) has 
fused into the side. Into this side tube the ‘theoretically and practically worked out the 
capillary end of the auxiliary electrode is conditions necessary for obtaining adherent metal 
inserted. danoaits. ' 



314 


ANALYSIS. 


in metal separations, the solution is allowed 
to run out until its level drops almost to the 



Fio. 65. 

end of the anode. Fiosli water is then run in, 
and the operation repeated until the ammeter 
needle pomts to zero. For purposes of steadi¬ 



Fio. 66. 


ness the vessel is held between clips on a copper 
plate. 

By means of the mereuiy 
cathode not only can the cations 
be lapidly and accurately deter¬ 
mined, but also the amons re¬ 
maining in the solution. 

Various substitutes for plati¬ 
num electrodes in electro-ana¬ 
lysis have been suggested (see 
Nicolardot and Boudet, Bull. 
Soc. chim. 1918. [iv.] 23, 387), 
e.ff. gold, gold-platinum alloys, 
copper, and certain proprietary 
iron-Mloys. An alloy of gold (7) 
and platinum (1) serves well in 
all circumstances for cathodes. 



increase slightly in weight, but return to 
their original weight and appearance when 
heated to 300° (Analyst, 1919, 38). 

Method of Graded Potential. 

Kach metal has a particular potential at 
which it begins to bo deposited; below this 
potential it is not possible to deposit the metal. 
It follows, therefore, that when doalmg with a 
solution containing the salts of two or more 
metals it will be possible, provided the deposition 
potentials of the metals do not lie too near 
together, to deposit the metals separately, by first 
working with the lowest potential at which one of 
the metals will be deposited. When this metal 
has been deposited the. next one m the potential 
senes will be deposited by raising the potential. 

This method of analysis was suggested by 
Kiliani in 1883, and was further elaborated by 
Kreudcnberg working in Ostwald's laboratory 
(Zeit physikal. Chom. 12, 97). But it was 
il J. 8. .Sand (Trans (’hem. Soc. 1907, 373) 
who first worked out the method and used the 
apparatus with the rotating cathode already 
mentioned. The potential is kept at constant 
value by means of an auxdmuj elect?ode. Such 
an auxiliary eleetiode, designed by Sand, is 
illustrated in Fig. 65. It js a mercury-mercurous 
sulphate 2 J .V-Bulphuno acid electrode. The 
Mill ctive featured the electrode is in the funnel 
f, and connecting glass tube ah. The two-way 
tap allows the funnel f 
to be connected with 
either limb of the glass 
tube ab, or closes all parts 
from each other. The 
limb a permanently con¬ 
tains the 2iV-sulphuric 
acid solution of the elec¬ 
trode. But the limb b 
is tilled for eacli experi- 
Cathode ment * rom the funnel f 
with a suitable connect¬ 
ing liquid, generally 
sodium sulphate solution. 
The end of e is made of 
thin tube of about 1 \ mm. 
bore, and is bent round 
several times to minimise convection. While 

the electrode is m use, the tap, which must 

be kept free from grease, is closed, the film 
of liquid held round the barrel by capillary 
attraction, making the electrical connection, 
but towards the end of a determination, a few 
drops are run out in order to expel any salt 
which may have diffused into the tube. 

Electrical connections .—For separations by 
graded potential the electrical connections must 
dc made as shown in Fig. 66 a and h. The 
bfcttery is connected directly to the two ends of 
a sliding rheostat, the electrolytic cell to one 
of them and the slider. It is essential that 
the sliding contact should bo good. The 
arrangement adopted for the measurement of 
the potential-dmeronce auxiliary electrode- 
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with platinum. 
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As anodes such electrodes are i cathode is one which has been frequently em- 
Insa ^satisfactory and must not plowed in electro-chemical research. The elec¬ 
tromotive force to be measured is bala n ced 
against a known electromotive force by means 
of a capillary electrometer. The known electro¬ 
motive force is drawn from a sliding rheostat, 
the ends of which are connected with one or 


be used for the anodic deposition 
of lead, nor with cyanide elec¬ 
trolytes, unless electro-plated 
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ammonia. This formation of ammonia causes 
the deposit to be spongy and of a bad colour, 
when it is difficult to wash and weigh. For run¬ 
ning over-night about 2 c.c. extra of nitric acid 
should be added for every 100 c.c. of solution. 

The deposits obtained with sulphuric aoid 
are generally not satisfactory, but of all the 
copper deposits that obtained from solutions 
containing potassium cyanide is the most 
beautiful. 

Potassium cyanide— The colour of the 
deposited metal is pinkish red, and perfectly 
■mooth. But, from other points of view, the 
deposition from cyanide solutions has no 
advantage over the doposits obtained from 
solutions containing nitric acid. The copper 
salt is dissolved m about 30 or 40 c.c. of dis¬ 
tilled water, and then a freshly prepared solution 
of potassium cyanide added, until the precipi¬ 
tate first produced is dissolved. Slightly more 
potassium cyanide than is necessary to dis¬ 
solve the precipitate should be used, but any 
considerable excess must bo avoided. Generally 
speaking, from 1 to l-fi grams of potassium 
cyanide should be used for every gram of copper 
salt taken. 

The C.D. employed should be from 0-8 to 
1*2 amperes. The E.M.F. required in eold 
solutions will be found to be about £M> volts; 
in warm solutions, from 4 to<5 volts. Thc*wholo 
of the copper is deposited in 2 to 2£ hours. 

Rapid methods.— By employing rotating 
electrodes, either rotating anode or catholic, 
copper may be completely deposited in a few 
minutes. Thus Sand, by using his apparatus, 
was able to completely deposit the copper from 
0-25 gram copper sulphate in 0 minutes, the 
number of revolutions of the anodo per minute 
being about 800; in that of Fischer the copper 
from 03 gram copper sulphate was deposited 
in 10 minutes, the speed of revolution being 
1000 to 1200. In the one caso a rotating anode 
was employed and in the other the cathode was 
rotated. The electrolyte in both cases contained 
free nitric acid. Cyanide solutions give, however, 
oqually satisfactory results. 

Edgar Smith, by employing a rotating anode 
and mercury cathode, has deposited quantita¬ 
tively 0-789 gram of copper in 10 minutes, and as 
much as 0*3945 gram per 4 minutes, the solutions 
containing sulphuric acid. The advantage of 
the mercury oathode is that almost any electro¬ 
lyte can be employed equally satisfactorily. 
Indeed, the pure salt of the metal may be 
dissolved in water and electrolysed without the 
addition of any acid or other electrolyte. When 
the whole of the metal has been deposited, the 
solution is run off, and maj* then be titrated in 
order to determine the anion, e.g. S0 4 ". 

Silver. f 

Silver can host be deposited from solutions 
containing potassium cyanide. From solutions 
containing other electrolytes it is apt to be de¬ 
posited in a crystallmo feathery form, and conse¬ 
quently does not adhere well to the cathode. 
There is, however, a tendency for the results 
to be slightly too low when cyanide solutions 
are employed. It is very important that only 
the purest potassium cyanide bo used in making 
up the solutions. For 0-5 gram of a silver salt 
about 3-4 grams of potassium cyanide will 
usually be found sufficient. With a C.D. of 0-5 


to 1 *0 ampere, and a temperature of 50°-60°, 
the silver will be deposited in from 1 to 2 hours. 
Using a cold solution and with a C.D. of from 
0-2 to 0-35 ampere, the time required is from 
4 to 4-5 hours. The deposit should either be 
washed by siphoning, or the electjpde must be 
very rapidly removed from the electrolyte and 
dipped into water, in order to avoid loss by the 
solvent action of the potassium cyanide. 

With rotating electrodes the silver can be 
deposited within a few minutes. By using an 
auxiliary electrode and rotating the anode 
vigorously, Sand was able to deposit silver from 
arnnioniacal solutions in 7 to 8 minutes. 

Smith, by using a mercury cathode and 
rapidly rotating anode deposited 0-2240 gram of 
silver from silver nitrate in 4 minutes. At the 
commencement of the operation an anodic 
deposit of silver peroxide was obtained, Bbt 
after a minute, or two this disappeared. 

Mercury. 

Many methods have boon devised for pre¬ 
cipitating mercury on platinum cathodes, and 
gome of them give quite satisfactory results. 
When mercury is deposited on a platinum dish, 
or on a wire gauze electrode, it spreads evenly 
over the surface as a thin metallic film, which, 
however, is inclined to run together as the 
amount of mercury on the electrode increases 
in quantity. After the mercury has been 
deposited, tbo electrode is washed with water 
m the usual way, then in absolute alcohol, and 
finally in absolute ether. The last traces of 
ether may bo removed by blowing dry air on 
to the electrode. 

On no account may the mercury-coated 
electrode be heated. If the electrode is washed 
once in 90 p.c. alcohol, and then placed in a 
beaker of anhydrous acetone for a minute, it 
may then be dried without using ether. It is 
always advisable, before weighing, to place Che 
electrode in a desiccator for 20 minutes. The 
desiccator should have a dish in it containing a 
little metallic mercury, because even at ordinary 
temperatures mercury volatilise* to a small 
but appreciable extent. 

The mercury can be removed from the 
electrode by beating in the Bunsen flame, but- 
owing to the tendency for electrolytically 
deposited mercury to alloy with platinum, the 
electrode is almost invariably marked with 
blaok stains, and a slight loss in weight takes 
place. For this reason some workers prefer to 
plate the electrode with copper or silver before 
using. These difficulties are, however, entirely 
eliminated by using a mercury cathode; in fact, 
it is strongly recommended to employ always a 
mercury cathode when dealing with mercury. 

Many electrolytes have been suggested, and 
all give more or less satisfactory results. Thus, 
the mercury salt may be dissolved in water 
and electrolysed in presence of a small quantity 
of sulphuric, hydrochloric, or nitrio aoid. With 
sulphuric acid, from 1 to 2 c.c. of the concen¬ 
trated acid are added to each 100 c.c. of 
solution, and electrolysis conducted with a 
C.D. of 0-3-0-8 ampere per square decimeter, 
which is finally increased lo 1 ampere towards the 
end of the operation. With rotating Electrodes, 
currents of from 4 to 6 amperes per square deoi- 
meter may be employed. The temperature of the 
electrolyte may* be 50 # -60°, but not higher. 
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Sometimes, owing to the reducing action of the 
hydrogen given off at the cathode, mercurous 
salts are precipitated. The addition of small 
quantities of ammonium persulphate will cause 
them to go into solution again. The con¬ 
ditions with the other acids mentioned are 
very pimilar to those required for sulphuric 
acid. Potassium cyanide is not to be recom¬ 
mended, owing to slight solution of the anodo 
taking place. 

Sodium sulphide gives very satisfactory 
results, but care must be taken to employ a 
very pure solution of salt. From 25 to 30 c.c. 
of the concentrated solution of sodium sulphide 
are required for every 100 c.c. of solution. The 
solution should be boated to about 05°, and for 
stationary electrodes a C.D. of 0-15-0*25 ampero 
per square decimeter used. With rotating 
electrodes from 3*to 6 amperes per square 
decimeter may be used. 

With mercury electrodes rotating anodes are 
almost invariably used, and high-current densities 
can be safely employed. The whole of the mer- 
oury can be deposited in from 15 to 25 minutes. 

Cinnabar may be dissolved in aqua regia, 
the solution evaporated to dryness. The 
residue iB then taken up with water, filtered from 
gangue, and then directly electrolysed after the 
addition of a small quantity of nitric acid. 

Gold. 

Gold may be deposited from its solution 
in cyanide or in sodium or potassium sulphide, 
or in ammonium thiocyanate. The drawback 
to using potassium cyanido is the tendency for 
the anodo to go into solution. But with low- 
current densities, this only takes place to a 
small extent. The solution is made up by 
adding rather more than the quantity necessary 
of potassium cyaside to bring the gold salt into 
a clear solutfbn. With stationary electrodes 
a»C.D. of 0-6-0-8 ampere is employod at a 
temperature of 60°-60°, the metal being de¬ 
posited in the course of 2 to 3 hours. With 
rotating electrodes a current of about 3 amperes 
may be employed, when the metal will be 
deposited in about 30 minutes. 

Sodium unlphtde .—From 20 to 25 c.c. of a 
saturated solution of sodium sulphide are used 
for every 100 c.c. of solution. With a C.D. of 
from 0T to 0-3 ampere the metal will be de¬ 
posited in from 4*5 to 5*5 hours. With rotating 
electrodes and high-current densities, the results 
are too high, owing to deposition of sulphur 
along with tho gold. 

Ammonium thiocyanate .—5 to 7 grams of 
ammonium fchioycanate are dissolved in about 
80-90 c.o. of water at 70* to 80°, and the gold 
solution run slowly in with constant stirring. 
The clear solution is electrolysed at a temperature 
of 40 # -50° with a C.D. of 0*2-0-55 ampere, the 
metal being deposited in from 1*5 to 2 hours. 
This method has not been tried with rotating 
electrodes. The precipitation of small quantities 
of yellow canarine in the electrolyte during 
electrolysis does not interfere with the reaction. 

E. F. Smith obtains good results by electro¬ 
lysing a gold chloride solution, using a mercury 
cathode. In order 4o prevent the chlorine 
evolved attacking the anode, fr^m 10 to 12 c.c. 
of toluene are added. The time required to 
deposit 0*15-0*2 gram of gold is about 6 to 
7 minutes. 


Most solvents for gold will also attack the 
platinum cathodo. Aqua regia, for example, 
cannot be used to dissolve the gold from tho 
platinum. F. M. Perkin recommends a dilute 
solution of potassium cyanide to which is added 
4-5 c.c. of hydrogen peroxide, or from 2 to 3 grams 
of an alkali persulphate. On gentle warming 
the deposit is removed in a few seconds. 

2Au+4KCN+H 2 0 3 =2KAu(CN) a +2K0H. 

Platinum. 

Like gold, platinum can be deposited from 
solutions containing free mineral acids, but 
unlike gold, which from these solutions is 
deposited in a non-adherent form, »t may be 
deposited with very feeble currents in a hard 
and reguline condition. With high currents and 
with stationary electrodes the metal is always 
deposited as platinum black. With a current 
of from 0 01 to 0*05 at a temperature of 50°-60°, 
about 0*1 gram of platinum can be deposited in 
4*5 to (> hours. Julia Langness (J. Amer. 
Chcm. Soc. 1907, 459), by using a rotating 
cathode, deposited 0*2 gram of platinum from a 
solution of K 2 Pt(!l 6 in 5 minutes. But the 
current, 17 amperes, must be looked upon as 
excessivo for analytical purposes. 

Before depositing platinum it is advisable to 
coat the cathode with silver. 

Rhodium. 

This metal may be deposited on to a silver- 
coated electrode from solutions acidified with 
phosphorio acid. A current of 0*18 ampere 
is used. As the process continues, the purple 
colour of tho solution gradually disappears and 
becomes colourless, when the deposition is 
finished With a rotating anode the metal 
may be deposited from solutions weakly acidu¬ 
lated with sulphuric acid in about 15 minutes 
with a current of 8 amperes, and with a current 
of 14 amperes in 5 minutes. The deposited 
metal has a black colour, but is quite ad¬ 
herent. 

Palladium. 

In order to obtain a dense and firmly 
adhering deposit of this metal from acid solu¬ 
tions, it is, according to Amborg (Zeit. f. 
Elektrochcm. 1904, 386, 853, and Annalen, 
1905, 236), necessary that tho potential should 
not exceed 1*26 volts. With stationary elec¬ 
trodes tho process is very slow, and polarisation 
at tho anode takes place, owing to the formation 
of oxy- compounds. On the other hand, by 
using a rotating electrode and solutions of 
palladium ammonium chloride with 30 p.o. by 
weight of sulphuric acid and a C.D. of from 0*23 
to 0*60 ampere, as much as 0-3-0*9 gram may 
be deposited in from 3*5 to 5 hours. 

Julia Langness, by using currents of from 
15 to 17 amperes, and an ammoniacal solution, 
ha$ obtained quantitative deposits in from 3 to 
5 minutes. 

Antimony. 

This metal may be deposited from its thio- 
salts, particularly sodium thioantimonite, a 
method originally suggested by Classen. During 
the electrolysis there is, however, a danger, 
owing to the deposition of sulphur at the anode, 
for sodium thioantimoniate to be formed, and 
this prevents the quantitative deposition of 
the metal. A. Fischer (Ber. 1903, 2174) recom¬ 
mends the addition of potassium oyanide to the 
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electrolyte, which prevents the formation of the J 
thioantimoniate, thus: 

N a S 4 +3KCN=3KCNS+Na a S. 

There is one difficulty when sodium sulphide 
is used—the results obtained are usually shghtly 
too high. This is duo to the occlusion of small 
quantities of sulphur along with the metal. 
For this reason large quantities of metal should 
not be deposited by this method. The antimony 
salt is dissolved in 60-80 c.c. water made just 
alkaline with sodium hydroxide, any precipitate 
being ignored, then 20-25 c.c. of a fresh saturated 
solution of sodium sulphide added, and 2*5-3 
grams of potassium cyanide. The solution is 
then electrolysed at from 30°-40°. With j 
stationary electrodes the metal is deposited in j 
from 4-5 to 6 hours; when rotating electrodes I 
are used, in 30 to 45 minutes. 

F. M. Perkin and H. 1}. Law (Trans. Faraday 
Soc. i. 262) recommend neutral tartrate solu¬ 
tions. The antimony salt is dissolved in water, 
and from 8 to 10 grams of ammonium tartrate 
added; if necessary, the solution is neutralised 
with dilute ammonia. At a temperature of 
from 70* to 80°, and a C.D. of 0-25-0-55 the metal 
can be deposited with stationary electrodes in 
from 2-5 to 3 hours. 

Sand (Chem. Soc. Trans. 1908, 1572) dis¬ 
solves the metal in 20 c.c. of4iot cone, sulphuric 
acid, and dilutes tho cold solution to 80 c.c. 
The solution becomes turbid owing to hydro¬ 
lysis, but thi3 disappears during tho electrolysis, 
and does not affect the result. The auxiliary 
electrode potential is kept at from 0-55 to 0-05, 
but may be increased to 0’75 toward the end 
of the process. The time required to deposit 
0-35-0*45 gram of metal is from 20 to 35 minutes 
with an anodic rotation of about 800 revolutions 
per minute. Small quantities of hydrazine 
sulphate (0'5-0-G gram) are added to reduce 
any antimomal salts which may be formed. 

Bismuth. 

Until the advent of rotating electrodes, and 
particularly of the method of graded potential, 
bismuth was one of the most difficult metals 
to deposit, since it almost invariably came 
down in a powdery and non-adherent form. 
These remarks do not apply to the mercury 
cathode. According to Kollock and Smith 
(J. Amer. Chcm. Soc. 27, 1539) to a solution 
containing about 0-2 gram of the metal as nitrate, 
the volume of which should not exceed 12 c.c., 
0*5 o.c, of strong nitric acid is added. A current 
of about 4 amperes is passed, and the whole 
of the bismuth will '»o precipitated in from 12 
to 15 minutes. The anode should be very 
rapidly rotated, so that thS mercury may take 
up the bismuth as it separates, otherwise it 
may collect in a black mass beneath tho anqfle. 

Sand (Chem. Soc. Trans. 1907, 373) uses a 
solution containing tartaric acid; any oxcess of 
nitric acid, which may bo in the original solution, 
is removed by the addition of sodium tartrate. 
By means of the auxiliary electrode, tho cathodo 
potential is maintained between 0-63 and 0*9 
volt. The anodo is rotated at 800 revolutions 
per minute. In one case the amount of metal in 
the solution was 0-2 gram, 2 5 c.o. of nitric acid 
(1:4) was added, and 8grams of sodium tartrate. 
With a ourrent varying from 0*2 to 3 amperes the 
metal was deposited in 9 minutes. 


A. Fisher uses an electrolyte containing 
for each 0-5 gram metal, 10 grams of potassium 
oxalate, and 5 grams of Rochelle Balt. By 
means of an auxiliary electrode, the cathode 
potential is kept at 0-8 volt. Tomperaturo of 
solution, 75°; time required, 11 to 15 minutes. 
Tin. • 

Tin can be satisfactorily deposited from an 
ammonium sulphide solution. Sodium sulphide 
is not satisfactory ; indeed, tin is not throwm 
out from strong solutions at all. Hence, we 
havo here a method of separation of antimony 
and tin. If the tin solution is pcid, it is first 
neutralised with ammonia, and then sufficient 
yellow ammonium sulphide is added to dissolve 
the precipitate and form a clear solution. With 
stationary electrodes and a current of 1*0-1 *8 
amperes, the tin will be deposited in from 3 to 
4 hours. • 

With rotating electrodes the metal can be 
deposited in from 15 to 35 minutes, depending 
upon the current employed, and the temperature 
of the electrolyte. Currents of from 1*8 to 8 
amperes have been successfully employed. 

A mercury cathode also gives very good 
results. The tin salt is dissolved in dilute 
sulphuric acid, and electrolysed with a current 
of from 2 to 5 amperes. From 0*5 to 0-8 gram 
can bo deposited in from 8 to 12 minutes. 

When platinum electrodes aro employed, 
considerable difficulty may be experienced in 
removing tho deposit. The simplest method 
is to make the electrode on whioh is the deposit, 

: the cathodo in dilute sulphuric acid, a piece of 
l copper wire serving as cathode. Some workers 
j prefer to coat the electrode with copper, and then 
the copper with tin. the tin being deposited from 
an ammonium oxalate solution ; this proceeding, 
however, is tedious. • # 

Tellurium. 

Finely powdered tellurium is dissolved in*a 
few c.c. of cono. sulphuric acid. The white 
anhydride so obtained is washed with a little 
| freshly boiled water into tho electrolysing vessel, 
and then 80 c.c. of a 10 p.c. solution of pyrophos- 
phoric acid or sodium pyrophosphate added. 

| The solution is then electrolysed with a C.D. of 
0*1 ampere. Time of deposition, 4 to 5 hours 
When a rotating electrode is employed, the time 
of deposition is much accelerated. 

Group II.—Zinc. 

Zinc is rather a difficult metal to deposit 
satisfactorily and quantitatively, and a very 
large number of methods have been suggested 
by different workers. Although it is -f0*77 
volt moro positive than hydrogen, it can be 
deposited from slightly acid solutions, owing to 
the high superteneion of hydrogen evolution 
from the surface of zinc, the supertonsion of 
hydrogen being 0*70 volt. 

With zino it is advisablo always to employ 
rotating eloctrodes. Tho electrodes need not, 
however, bo made of platinum; nickel, par¬ 
ticularly in the form of gauze, answers equally 
well. 

Price and Judge (Trans. Faraday Soc. 1907, 
88) use an electrolyte containing sulphurio 
acid w hich must not be mote than JA r and sodium 
sulphate. • * 

It is, in fact, better to keep the normality 
of the acid rather lower than one-sixth. By 
starting with a C^D. of 0*25 ampere and increasing 
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to 2'0 amperes about 0*2 giam of metal nan be j 
deposited in 40 minutes. 

Owing to acetic acid being much less dis¬ 
sociated than sulphuric acid, solutions containing 
considerable quantities of this acid may be used. 
Thus, Exner (J. Amer. Chem. Soc. 1903, 896) 
deposited 0*28 gram zinc with a current of 4 
amperes in 15 minutes. The electrolyte con¬ 
tained 3 crams sodium acetate and 0-30 p.c. 
acetio acia. A. Fischer (Chcm. Zeit. 1907, 25) 
takes 1 c.o. cone, sulphuric acid, 3-5 c.c. cone, 
ammonia, 1*5 c.c. acetic acid, and 2-5 grams 
ammonium acetate. A. Classen (Quant. Analyse 
d. Elektrochem. 1897, 15C) uses a solution of 
potassium oxalate, the zinc solution is added 
to a solution of from 4 to 5 grams of potassium 
oxalate. As soon as the electrolysis has started, 
it is advisable to <idd a few c.c. of a 1 p.c. 
Solution of oxalic acid. Ammonium salts must 
be absent. 

Kollock and Smith use a mercury cathode, 
and a solution of zinc sulphate or zinc sulphate 
acidified with sulphuric acid. 

Zino adheres somewhat firmly to platinum 
eleotrodes, and, if left on for some time, seems 
to alloy with the electrodes. If, however, it 
is removed shortly after the electrolysis, no ill 
effect is produced. The best method to remove 
the deposit is to warm the electrode in a strong 
solution of sodium hydroxide. 

Cadmium. 

Although cadmium is electropositive to 
hydrogen by as much as (M2 volt, yet, owing to 
the high supertension of hydrogen with this 
metal, it is possible to deposit it from acid 
solutions. Owing, however, to the depolarising 
aotion of nitrio acid, nitrates should not be 
present; on the other hand, small amounts 
of chlorides da nbt seem to matter. 

Cadmium may be deposited from solutions 
containing small quantities of free sulphuric 
acid. It is usually advisable to add, after the 
bulk of the cadmium has been deposited, the 
equivalent amount of sodium hydroxide to 
neutralise the sulphuric acid which has been 
set free through the deposition of the metal. 
In 100 o.c. of solution. 1 c.c. of concentrated 
sulphuric acid may be added before commencing 
the electrolysis. With stationary electrodes and 
a current of 0*1 to 0-35 ampere, the metal is 
deposited in from 3 to 4 hours; with a rotating 
electrode and a current of 4 to 6 amperes, the 
deposition is complete in 20 minutes. The 
deposition from cyanide solutions is the simplest 
and most easy to carry out. A solution of 
potassium cyanido is added to the cadmium 
solution until the precipitate first produced is 
dissolved, and then about half the quantity 
already added is run in. It is advisable also to 
add about 2 c.c. of a normal solution of sodium 
hydroxide. With stationary electrodes and a 
current of 0-15-0-35 ampere at a temperature 
of 50°, the deposit is complete in from 4*5 to 
5-5 hours; with rotating eloetrodo and a 
current of from 5 to 8 amporos, in from 15 to 
30 minutes. 

Group III.—Iron. 

It is not often that the analyst requires to 
deposit Jton clcctrolytically, owing to the very 
satisfactory methods of titration and precipita¬ 
tion. Iron cannot bo deposited from acid or 
even from neutral salt solutioq upon a platinum 


electrode, owing to its being so much more 
electropositive tnan hydrogen—0-34 volt, while 
the supertension of hydrogon is only 0-08 volt. 
Kollock and Smith (Proc. Amer. Phil. Soc. 44, 
149, and 45, 261) have, however, succeeded in 
depositing iron from weak acid solutions by 
means of a mercury cathode, the iron as it is 
deposited amalgamating with the mercury. 
Tho method described by these authors is as 
follows :— 

Five c.c. contained 0*2075 gram of iron. 
Three drops (40 drops=1 c.c.) ot concentrated 
sulphuric acid were added to it, when it was 
electrolysed with a current of 3 to 4 amperes 
and 7 volts. The anode made from 500 to 900 
revolutions per minute. The iron was com* 
plelely deposited in 7 minutes. The water 
was then siphoned off and the amalgam washed, 
as in all previous cases, with alcohol and water. 

From its oxalate, tartrate, or citrate solutions, 
iron may be satisfactorily deposited, but in all 
cases traces of carbon are deposited along with 
the metal. By employing low-current densities, 
the amount of carbon deposited from oxalate 
and tartrate solutions is negligible, but irom 
citrates the results are almost always consider¬ 
ably too high. 

Ammonium oxalate ,—This method was first 
suggested by Classen (Zoit. f. Elektrochem. i. 
288)*and is the o.ie most generally employed. 
The iron solution, which should be free from 
chlorides and nitrates, must bo poured into the 
solution of amnion mm oxalate, if it is in a 
fenous condition, otherwise a precipitate of 
ferrous oxalate may be formed which is difficult 
to dissolve. With ferric salts the order of 
adding does not matter. 

Dissolve 5-7 grams of ammonium oxalate 
or acid ammonium oxalate in a small quantity 
of hot water, and to this add the iron salt also 
dissolved in a little water. The solution js 
then made up to the required bulk, and electro¬ 
lysed with a C.D. of from 0-6 lo 12 amperes. 
Time of deposit from cold solutions and with 
stationary electrodes, 4 to 5 hours; from 
solutions at 50°-G0°, m 2 to 2*5 hours. As the 
electrolysis proceeds, it will sometimes be 
noticed that a small quantity ol ferric hydroxide 
separates. This is due to the solution becoming 
slightly alkaline, owing to the decomposition of 
tho oxalate by the current. {Should the hydrox¬ 
ide be thrown out, small quantities of oxalic aoid 
must be added. 

With rotating electrodes the time of electro¬ 
lysis is from 14 to 20 minutes. 

With tartrate solutions the results are equally 
good. The method of procedure is similar lo 
that described for ftxalates, ammonium tartrate 
being used in place of the oxalate. Tho 
ac^vanta^o of the tartrate method is that 
ferric hyaroxide is never deposited; consequently, 
it is not necessary to add tartaric acid, and thus 
less attention is required. 

Nickel. 

Nickel and cobalt are difficult to detormine 
by general analytical methods, but they can 
both be readily and accurately analysed by 
electrochemical means. 

Although many methods have been suggested 
for the deposition of nickel, few of these are 
of practical importance. Most of them depend 
upon the use of tho salts of organio acids. In 
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such cases there * is a tendency for traces of 
carbon to be deposited with the metal. The 
most useful and generally applicable method 
for depositing nickel is that of Fresenius and 
Bergmann (Zeit. f. Anal. Cliem. 33, 9), in which 
the double salts of potassium and nickel or 
ammonium sulphate together with excess of 
ammonia are used. 

The nickel salt is dissolved in water and 
mixed with an aqueous solution of from 4 to 5 
grams of ammonium sulphate, and from 30 to 
35 c.o. of strong ammonia. If more than 1 gram 
of the nickel salt is employed, larger quantities 
of ammonia should bo added. As, however, 
large quantities of strong ammonia are apt to 
contaminate the atmosphere, it is better to 
work with smaller quantities of nickel. Nitrates 
should be absent, as their presence considerably 
retards the rate of deposition. With a current 
of 1-1'5 ampere per sq. dcm., the metal will 
be deposited in from 2 to 2-5 hours; at "a 
temperature of 60°-60°, the timo wdl be from 
1*5 to 2 hours; with rotating electrodes, in 
from 15 to 30 minutes, depending upon the 
conditions and the form of apparatus. The 
metal is usually deposited as a brilliant plating 
on tho electrode. The deposit is at times some¬ 
what difficult to remove, and, owing to its 
appearance being rather like polished platinum, 
it is not always easy to ascertain whether It hat 
been completely dissolved off. The best method 
of removing the metal is to warm the electrode 
in moderately strong sulphuric or nitric acid.. 

Other methods employed are the double 
oxalato method of Classen and Von Reiss i 
(Ber. 14, 1622); ammonia and ammonium j 
borate, by F. M. Perkin and W. C. Prebblo 
{Trans. Faraday Soc. 1904, 103). Kollock and 
Smith (Proc. Amor. Phil. Soc. 45, 262) have 
used a mercury cathode successfully, tho time 
of deposition being from 7 to 20 minutes. An 
amalgam of 40 grams mercury and 1 gram 
nickol has the consistency of soft dough, and is 
bright in appearance. 

Cobalt. 

Cobalt may be deposited from an ammonium 
sulphate, ammonium hydroxide solution similai 
to that used in the oase of nickel. But as a 
rule the results obtained are too low, owing to 
the tendency for peroxide to be formed on tho 
anode. 

F. M. Ferkin and W. C. Prebble (Trans. 
Faraday Soc. 1905, 103) use a solution con¬ 
taining dihydrogen sodium phosphate and 
phosphoric acid. Tho solution is made up by 
adding 2 c.c. of a 5 p.c. solution of phospnorio 
acid to the solution of the cobalt salt in 70-80 c.c. 
water and then 20-25 c.c. of a 10 p.c. solution 
of dihydrogen sodium phosphate. The elec¬ 
trolysis should bo commenced cold with* a 
ourrent density of 0-2-0-3 ampere per sq. dcm.; 
after about 50 minutes tho solution is warmed 
to 50° or 60°, and the current increased to 1 -2 
ampere. If, as often happens, some peroxide is 
deposited on the anode, it can be removed by 
the addition of O-2-O-o gram of hvdroxylamino 
sulphate. After the solution has become 
colourless, about 1 o.c. of Af/l-ammonia should 
be added. The time necessary with stationary 
electrodes is from 4 to 5 hours. The depqsit 
is extremely bright, resembling polished 
platinum. 


The only methods which have been tried 
with rotating electrodes are solutions containing 
ammonium acetate and solutions with sodium 
formate. With currents of 8 amperes, L. Kol* 
j lock and E. F. Smith (J. Amer. Chom. Soo. 
29, 797) succeoded in depositing ^-3 gram of 
cobalt in from 30 to 40 minutes. 

(Ikoup IV.—Lead. 

Owing to its ready oxidisability, it is difficult to 
deposit lead satisfactorily on the cathode. Except 
■ in cases of separation from other metals, indeed, 
l it is of no advantage to deposit it at the cathode. 
Sand has, however, found it a convenient method 
to separate lead from cadmium and bismuth 
I (diem. Soc. Proc. 22. 43). 

From dilute solutions of nitrio acid lead is 
partially deposited as metal on the cathode, 
and partially as peroxide St the anode. It is 
therefore necessary to have about 20 o.o. f»f 
nitric acid (1:4) to every 100 c.o. of electrolyte. 
Arsenic, manganese, selenium, and bismuth 
should be absent, and according to Vortmann 
(Annalen, 351, 283), antimony, silver, meroury, 
zinc, iron, cobalt, aluminium, and the alkali 
metals also cauBe the results to be high. Chromic 
acid should also be absent, and phosphoric aoid 
retards the deposition. The lead salt is dis¬ 
solved in water, and from 25 to 30 c.o. of strong 
nitrio acid addod. The electrodes used, whether 
stationary or rotating, should be roughened by 
the sand blast. With stationary electrodes 
and a current of from 1-3 to 1*8 ampere at a 
temperature of 60*-70°, the deposition will be 
complete in from 1 to 1-5 hours. At the com¬ 
mencement of the electrolysis a yellowish 
deposit is obtained which becomes orange or 
red, and finally dark-brown or black. 

With rotating electrodes, tho time of deposi¬ 
tion is from 10 to 25 minutes. * • 

At the end of the electrolysis the eloctro^e 
is well washed by placing it in hot water, then 
washed with alcohol ana ether, and heated to 
; 220° in tho air-bath for an hour. It must be 
cooled in a desiccator; the weight of the 
deposit is multiplied by the factor 0-868. 

The beet method to remove the deposit from 
the electrode is to warm it with equal volumes 
of nitrio acid and water to which 4 -5 grams of 
gluoose has been added. 

Lead does not givo satisfactory results with 
a mercury cathode. 

Manganese. 

Manganese can only be deposited as oxidd 
at the anode. It is, however, much more 
difficult to deal with than lead, as the deposit 
is apt not to adhere well. It is absolutely 
| essential to employ roughened electrodes. 
Mineral acids cannot be employed. The most 
satisfactory electrolyte is one containing am¬ 
monium acetato, and Engels (Zeit. Elektroofiem. 
jii. 413) has shown that the addition of small 
! quantities of chrome alum helps to cause the 
deposit to adhere more firmly, probably owing 
tQ a depolarising effect. The manganese salt 
is dissolved in 40-50 c.o. of water, 8~10 grams 
of ammonium acetate added, and the solution 
electrolysed at a temperature of 76°-80 # , with 
a current of 0 6 to 1 ampere. Tltf depo¬ 
sition will be complete in from 10 to 2 
hours. 

With rotating eleotrodes the time will be 
about 30 minutesf In this case it ii as well to 
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add 10 o.c. alcohol to prevent frothing (J. Koster, 
Zeifc. f. Elektrochem. 10, 553). 


being 3-5 amperes, the electrolyte being either 
oold- or heated to 50 w . 

Molybdenum. 


The best way to asoerfcain if all the manganese 
has been deposited, is to employ the per¬ 
manganate test. Withdraw 1 or 2 c.c. of the 
solution, add 3 o.o. cono. nitrio acid, and about 
1 gram of red lead. Boil for a minute or two 
and dilute. A pink colouration indicates that 
the whole of the manganese has not beon 
romoved. 

When all the manganese has been deposited, 
tho electrode is washed as usual, and then 
strongly heated in order to convert the hydrated 
manganos© peroxide into trimanganose tetroxide 
Mn 8 S 4 . It is necessary to heat uutd the black 
deposit becomes a dull orange red. The weight 
of the deposit multiplied by 0-72 gives the 
weight of metallic manganese. 

Chromium. 

This metal cannot be deposited on the 
anode as peroxide; neither under ordinary 
conditions is it possible to obtain a cathode 
deposit. Kollock and Smith (Trans. Amer. 
Chcm. Soo. 27, 1905, 1255) have succeeded in 
depositing it in the form of an amalgam by 
employing a mercury cathode. 'The electrolyte 
consisted of dilute sulphurio acid. With a 
ourrenfc of 1-3 amperes 0-12 gram was deposited 
in 20 minutes. This method is useful for 
separating chromium from aluminium, which 
latter metal is not deposited as an amalgam. 

Classen (Ber. xxvii. 2000) oxidises 
chromio salts to chromates in an ammonium 
oxalate solution. 'This method is useful for 
separating chromium from iron, nickel and 
cobalt, and in the analysis of chromium steels 
and of chrome iron ore. The chromio acid pro¬ 
duced can be estimated iodometrically or by 
precipitation as lead or barium chromate. 

, The solution containing the iron and 
chromium salt has excess of ammonium oxabile 
added to it, and if free mineral aoid is present is 
neutralised with ammonia. It is then electro¬ 
lysed, when the iron is deposited at tho cathode 
and the chromium oxidised to chromate. Tho 
iron, when deposited in preaenoe of chromium 
salts, is usually very brilliant like polished 
platinum. When all the iron is deposited, the 
solution is romoved, fh p iron deposit dried and 
weighed, and tho chromium determined. If 
tho whole of the chromio salt has not been 
oxidised during the deposition of tbe iron, tho 
solution' is again olectrolysed. By using a 
rotating anode it is possible to completely 
oxidise 0-15 gram of a chromic salt, such as 
Cr g (S0 4 ) 5 or Cr f O] # in 90 minutes, the volume 
of the solution being 120 c.c. mid the amount 
of ammonium oxalate 15 grams. The electro¬ 
lyte should bo boated to 80°, and a current of 
from 5 to 5*5 amperes employed (Elcktron* 
alytisohe Schnellmethoden, p. 180). 

Uranium. 

Uranium is deposited at the cathode ..s 
oxide from solutions containing acetio acid or 
ammonium caibonate. The deposit consists 
of U s 0 4 ,3H 2 0. At the end of the operation 
this is heated siroug’y to convert it into U a O g . 

Wherry and Smith (Trans. Amer. Chem. Soc. 
29, 806), by using a rotating ‘cathode and an 
electrolyte containing in 125 c.c. 2-5-6-5 gram 
sodium acetate, deposited 0*25 gram of uranium 
in from 15 to 30 minutes, the* current employed 


From solutions containing dilute sulphurio 
acid, molybdenum can be deposited as peroxide 
at the cathode, but the deposit cannot be 
weighed as such. Wherry and Smith (Trans. 
Amer. Chem. Soc. 29, 806), therefore, oxidise it 
by means of nitric acid and weigh as MoO s . 

Thallium. 

Man}’ methods have been suggested for the 
electrolytic analysis of thallium, but only one can 
be considered satisfactory, and that is, by using 
a mercury cathode. By depositing the metal 
into pure mercury, it is found that portions arc 
lost on weighing ; but if the mercury contains a 
small quantity of zinc, this is not the case. 
Smith recommends to deposit the zinc and 
mercury simultaneously. In order to do this 
a definite volume of zinc sulphate solution of 
known strength is added to tho solution before 
electrolysis. The electrolyte consists of dilute 
sulphuric acid. Tho amount of zinc necessary to 
protect tho thallium is very small, and need not 
be more than 0*001 grain. With a ourronl of 
5 amperes it is possible to deposit as much aB 
0-2 gram in about 10 minutes. It is, howevor, 
advisable to electrolyse for a longer time. 

Group V.— Sodium. 

E. F. Smith (Trans. Amer. Chem. Soc. 25, 
1903, 890) was the first to show that tho 
metals of the alkali group could bo analysed 
electrolytically. Tho method is based on the 
removal of the halogen anion of the metal by 
causing it to unite with silver, the alkali metal 
remaining in the solution as hydroxide is deter¬ 
mined by lit ration; 
by ascertaining the 
increase in weight of 
the silver anode, tho 
halogon can be also 
determined. 

An ingenious ap¬ 
paratus has been 
devised by Hilde¬ 
brand (Trans. Amer. 

('hem. Soc 29, 1907, 

447) for the analysis 
of the cations of the 
alkali metals, and of 
barium and stron¬ 
tium ; and at the 
f.jne time of various 
anions. In 
principle 
the cell re¬ 
foe iu b 1 e s 
that of tho 
Castner- 
Kto liner 
process em¬ 
ploy ed in 
I the manu¬ 
facture of 
sodium” 
hydroxide. 

T h o 

outer cell _ 

( Fi s-. 6S ! Fio. 68. 

consists of 

a crystallising dish, 11 cm. in diameter and about 
5 cm. deep ; a beaker 6 cm. in diameter and 4 - 5 
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cm ' with the bottom cut off, is placed inside 
and rests on a triangle of glass rod placed on the 
bottom of the crystallising dish. The beaker is 
kept in position in the middle of the dish by 
means of three rubber stoppers fitted radially 
between it and the outer dish. Two compart¬ 
ments are thus formed, which are sealed off by 
means of mercury. In the outer compartment 
there is a ring consisting of six turns of stout 
nickel wire, provided with three logs dipping 
mto the mercury and serving to maintain the 
lowest winding of the nickel about l cm. abovo 
the surface of tile mercury, when sufficient is 
placed in the dish to seal off the two compart¬ 
ments. By means of .1 platinum wire passing 
trough a glass tube the mercury is made tho 
cathode The anode consists of two discs of 
platinum gauze hoavily plated with silver. 

Pure mercury must be used, and the coll 
must be kept scrupulously clean. Before 
starting tho cell, mercury is poured in so that its 
level is about 3 mm. abovo the lower edge of 
tho inside beaker. The solution to be electro¬ 
lysed is then put into tho inner compartment. 
In the outer one onough distilled wator to cover 
tho nickel wiro is placed, and to this 1 o.o. of 
a saturated solution of common salt. By this 
arrangement the amalgam formed in the inner 
compartment is immediately decomposed in 
the outer one. The sodium chloride serves 
merely to make tho liquid a conductor, so that 
the action raav, proceed more rapidly al tho 
commencement. Unless this is done, tho 
amalgam is not entirely decomposed in 
the outer compartment, because puro water 
does not attack it rapidly enough to prevent the 
p rtial decomposition in tho inside cell. After 
the electrolysis is complete, the entire contents 
of the ceil are poured mto a beaker, tho cell 
rinsod, and the alkali titrated. After titration 
the meroury is washed, the water decanted, aud 
the metal poured mto a large separating funnel 
from which it oan bo drawn off clean and dry. 

The annexed table gives the insults which 
were obtained by Hildebrand. 

The weighed gauze anode is clamped to the 
■haft. The latter is lowered mto ibe cell till 
the lower gauze is about 5 mm. from the surface 
of the mercury. The most convenient speed 
for the motor is about 300 revolutions per 
minute. The anode doeB not require washing, 
as the water after electrolysis is pure. It may 
be at once dried in the steam oven. 


Time : 
Mms. 

! Sodium in 
grams 

Volts Amperes-=- 

Trcsenfc Found 

Chlorine in 
grama 

1 

Present Found 

30 

4'0-2*5 0-50-0-02 0 0401 

o 

o 

o 

• 

0 0708 0-0704 

45 

S-5-2-5 0-34-0-01 0-0401 

_ 

0-0708 0-0700 

40 

3-5-3-0 0'50-0-Ul 0 0401 


0-0708 0-0704 

15 

4-0-3-5 O-OS-O'Ol 0-0461 

_ 

0-0708 0-0716 

30 

4-0-2-5 0-76-0-02 0-0461 

_ 

0-0708 0 0713 

55 

3-0 0-26-0-02 0-0461 

— 

0’0708 0-0709 


By means of this apparatus the halogen 
salts of the alkali metals can bo analysed. Also 
the halogen 6alts of baiiuin and strontium. In 
fact, any anion with any metal which will unite 
with silver to form an insoluble salt oan bo 


analysed, provided, of course, that the metallic 
salt is soluble, and that the metal will form an 
amalgam with the mercury. In the case of 
the alkali metals and of strontium and barium, 
the hydroxides of which are solublo in water, 
the cations are analysed by titration. With 
other metnls forming amalgams wnioh are not 
readily decomposed this method of analysis 
is not to be recommended, becauso, in the first 
place, Iho considerable quantity of meroury 
necessary is inconvenient to weigh, and, secondly, 
it requires to bo kept very pure, consequently 
the continual purification of such large quantities 
of mercury would be tiresome. 

Analysis of anions when umte.d with heavy 
metals. The SO* anion in such salts as copper 
sulphate may be analysed by electrolysing a 
known weight of copper stfiphato dissolved in 
I water with a mercury cathode and a platinutn 
anode as already described. When all the copper 
ha« been dopositod, the solution is siphoned off, 
the amalgam washed with water, and the wash 
water added to the original solution. The whole 
of the anode solution is then titrated with N- 
sodium hydroxide. The copper can, of course, 
be estimated by weighing tho amalgam. 

Separation oj sodium from calcium and 
magnesium. When calcium and magnesium 
salts aro electrolysed in Hildebrand’s apparatus, 
it is found that the hydroxides of these metals 
are precipitated in the inner cell. It has therefore 
been found possible to separate sodium from 
these metals by means of this apparatus. The 
outer cell contains all tho sodium as hydroxide, 
and the sodium can be determined by titration! 
The analytical results obtained are practically 
theorct ical. 

In a similar manner barium can be separated 
I fium calcium and magnesium. * • 

Arsenic. 

I It is not possible to deposit arsenio quantita¬ 
tively in the metalloid condition, neither can it 
be preoipitated at the anode as oxide. Arsenic 
is readily converted by nascent hydrogen into 
j arsouiuretted hydrogen, its ^gaseous hydride, 
A:JT 3 ; hence, electrolytio methods of analysis 
aro not usually employed for analysing arsenic 
compound*. It is, however, possible to estimate 
very small quantities of arsenio contained in 
i food, See., by electrolysis. The process consists 
in evolving electrolytio hydrogen in presence of 
the arsenio, wheroby the arsenic is converted 
into arseniurettod hvdrogen. Tho gaseous 
hydride is then passed through a glass tube, 
heated by a small Bunsen burner, as in the 
Maish apparatus, whereby the arsenio is de¬ 
posited upon the tube in the form of a mirror. 
In order to estimate the amount of the arsenic, 
the mirror is then compared with mirrors pre¬ 
pared from known quantities of arsenio. 

In 1812 Fischer (Gilbert’s Ann. 42, 92) sug¬ 
gested the employment of the eloctrio ourrent 
to detect the presence of very small quantities of 
arsenic. It was again suggested by Bloxam 
(Quart. Journ. Ohem. Soo. 1861, 13, 12 and 
338) in 1861, but the apparatus Lad several 
disadvantages, and never, came into practical 
use. Sinoe then various modifications h»ve been 
suggested by different authors, and, in 1903, 
Thorpe (Journ. Chem. Soo. 1903) describes a 
now form of apparatus which has been success¬ 
fully employod fbr the analysis of traces of 
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arsenio in food, beer, and other substances. 
It consists of a platinum cathode hung in a 
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glass cylindrical vessel, which is open at the 
end, and fits into a Pukal porous cell. The 
porous cell is surrounded by the anode, and 
stands in an outer vessel. The upper 
portion of the cylinder is open, and has a 
ground nock for the insertion of the drying tube 
filled with anhydrous calcium chloride* and j 
also carries the funnel, which is fitted with ai 
tap, through which the solution to be tested is I 
run in. A capillary tube is connected to 
the end of the calcium elilorulo tube. The 
middle of this tube is heated by means of the 
small Bunsen burner, ami is surrounded where 
the flame heats it with a piece of platinum or 
iron-wiro gauze, to prevent the tube being fused. 
The whole apparatus is placed in a vessel 
containing cold water, to prevent undue heating 
during electrolysis. 

Method of working . The apparatus is care¬ 
fully washed “with distilled water. The outer 
coll e is filled with dilute sulphuric acid (30 n.c.), 
then the inner cell. (The porous cell should bo \ 
soaked in dilute sulphuric acid for about half 
an hour before being used.) As soon as all th« 
connections aro made, the Bunsen burner is 
placed in position, but not lighted, and the 
current is passed. A current of about 5 amperes 
should be used ; the escaping hydrogen thereby 
produces a flame of about 3 mm. in size. As 
soon as all the air has been driven out, which 
usually occupies about 10 minutes, the issuing 
hydrogen is ignited and the Bunsen burner I 
lighted. If after about 15 minutes no brown 
ring makes its appearance, the reagents may be j 
considered free from arsenic. At the end of i 
30 minutes the capillary tube is sealed off, ' 
and the open end also fused together. The 
minor is then compared with the standard 
mirrors as above described. 

Preparation of standard mirrors. Pure re- 
sublimod arsonious oxide is ground in an agate j 
mortar and dried at 100°. Then 0*1 gram is I 
carefully weighed and washed into a 1-litre i 
flask, the flask being filled to the mark with dis¬ 
tilled water. Each 1 o.o. of this solution con¬ 
tains 0-0001 arsenioua oxide; 100 e.c. of this 
solution are diluted to 1 litre. This second 
solution contains 0-00001 gram of arsenious acid 
in each*l o.o., or 0-01 mg. ..Standard tubes 
containing 0-004, 0-006, 0-008, 0*010, &c., mg. 
can then bo prepared. 

When foodstuffs are beyng examined for 


arsenic, Thorpe considers it advisable to fake a 
portion of the foodstuff—arsenic free— and 
mix it with the known quantity of arsenic before 
proceeding to electrolyse it. The standard 
mirrors are thus prepared under the same con¬ 
ditions as those under which the suspected food¬ 
stuff is tested. 

S. It. Trotman (J. Soc. Chem. Ind. 23, 177) 
recommends the adoption of a parchment 
membrane in place of the porous Pukal coll, 
i's he considers this decreases the resistance, 
and thus makes the apparatus more sensitive. 
It is, however, not so convenient to uso. 

Sand and J. E. Hack ford (Chem. Soc. Trans. 
85, 1018) use the parchment membrane, but 
they also employ a heavy lead cathode and a 
lead anode. Their apparatus is thereby much 
cheaper than that used by Thorpe, and is said 
to be equally accurate. 

Metallic Separations. 

A large number of separations of metals by 
electrolytic methods have been worked out, 
but. in many cases a purely chemical procedure 
or a combination of electrolytic and chemical 
methods is easier. There are, however, cases 
in which satisfactory and rapid electrolytic 
separations can bo carried out. A few of the 
more important are given below. 

Cf'ppo from „ meld. By employing a 
rotating anode with an auxiliary electrode, 
and maintaining the cathode potential at 
0 7-0-75 \olt, copper can bo deposited from 
solutions containing sulphuric acid. The solu¬ 
tion is then made alkaline with ammonia, when 
the nickel can be deposited. If the cathode 
potential is not regulated, small quantities of 
the nickel arc deposited along w ith the copper. 

Exner (J. ‘Amer. Chem. Soc. 25, 896) finds 
that by enip’oung a solution containing nitric 
acid and ammonium nitrate (volume of solution 
125 c.c.; HN() 8 , 0.25 c.c.; 3 gram NH 4 N0 3 ) 
and using a rotating anode, it is possible to 
deposit as much as 0 25 gram i opper in 15- 
20 minutes; the nickel, which may be of equal 
weight, remains m solution, and can be after¬ 
wards deposited. 

Copper from lead. Since lead is deposited from 
solutions containing nitric acid as peroxide on 
the anode, whilst copper is deposited as metal at 
the cathode, it might be supposed that there 
would be no difficulty in depositing both metals 
concurrently. It must, how ever, be remembered 
that unless there is a considerable concentration 
of nitric acid, a portion of the load will be de¬ 
posited as metal at the anode. On the other 
baud, in presence of copper, the tendency to 
reduction of the lea 1 and its appearance at the 
cathode is decreased; that is to say, in presence 
of copper a lower concentration of nitric acid 
is required. It has, therefore, been found 
possible to separate the two metals. The 
volume of solution employed was 85 c.o., and 
contained 1 c.c. HNO s (1:4). With a rotating 
anode and a current of 2 amperes, the whole oi 
the lead was deposited in 5 minutes. The 
current w r as then increased to 10 amperes, when 
the last traces of copper were removed. The 
washing and drying of the anode deposit requires 
care, since the peroxide when deposited from 
weak acid solutions does not adhere so well as 
from stronger solutions (Sand). 
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Copper and arsenic. MoCay finds the 
following conditions give a satisfactory deposit 
of oopper in presence of arsenic. The arsenic 
remaining in the solution cannot, however, be 
estimated electrolytically, unless present in very 
small quantities. 

To the solution 20 o.c. ammonium hydroxide 
(sp. gr. 0*91) and 2*5 gram ammonium nitrate are 
added, the volumo of solution being 125 c.o. 
The solution is then electrolysed at a temperature 
of 50°-60®, with 0*5 ampere per 100 sq. deem, 
of electrode surface. As much as 0 22 gram 
of copper will be deposited m 3 hours. With 
a rotating anode about 15 minutes are 
required. In this solution the arsenic should 
be present as arsenate. Copper and arsenio 
may also bo separated electrolytically from 
solutions containing potassium cyanide. If 
acid, the solution is neutralised, and then 
sufficient potassium cyanide added to just 
redissolve the precipitate first produced. With 
a current 0*25-0-27 ampere, the whole of the 
copper is deposited in about three hours. 

Antimony from tin. Tin can be quantita¬ 
tively deposited from solutions containing 
excess of ammonium sulphide. It cannot, 
however, be deposited from solutions contain¬ 
ing excess of sodium sulphide. Antimony, on 
the other hand, can be deposited from solut ions 
containing excess of sodium sulphide. *lt is 
therefore possible to separate antimony from 
tin by adding excess of sodium sulphide to a 
solution containing tho two metals. If tne 
solution is acid, it is first made slightly alkal.no 
with sodium hydroxide bofore the sodium 
sulphide is added. It. is, however, better to 
first precipitate tho two metals as sulphides, and 
then dissolve them in a concentrated solution of 
sodium sulphide. Tho tin should be in the 
stannic stale. 'The solution is electrolysed at a 
temperature of 50®-60® with a current of from 
0-2 to 0*9 ampere per sq. dcm. of electrode 
surface. In froui 2 to 4 hours the whole of the 
antimony is deposited. It is, however, almost 
always contaminated with small quantities of till. 

In order to deposit the tin, the sodium 
sulphido must bo decomposed. This i« dono by 
adding about 25 grams of ammonium sulphate, 
and boiling until no more hydrogen sulphide is 
evolved. The tm is now deposited by electro¬ 
lysing with a current density of from 0 3 to 0 5 
amperes. 

The best method of separating antimony 
and tin is that of Sand, by means of graded 
tential and a rapidly rotating anode (Chem. 
c. Trans, xciii. (?.) 1908, 1572). From solu- 
t{pna containing strong sulphuric acid (1 : 1) 
antimony is deposited at aft auxiliary potential 
of 0*65 volt when the tomperature is kept abovo 
100®, and a small quantity of hydrazine sulphite 
is added. Tin, on the other hand, under 
similar conditions, is not deposited below 0*8 
volt. The method of procedure when dealing 
with alloys of antimony and tin is as follows 

The alloy is dissolved in a mixture of 
40 c.c. cone, sulphu.ic acid, 5 c.c. water, and 
2 c.o. nitrio acid (1: 42)"; on heating to 180®-200° 
solution rapidly takes place. It is necessary 
to remove the nitrio acid because it causes tho 
formation of antimonic acid, which is only 
slowly reduced to the metallio state electro- 
Jytioally. In order to decompose the nitric 


acid (nitrosulphonic acid), a current of 5 amperes 
is passed, and the liquid heated to 250°-270°. 
After the current has been passed for 5 to 10. 
minutes at the high temperature, it is stopped. 
The solution is cooled to 100°, and 0-5 gram of 
hydrazine sulphate added. (N.B.—The amount 
of hydrazine sulphate added should* be equal to 
the weight of metal taken.) 

Tho temperature ih then raised to 300°. It 
is again cooled to 100®, when from 30 to 40 c.c. 
of water and another 0*5 gram of hydrazine 
sulphate arc added. 

Tho anode 1 is then rotated t«j ensure mixing 
of tho solution, tho tomperature of which rises 
to about 120°. The analysis is now begun, the 
auxiliary potential having first been adjusted 
io 0*53-0*65 volt. The current will vary 
between 3-4 amperes, andf at tho end of tho 
electrolysis, will drop to 0-4-0-5 volt. Time *jf 
electrolysis from 20 to 30 minutes. 

The tin is determined as follows: The 
solution after tho antimony lias been deposited 
is mixed with about 4 grams of oxalic acid, and 
is neutralised with strong ammonia. In order 
to present loss by spurting tho olectrodes are 
placed in position, tho rotating stem being 
passed through a -hole drilled in a clock glass. 
The ammonia is poured on tho clock glass and 
runs down the stem of tho electrode into the 
solution, the anode or inner electrode being at 
the same time rotated. Considerable ebullition 
ensues, but none of the liquid is spurted out. 
Exact neutralisation is ascertained by the use of 
methyl orange as indicator. Litmus cannot be 
employed, since its colloidal nature hinders tho 
deposition of tho tm. After neutralisation, 
0*5-0*75 c.c. of sulphuric acid are added for 
every gram of oxalic acid previously added. 

jl’ho solution is electrolysedal^a temperature 
of 70® with a current of 3-4 amporos. Time of 
deposit, 60-80 minutes. • 

Silver and copper. (Smith and Frankel, 
Anier. Chem. .T. 12, 104.) To a neutral solution 
of the silver and copper salt, add 2-3 grams of 
pure potassium cyanide. Electrolyse at a tem¬ 
perature of (55° With a current of 0*03-0*05 
ampere, and maintain the potential at 1*1-1 *6 
volt. The silver will be completely deposited 
in from 4 to 5 hours. After the silver has been 
weighed, tho electrode is replaced, the current 
and voltage increased, when the copper will be 
deposited. 

Silver may also be separated from copper in 
ammomacal solutions by using an auxiliary elec- 
tiodo, and keeping tho potential below 0*5 volt. 

Iron from other metals. Iron can readily be 
separated from aluminium, vanadium, glucinum, 
uranium, thorium, and many other metals with 
which it may be alloyed by dissolving in sul¬ 
phuric acid, filtering from any residue, nearly 
neutralising with ammonia, and eleotroiysing 
with a mercury cathode. 

Cadmium from zinc. Theso metals can be 
separated by means of graded potential. Tho 
solution is made up by adding first 2 c.c. of 
cone, sulphuric acid, then 3*33 grams of sodium 
hydroxide, and 1 c.c. of glacial acet.cacid. Tho 
auxiliary electrode is kopfrat a potential of 1*15 
-1*20 volts, and. the solution electrolysed at a 
temperature of 30°. The whole of the cadmium 

* Aftci tin; mend has dissolved, the subsequent 
operations are carried out with the electrodes in 
position. f 
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will be deposited in 11-14 minutes. The 
potential is afterwards raised, when the zinc can 
•be deposited in about 30 minutes. 
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ANAMIRTA COCCULUS or A. PANICULATA 
(Colebr.). The former is the superseded name, 
and the latter the* true name, of the Indian 
Afenispormaceous liane, whose dried fruils 
(Grains of Paradise) are supplied under the name 
of Cocculus indicus ( v . Cooculus inujci-s). 

ANAMIRTIN v. Pk HO TOXIN. 

ANANAS, OIL or ESSENCE OF. A solution 
of ethyl butyrate m 8 to 10 times its weight of 
alcohol. It possesses the odour of the pine¬ 
apple ( Ananas mtn'us (Sehult.)), and is employed , 
in confectionery and perfumery ; also to mutate I 
the flavour of rum (Hofmann, Annalcn, 81, 87). 

ANANDONIS GREEN. By dialed chromium 
sesguioxide (v. Chhomium). 

ANASPALIN. Trade name for a foim of 
wool-fat. 

ANATASE or Octahedrile, One of the iri- 
morphous forms of titanium dioxide (Ti 0 2 ) met 
with as crystallised minerals; the others being 
rutile and brookite. It is found as small, 
isolated crystals of a steel-blue or honey- 
yellow colour, in .schistose rocks, particularly in 
the Alps; and afj microscopic crystals is of common 
occurrence in sedimentary rocks. L. J. S. 

ANCHIETA BARK. The root, bark of An- : 
chielcu salutaris (A. St-, llil.), one of the Violaeea*, 
a bushy shrub growing at Bio de Janeiro. It 
contains anchidtne , a substance crystallising in 
straw-coloured needles, having a nauseous taste 
Used for syphilis and quinsy (Peckolt, Arch. 
Pharm. [2] 97, 271). 

ANCHUSIN ( Alkannin) v. Altcannet. 

ANCYLITE. A hydrated basic carbonate of 
cerium, lanthanum, and didymium. and stron¬ 
tium 4Ce(0H)C0 8 *3Sr00 3 -3H 2 0. found as small, 
yellow, orthorhombic pyramids with curved faces 
in syenite-pegmatite at Narsarsuk in the Juliane- 
haab district, south Greenland; sp.gr. 3 95. 

An allied mineral, with the formula 
4(Ce,Lft,Di) 2 (C0 3 ) s -5SrC() 8 -{Ce,La,Di) 2 0 } ., 

has been found as orthorhombic grains form¬ 
ing, with celestito, monazite, felspar, &c., 
a constituent of crystalline limestone at Amba- 
toarinina in Madagascar. This has been named 
ambatoarinito (A. Lacroix-, 1919). L. J. S. 

ANDA-ASSU, OIL OF. An oil obtained from 
the seeds of Joannesia Pnnceps (Veil.), belonging 
to the Euphorbiacea 1 , growing in Brazil. It is 
clear, slightly yellowish, odourless, with a taste 
at first nauseating and then sweet. It solidifies 
at 8°, itt sp.gr. at 18° is 0*91715 (Pharm. J. [3| 
12, 380)., 

ANDALUSITE. One of the throe modifica¬ 
tions of crystallised aluminium silicate Al 2 SiO fi , 
and belonging to the orthorhombic system ; the 


other modifications being tho minerals kyanite 
and fibrolite. Andalusite ocours in crystalline 
schists and metamorphio rocks, the variety 
chiaslolitc being specially abundant in the baked 
clay-slates surrounding intrusive igneous masses. 
It is also found as small crystals and grains in 
some granites, due probably to fragments of 
the surrounding elates having been incorporated 
in tho igneous magma. Grains of andalusite 
are found in tho sands and sedimentary rocks 
derived from those primary rocks. Tho pleo- 
clnoism, from olive-green to rose-red, is a 
characteristic feature of the mineral under the 
microscope. 1)3 18, H 7 J. Large, rough opaque 
crystals are well known from Lisens-Alp in the 
Tyiol. (Hear transparent pebbleB of a nek 
j brown colour arc found in the Bio Jequitinhonha 
I in Minas Geraes, Brazil ; this material when cut 
as a gcm-slono displays the strong pleochroisra. 
The variety known as ehiastolito shows in cross- 
sections of tho prismatic crystals a dark cross 
of carbonaceous maleiial enclosed m the lightor 
coloured andalusite; such material is cut as a 
gem-stone or eh arm. J ai rge crystals of chiastohte 
have been found in considerable numbers atBim- 
I bowric, neai (Hary in South Australia. L. J. S. 

ANDAQUIES WAX Waxes. 

ANDESINE. A soda-lime felspar belonging 
to the gioup of plagioclasc-fclspars (v. Felspab). 
" f L. J. S. 

ANDESITE. A group of volcanic rocks of 
intermediate composition, containing on an 
average GO p.c of silica, and corresponding to 
tho plutomc diorites. They are usually dark- 
i coloured, compact rocks, sometimes with a 
porphyiitjc structure or a vesicular texture ; and 
are composed essentially of plagioclase-felspar 
with a ferromagnesian mineral, and sometimes 
a glassy base. According to the ferromagnesium 
mineral present, the varieties hornblende- 
andesile, biotite-andosite, and pyroxene-ande¬ 
site arc distinguished. When quartz is present 
the rock grades into the dacites. Sp.gr. 2*6—2*8. 
They are of wide distribution. The Andes of 
Soutli America and the Cordilleras of Central and 
North America are built up largely of andesites ; 
and hero, as well as in Hungaiy, ore-deposits, 
particularly those of gold and silver, frequently 
occur in connection with them. In the Britisn 
Isles they are abundant in the Midland Valley 
of Scotland, the Cheviot Hills, the Lake District, 
.md in North Wales, and in these districts are 
quarried for road-stones. On the Continent 
they are also used for building atone and mill¬ 
stones. L. J. S. 

ANDORITE. Sulphantimonito of silver and 
lead AgPbSb„S 8 , yryatallising in the ortho¬ 
rhombic system. The mineral was indepen¬ 
dently described in 1892 from Felsdbanya in 
Hungary, and Oruro in Bolivia, under the names 
andorito, sundtito, and wobnerite. It is dark 
steel-grey with metallic lustre, and a shining 
blaek streak ; no’cloavagc ; sp.gr. 5 35 ; H 3£. 
Analyses show 10-11*7 p.c. of silver (according 
to the formula Ag = 12*42 p.c.), there being 
small amounts of copper also present. At 
Oruro, in the San Jos6 and Itos Atocha mines, 
it occurs rather plentifully as well-formed 
orystals and as a massive silver ore (Prior and 
Spencer, Mmeralog. Mag. 1897, xi, 28G; Spenoer, 
ibid. 1907, xiv, 316). L J. S. 

ANDROGRAPHIS PANICULATA (Nees) or 
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Karyat. An Indian plant; is used as a tonic, 
and is similar to quassia in its action. 

ANDROPOGON OILS v. Oils, Essential. 

ANDROSIN v. Glycosides. 

ANESIN (Aneson). An aqueous solution of 
acetonechloroform, having marked anaesthetic 
aiid hypnotic properties (Apoth. Zeit. 1897, 12, 
008) (p. Acetoneciilokofokm). 

ANETHOL v. Oils, Essential. 

ANGELICA OIL v. Oils, Essential. 

ANGELINE C } oH , 3 0 3 N (snnnanime, geoffro- 
yine, andirinc, rliataiunc) (Jlillor-Bombien, 
Arch. Pharm. 1892, 230, 013; Goldschmidt, 
Monatsh. 1913, 33, 1379; 31, 059), m.p. above 
233° (indefinite). Identical with w-methyl-/- 
tyrosino [a|'^ l f 19-75°. Synthesised by Fischer 
and Lipselntz (Bor. 1915, 48, 300). 

ANGICO RESIN. A Brazilian gum obtained 
from Piptadcnia rig id a (Benth.) [.Acacia Angico J; 
soluble m water and proof spirit. Used in chest 
complaints (Symes, Pharm. J. [3j 13, 213). 
Angico wood is that of another Brazilian legu¬ 
minous plant, Eitlrrololnnm dlipheum (Benth). 

ANGIONEUROSIN. Syn. for mtioglycenn 
as used m pharmacology. 

ANGLESITE. Native lead sulphate (l’bS0 4 ), 
forming brilliant, colourless, orthorhombic crys¬ 
tals, isomorphous with barytes (BaS0 4 ) and 
eelestite (SrS0 4 ). Jt occurs in the .upper 
oxidised zones of veins ot lead ore, having 
resulted by the alteration of galena (PbS). It 
is less common' than cerussito (1‘bCO-,), with 
which it has sometimes been mined as an ore of 
lead. Good crystals have been found at many 
localities, perhaps most abundantly at Broken 
Hill, in New South Wales. The mineral takes 
its name from the Isle of Anglesey, where 
crystals were found by W. Withering, in 1783, 
in the Parys copper-mine. L J. S. 

ANGOSTURA BARK or ANGUSTURA 
BARK V CtJSI’ARIA HAtlK. 

ANHALAMINE, ANHALINE, ANHALONI 
DINE, ANHALONINE, v. Mescaline. 

ANHALONI m (CACTUS) ALKALOIDS. 
Seven different ba es have been isolated from 
various species of cactus and havo been investi¬ 
gated chiefly by lIcfTtor. They arc derivatives 
of j8-phcnylcthyl«imine. Anhaline is /3-p- 
hydtoxyphcnyldimethylothylamino, 

HO Coll, CIT/CH,*x\(CH0 a 

identical with hot detune. Mezcahne is 3-3 4*5- 
trihydroxyphenyJethylamine. Anhalantine, an- 
halonidine and pdlotine are methylated 3'4o- 
tribydroxyplienyleibylamines, but anhalonine 
and lophopnorine each contain two of their three 
oxygen atoms in a diifeflnt kind of linking 
(E. Spath, Monatsh. Uhetu. 1919, 40, 129). 

ANHYDRITE. A mineral consisting # of 
calcium sulphate 0aS0 4 , so named to distinguish 
it from the more common hydrated calcium 
sulphate, gypsum. From a pure aqueous solu¬ 
tion calcium sulphate crystallises a* gypsum, 
but when the solution is highly charged with 
salts (sodium, potassium, and calcium chlorides, 
and magnesium sulphate) it separates as 
anhydrite. Anhydrite crystallises in the ortho¬ 
rhombic system, but in its crystallographic 
characters it shows little analogy with tho 
orthorhombio barium and strontium sulphates, 
barytes, and eelestite, with which it would be 


expected to be isomorphous. An important 
character is the cleavage in three directions 
parallel to the axial planes of symmetry; the 
mineral, therefore, breaks up into cubes liko 
rock-salt. Well-formed crystals are not com¬ 
mon ; they have been found in the salt-deposits 
of Germany and Austria, and in ck)lomite-rock 
in tho Simplon tunnel, in Switzerland. Usually, 
tho mineral occurs as compact, granular masses 
of a white, grey, reddish, or bluish colour, and 
resembling marble in appearance. Sp.gr. 2’9- 
3 0; hardness 3-3|, being considerably higher 
than gypsum. It is of frequent occurrenco as 
layers mterbedded in deposits of gypsum and 
rock-salt. Tho ‘ anhydrite region ’ forming the 
baso of tho Prussian salt-deposits consists of 
alternating beds of anhydrite and rock-salt. 
Bands of anhydrite also oycur throughout the 
salt-deposits, and are known to the miners ^as 
‘ year-rings.’ In contact with water anhydrite 
becomes altered into gypsum with an increase 
in volume of 00 p.o. On this account galleries 
in tho salt-mines whon driven through beds of 
anhydrite gradually become closed up. Exten¬ 
sive beds of tho mineral occur in the gypsum 
deposits of Nova Beotia. In the red rocks of 
Permian and Triassic ago of the North of 
England anhydrite is not uncommon. For 
example, if forms a bed 7 feet m thickness in 
the Oocklakes gypsum mine at Oumwhinton 
in Cumbeiland; and it is recorded from Dur¬ 
ham, Westmoreland, Yorkshire, Staffordshire, 
Leicestershire, Nottinghamshire, Derbyshire, and 
Glieslure. For details of Bntish occurrences, sec 
Special Reports on the Mineral Resources of 
Great Britain, vol. iii, Gypsum and Anhydrite, 
Mem.Geol.Survey, London, 1915 ;2ndedit.. 1918. 

Anhydrite has as yet been put to few practical 
uses. It. has been employed m agriculture as 
a ‘land plaster.’ By exposure "to tho weather 
it becomes converted into gypsum, and am 
then be used for tho manufacture of plasters. 
A bluish-violet, compact variety known as 
‘ vulpinite,’ from Vulpino in Lombardy, has 
been used as an ornamental stone. The sug¬ 
gestion to uso gypsum as t source of sulphur 
would apply also to anhydrite. L. J. S. 

ANIL. The name of the American species 
of the indigo plant, Indigofera anil (Linn.). 

ANILINE. 

History. —First observed by Unverdorben in 
1820 among the products of tho destructive 
distillation of indigo. Detected by Runge in coal 
tar m 1834, and by Fntzsehe in 1840, among 
tho products obtained by distilling indigo with 
alkali hydroxides. Prepared by Zinin in 1840, 
by the reduction of Mitscherlich’s nitrobenzene 
with hydrogen sulphide. Unverdorben called his 
product krystallm ; Runge, kyanol ; Fritzsche, 
anilin ; Zinin, benzidnm. 

In 1843 Hofmann Bhowed that nitrobenzene 
could be reduced by a metal such as zinc in the 
presence of a dilute acid, and also that krystallm, 
kyanol, anilin, and benzidam were identical witli 
each other. Shortly afterwards Bechamp stated 
that nitrobenzene could bo reduced by ferrous 
acetate in the presence of water, but that the 
oxalate, sulphate, <&c., hS,d no effect. 

In the year4856 Perkin’s discover^of mauve 
gave riso to a commercial demand for aniline, 
and the manufacture was commenced by Messrs. 
Simpson & Mai^e. 
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Preparation. —Benzene, then only obtained 
in small quantities and with much difficulty, as 
the treatment of tar scarcely existed, was intro¬ 
duced into glass balloons (known as ‘ bolt 
heads ’) of 1 gallon capacity, and the calculated 
quantity of nitric acid, mixed with about an 
equal volume of sulphuric acid, was gradually 
added, the mixture swung round and weil 
agitated, and then allowed to stand. It was 
usual to have about twenty balloons m a row, 
and to add acid in turn until the reaction was 
complete. 

The nitrobenzene was separated, washed, and 
ieduced witJi iron borings and acetic acid, at i 




first ia a copper still, later in an iron cylinder. 
The aniline was freed from water, rectified, and 
was then ready for use. The selling prioe was 
about a guinea a pound. 

Somewhat later cast-iron cylinders of con¬ 
siderable size were used for the reduction, acetic 
acid being still used and neutralised with soda or 
lime at the end of the reaction, and the aniline 
was in some factories distilled off over a naked 
fire, in others steam was blown into the mixture, 
and the aniline and water condensed and 
separated. Acetic acid continued to be used 
u ntil about 1800. Since that time the apparatus 



Fro. 1.—Aniline Oil Plant, 


A, Anllihe pan. 

B, Agitating blados. 

C, Side lining plates 
I), Bottom do. 

E, Wood plugforhopper 


F, Feed hopper for borings, 
(I, Charging dish 
II. Vapour pipe (o conde iser 
.1, Puro-steam pipe 
K, Aniline-steam do 


I, Gutter. 

M, Receiving pan. 

N, Pipe from N B tank 

O, Condenser 

P, Overflow 


Q, Cold-water inlet. 
It, Receiver. 

S, Steam pump. 

T, Settling tubes. 

U, Air pressure egg. 


has undergone little chango, the treatment con¬ 
sisting in reduction mainly by the use of iron 
and water, hydrochloric acid being employed to 
start the reaction. 

The aniline machine shown in Fig. 1 is the 
type that gives the best results. 1 A careful 
comparison between this design and the hori¬ 
zontal machine has proved unmistakably that 
the vertical machine is more economical and 
better in every respect. This is particularly 
the case with regard to repairs and maintenance. 


shown in the sketch. An important feature is 
the renewable cast-fion lining plates at the 
sides and bottom, which protect the machine 
fronj the friction caused by the revolving mass 
of iron borings. It is 6 feet 6 inches deep, and" 
4 feet 6 inches in diameter, having a total caaiT 
city of 050 gallons. Steam is admitted throtgh 
the vertical shaft, which is hollow, and passes 
through the extremities of the horizontal 
agitating blades. Twenty-one.of these machines 
are required to produce 150 tons of aniline oil 


The machine is of cast-iron, If inches thick, with per month.* A charge of 1000 lbs. of nitrobenzene 
driving gfcar, agitating shaft, $nd blades, as | is run into the receiving pan above the machine. 

See diom. Trade J. 1906. 38, 69. The writer Is 


Indebted to Messrs Davis Bros, for permission to repro¬ 
duce the two figures 


» Larger machines, on the same principle, in which 
several tons of nitrobenzene cun be redueed, are used 
by some manufacturers. 
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To start the reaction, 1 cwt. of clean cast-iron | the condenser and runs back into the dish, 
borings, 10 gallons of hydrochloric acid, and together with the nitrobenzene which is earned 
6 gallons of water are run in through the funnel- over. The iron borings and nitrobenzene are 
shaped hopper, and simultaneously steam is added only in sufficient quantities to maintain 
turned on and the nitrobenzene run in a thin a constant level in the dish. If the reaction 
stream into the dish on the top of the machine, proceeds too violently, loss is caused by the 
The wooden plug in the hopper is driven in tight, formation of benzene. Whon the Tevel of the 
and tho space between it and the hopper is kept liquid m the dish begins to lower, the supply of 
full of iron borings. By dexterously manipulate nitrobenzene and iron borings is increased. This 
ing the wood ping, the borings can be added process is continued until the whole charge of 
without allowing any vapour to escape. This nitrobenzene is run in, which takes about 10 
simple method of ‘feeding’ the iron borings hours. The total weight of iron borings re- 
has proved better than many of the mechanical quired is 0 cwt. A sample caught as it runs 
feeding devices that have been tried. Distilla- from the condenser should then be quite free 
tion proceeds, and the distillate passes through from nitrobenzene, and the machine will contain 



Fia. 2 .—Vacuum Still for Aniline Oil. 


A, Vacuum still. .1, Condenser H, Inlet from condenser. 

B, Internal hollow *tay. K, Cold-water inlet S, Air-admission tap. 

C, Steam tubes 1., Overflow for water T, Do do 

D, Do. do. M, Receiver for distilled oil U, Run-off tap for distilled ofl. 

E, Steam inlet. N, Do. do. do. V, Do do. do. 

F, Do. outlet. O, Connection from vacuum pump W, Connection from vacuum pump 

G, Vapour pipe to condenser. P, Do. do do. 

H, Pressure pauge. Q, Inlet from condenser 


only aniline od, w«it<*r, and oxide ol iron. The j 
supply of steam is then increased, so as to 
distil over the anilnm oil and water, 1 and the 
distillate is diverted into the tank beneath 
'the condenser. The steam used for this fliB- 
tfS^tion is not pure steam, but is generated from 
V^ftoiline water mentioned below, in a separate 
The aniline water is that which separates 
fr*m the oil in the separating tubes, and con¬ 
tains about 2 p.c. of nniline oil in solution. The 
aniline and water in the tank below the con¬ 
denser are pumped into the settling tubes, and 

1 In some works this distillation is not done, but 
the contents of the reduction apparatus are passed im¬ 
mediately through a filter press, the filtrate then running 
directly or being pumped Into the settling tanks. 


allowed to settle lo r 4S hour*. The distillation 
of the oil and water irom the machine takes 
about 7 hours, and during the last hour pure 
I steam is ng.un used, so that when the operation 
I is finished, the condensed water left in the 
machine will be free from aniline, and con be 
used for flushing out the oxide of iron into the 
gutter which runs to the settling tanks outside, 
i Tho oxide, after the water is drained off, is 
j dried and ground, and disposed of for the 
purification of coal gas from sulphur. Large 
j quantities are also now being used in the manu- 
i faeture of cheap black paints, and the con- 
i sumption m this direction is increasing. The 
i aniline oil which ha? settled to the bottom of 
the settling tubes is run off into the air-pressure 
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egg below, and blown into the oruie aniline- oil j 
store tanks, ready for the final purification by 
distillation in the vacuum still. The upper 
layer of water left in the settling tubes, and 
which contains about 2 p.c. of aniline in solution, 
is, as already explained, used for feeding the 
aniline stdkni boiler. Tho average yield of 
crude aniline oil from each machine, with a 
charge of 1000 lbs. of mtiobenzene, is 705 lbs. 
'Tho yield of pure aniline oil from nitrobenzene 
is givon further on. 

Tho final purification of tho crude aniline oil 
is done in a yocuum si ill. The sketch (Fig. 2) I 
shows one of these stills of recent design. The 
body of the still is wrouglit-iron, 15 feet long, 
and 7 feet 6 inches in diameter, having a total 
capacity of 4000 gallons, and capable of dis¬ 
tilling 35,000 lbs. in one charge. The steam is 
supplied from a boiler ha\ ing a woiking pressure 
of 100 lbs. per sq. inch, at which pressure 
the steam possesses a temperature of 170°. 
The internal steam tubes are wrought-iron, 

2 inches in diameter. In place of tho usual 
straight tubes which used to be expanded into 
both end plates, bent tubes are employed, 
which enter and return to the same end of tho 
still. This prevents tho ‘ tearing ’ of the 'tubes 
owing to expansion and contraction, and the 
‘ breathing ’ of the end plates. Tho ‘ column * 
is of east iron, 18 feet high and 9 inches in 
diameter. The condensing coils consist of three 
vertical flat copper coils, 2 inches m diameter, 
arranged side by side in a wrought-iron tank, 
the di: tillateentering all the three coils simultane¬ 
ously from tho still head by means of branch 
pipes. The total length of copper pipe m the 
condenser is 432 foci. The two receivers permit 
continuous working, so that when the first is 
full, as indicated by tho gauge-glass tube, it is 
shut off, and fhe second brought into use. The 
contents of the first can then bo drawn off while 
the second is being filled, and the vacuum is 
thus maintained throughout. 

The still is charged with 35,000 lbs. of crude 
aniline oil fioin the store tank, and steam is 
turned on. The first fraction, about 7 p.c. of 
the distillate, consists of aniline oil and water, 
which is added to the crude oil and water in the 
separating tubes. Tho next fraction is ‘ light 
aniline,’ and consists of amlino oil with a small 
quantity of benzene. If the reduction of the 
nitrobenzene has been carefully performed, this 
fraction is only about 4 p.c. of the distillate. 
It is collected and redistilled, giving pure 
aniline and benzene, the latter being returned to 
the nitrobenzene department, to bo renitnfied. 
The next fraction is pure aniline oil of market¬ 
able quality, 1 clear and water-white. The tail 
end, called ‘ last runnings,’ forms about 5 p.c. 
of tho distillate, and, on redistillation, yields 
80 p.c. of pure marketable amlino oil. The 
total yield of pure aniline oil obtained from 
nitrobenzene is 71 1 p.c. As tho pure benzene 
yields 154J p.c. of nitrobenzene, and the latter 
71f p.c. of pure amlino oil, the total yield of 
pure aniline oil from pure benzene is 110-85 p.c. 
Compared with theory, there is little room for 
improvement. » 

The process of reduction an$ rectification as 
described applies also to toluidine, and modifica¬ 
tions of the process are also in use for the pro¬ 
duction of xylidine and alphanaphthylamine, 


and of the reduction portion for the manufacture 
of metaphenylene- and metatolylene-diamino 
from the respective dinitro- compounds. 

Catalytic Reduction of Nitrobenzene .—This is 
effected by passing a mixture of nitrobenzene 
vapour and hydrogen (or other reducing gases) 
over a catalyst heated to a suitable temperature 
(usually 200°-300°). The catalysts which havo 
been proposed are coppor (Eng. Pats. 13149, 
16334, 1914 ; 5992, 0409, 1915; U.S. Pat. 
1207802; 1). It. PP. 139457, 282508; Fr. Pat. 
312015), nickel (Eng. Pats. 10930, 22523, 1913 ; 
1). K. P. 282492; Fr. Pats. 458033, and 1st 
addition), iron oxides (Fr. Pat. 402006), iron 
(I). It. P. 281100), and silver or gold (I). R. P. 
203390). 

Many patents have been taken out for the 
electrolytic reduction of nitrobenzene, but it is 
doubtful whether this process is used on the 
large scale. 

The reduction of nitrobenzene may also bo 
rained out by boiling it with sodium disulphide 
solution (D. It. P. 144809), and an 80 p.c. yield 
of aniline is said to be obtainod by heating 
chlorobenzene with ammonia and a little copper 
sulphrte (Eng Pat. 3900, 1908; I). It. P. 
204951; Fr. Pat. 397485). 

Valuation of Commercial Aniline Oil. 

Aniline oil, as, it occurs in commerce, may 
contain as impurities water, traces of insoluble 
hydrocarbons and of orthotoluidine, sometimes 
traces of hydrogen sulphide, and, if carelessly 
made, of nitrobenzene, benzono, and ammonia. 
Resides these, which should bo carefully tested 
for, there is possibly a certain amount of amino- 
thiophen, winch has no delotorious action for 
most, if not all, of the purposes for which aniline 
is used, and winch, moreover, for the present al¬ 
least, cannot readily be got rid of. 

The method of testing usually adopted is to 
determine the boiling-point of the sample. For 
this purpose 100 c.c. are introduced mto a small 
boiling flask with side tube, and distilled through 
a ediort condenser into a graduated 100 o.c. 
cylinder. Readings of tho thermometer are 
taken as each 10 c.c. of the cyUnder fills, and the 
last when 95 c.c. are filled. An alternative 
method is to take readings of tho cylinder at each 
fifth of a degree rise of tho thermometer. It is 
also usual to nolo tho temperature when the first 
drop has fallen from tho condenser. The ther¬ 
mometer readings should be corrected for 
barometer and immersion of mercurial column 
in the vapour of tho liquid, and of course for the 
errors peculiar to tho thermometer in use. 

A few fragments of platinum wire, fire-brick, 
or wrought iron, shduld be placed on the bottom 
of the flask, and great care usod to adjust the 
siz^ of the flame and rate of boiling. The flask 
also should be held by tho neok in a good clip 
over tho naked flame, gauze being apt to cause 
currents of heated gas to flow up round the neck 
of the flask and Bupcrhoat the vapour. 

Tho specific gravity of the sample may also 
bo taken (puro aniline has a specific gravity of 
1*0265-1-0207 at 15°), although this indication 
is not of great moment if the boiling-points 
aro good. 

The following is an example of the determina¬ 
tion of tho boiling-point (Walter, Chem. Zeit. 
1910, 34, 702) 
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Temperature. P.c. over. 
182-4° 3 

182-6° 4 

182-8° 5-6 

183 0° 11 


Temperature. P.c. over. 
183-2° 20 

1834° 97 

183-6° 98 

183-8° 99 


If, in carrying out the boiling test, tlie 
temperature rises considerably at- the end, the 
presence of toluidine may be suspected. This 
can be detected when a considerable quantity 
of commercial puro aniline is made into %cet- 
anilido. On recry stall ising this and working 
up tho mother liquors, a small quantity of im¬ 
pure acetyl compound of low melting-point will 
always bo found in the most soluble portion, or 
first mother liq uors. 

Pure aniline melts at —6 2°, and boils at 
80°-81°/20 mm. and 184'4°/760 mm. 

Aniline may be tested for insoluble oils 
by dissolving 10 c.c. in 40 c.c. of hydrochloric 
acid and 50 c.c. of water. The solution should 
be quite clear. 

Nitrobenzene shows itself with the insoluble 
hydrocarbons. A very delicate test for it is to 
shake the sample of aniline violently for a few 
minutes, and then to notice the colour of the 
froth. The merest trace of nitrobenzene colours 
it a very distinct yellow. 

Tho presence of water may be detected by 
distilling tho sample (100 c.c.) as for a boiling- 
point determination, and Electing the* first 
10 c.c. in a narrow graduated oylmdei of 16 c.c. 
capacity, shaking with 1 c.c. of saturated 
sodium chloride solution, and reading off the 
volumo of the latter. The method will not 
show the presence of less than 0"3 p.c. of water, 
consequently, 0"3 c.c. must always bo added to 
the amount of salt solution observed It is not 
usual for aniline, sold as pure, to contain more 
than 0"6 p.c. of water. 

Toluidine liquid should boil at 197°-198°, 
show a sp.gr. of about TOGO, and contain 
30-40 p.c. para-, the rest ortho- toluidine. 

Ortnotoluidine. The spgr. of commercial 
orthotoluidme should bo about 1-0037 ; b.p. 
about 197°-198°; should not solidify' on 
cooling to —4°. The pure substance boils at 
.199'7°, and does not solidify at —20°. Its 
density at 15°, compared with water at 16°, is 
1-0031. 

Paratoluidine. When pure, this melts at 
45° and boilB at 200-4°/760 mm. and 86°-87°/10 
mm. Its density is 1 046. Lunge (Chom. 
Ind 1885, 8, 74) has published a table showing 
the specific gravities of mixtures of o- and 
p-toluidine. 

For the estimation of small amounts of p- 
toluidine in o-toluidine, Schoens method is 
perhaps the best. A standard oil is prepared, 
containing 8 p.c. of p-toluidine and 92 p.c. of 
o-toluidine, 1 c.c. of which is dissolved %ilh 
2 c.c. of pure hydrochloric acid in 50 c.c. of 
water, ana oxidised cold by adding 1 c.c. of a 
saturated solution of potassium dichromate. 
After standing for two hours, the product is 
filtered, the precipitate being washed with water, 
and the filtrate and washings made up to 100 c.c. 
The toluidine to be tested is treated m the same 
manner, and compared colorimetrfcally with 
the above solution. J. C. C. 

ANILINE BLACK t>. Dyeing. 

ANILINE BLUE v . Trlphenylmethane 

OOLOUSING MATTIES. 


ANILINE BROWN v. Azo- colouring 

MATTERS. 

ANILINE SALT. The commercial name of 
j an time hydrochloride C,H 6 \NH 2 ,HC1. 

It is prepared in large quantities, for the use 
of calico-printers, who employ it in the produc¬ 
tion of aniline black. Tne process* consists in 
mixing tho calculated quantities of pure aniline 
and hydrochloric acid in lead-linca or nickel- 
lined tanks, and allowing the salt to crystallise, 
freeing it from mother liquors in a centrifugal 
machine, and drying at a low temperature. The 
hydrochloric acid used should bo qf good quality, 
free from iron and even from traces of copper, 
or the salt will rapidly blacken. 

The mother liquors may be neutralised with 
lime or soda, and the aniline recovered, or they 
may be boiled down and used in making magenta 
by the nitrobenzene process, &c. * 

4 Aniline salt ’ occurs in commerce in large 
white, nacreous and much-contorted plates. 

The great desiderata for the calico-printer 
are that the salt should be made from pure 
aniline and should be dry and normal, contain¬ 
ing 93 parts of aniline to 36 5 parts of hydro¬ 
chloric acid; it should be free from sand and 
gilt, which injuro the printing machines. 

J. C. C. 

ANILINE YELLOW v. Azo- colouring 

MATTERS. 

ANIMAL OILS and FATS v. Oils and pats. 

ANIME and ANIMI v. Oleo-resins. 

ANISEED. (Am’s, Fr., (Tier.) The fruit of the 
Punpmdla Amsum (Linn.), cultivated in Malta, 
Spam, and Gormany. Used for the preparation 
of anise oil and cordials. Alcohol extracts 36 "24 
p.c. of this spice (Bicehelo, Pharm. J. [3] 10, 
878). 

ANISE CAMPHOR t>. Camihiojis. 

ANISE OIL. The essential oil of aniseed, 
obtained by distilling it with water. According 
to Landolph (Coinpt. rend. 81, 97; 82, 226), it 
contains 90 p.o. of anethole, boiling at 22-6°. 
Anethole, according to Perkin (Chem. Soc. 
Trans. 32, 668), is p-allylanieole C 8 H 4 (OMe)CH : 
CH’CHj; ho obtained it by Seating p-methoxy* 
phenylcrotonic acid. 

Anise oil is sometimes adulterated with 
fennel oil; this can be detected by heating the 
oil, when the fennel odour becomes perceptible. 

fcJtar anise oil has a similar colour and 
taste, but it does not solidify at 2° (t>. Oils, 
Essential). 

ANISIDINE. NH 2 C 8 H 4 0Me. Orlhanm - 
done. Obtained by tho reduction of orthoDitrani- 
soJe with tin and hydrochloric acid or iron and 
hydrochloric acid (Mcister, Lucius, and Pruning, 
D. R. P. 7217 of Dec. 3, 1878), is a colourless 
oil, which freezes at 2’5°, boils at 226*6° at 734 
mm. pressure (Mulhaiiser, Annalen, 207, 239); 
at 225° at 760 mm. (Perkin, Chem. Soc. Trans. 
69, 1210), and has a sp.gr. 1 -108 at 26°. Can 
also be prepared by heating a mixture of o- 
aminophenol, potassium methyl sulphate, and 
potassium hydroxide solution under pressure. 
When diazoti ed and treated with £-naphthol- 
disulpbonio acid (R-acid), it yields anisole-red 
{v. Azo- colouring matters). A mixture of 
orthanisidine (2 mols.) and parapheitylenedia- 
mine (1 mol.) is converted, on oxidation with 
potassium dichromate, into a reddish colouring 
matter formerly employed under the name 
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mfmnisoh (Kalle & Co., D. R. P. 24229 of 
Oct. 27, 1882 ; expired March, 1885). Anisi- 
dine is used for making chrome fast yellow 
G-G. azoeosin G and azocochineal. 

Paranisidlne, obtained from paranitranisole 
by reduction with tin and hydrochloric acid, 
crystallises m prisms which melt at 55'5 0 -56'5° 
{Lessen, Annalen, 176, 324) and boil at 246°- 
246° (Salkowski, Per. 7, 1009); 243° at 700 mm. 
(Perkin, Ohcm. Sue. Trans 09, 1210); p-anisi- 
dine, o-sulphonic acid, prepared by boiling the 
hydrogen sulphate of p-amsidine, when diazo- 
tised and coupled with 3-naphthol, yields an azo¬ 
compound forming rod lakes with baryta, 
alumina, &c. (Aktiengescllschaft fur Amlm- 
Fabrikation, J). It. P. 14005). 

Chloranisidmo, when diazotised and collided 
with jS-naphthol, yields a red comjiound in¬ 
soluble in water (Julius, Ludwigslmh n and 
Jahrmaht, U.S. Pat. 095812); p- and 
anisidine, when diazotised and cow|dod with 
jfbnaphthol, yield red and pink dyestulls (lnuay, 
Eng. Pat. 25750 ; ,1. Hoe ('hern. Ind. 1898, 1039 ; 
ana Freyss, J. Hoc. ('hem. Ind. 1901, 350); 
o-iodo-p-amsidme, when diazotised and treated 
with naphthol sulphonie acid, yields a red d\c, 
similar to that obtained from p-amsidmc 
(Revordin, Per. 29, 997). 

Anisidme condenses with orthoformic ester, 
and the resulting compound is used as an 
anaesthetic (Goldehsmidt, Eng. Pat.. 9792 ; J. 
Hoc. Chem. Ind. 1899, 000). 

ANISOCHILUS CARNOSUS ’(Wall ). An 
Indian plant belonging to the Labial.e and 
containing a volatile oil. Used in quinsy. 

AN1S0LE. A >nsoil; Methylphenyl ether 
C e H 6 -0(tH 3 . 

Preparation —.Anisolo can ho obtained by dis¬ 
tilling anisio acid or o-metlioxybenzoio aeid with 
bhryta, or by heating potassium phenato with 
methyl iodide at 120" ((lahout s, Ann. Chim. Phys. 
[3] 2, 274 ; 10, 353 ; 27, 439). It is prepared 
by passing a current of methyl chloride over dry 
sodium phenato heated at 190°-200° (Vincent, 
Bull. Soo. chim. 40, 100), and by heating phenol 
with methyl alcohol and potassium bisulplmte 
at 160°-100° (Act. Ges. fur Anil.-Fabnk. ; 
D. R. P. 23776). It has been synthesised by 
fusing sodium benzene sulphonate with sodium 
methoxide (Mourou, J. Pharm. Chim. 8, v. 211). 

Properties. —It is a colourless ethereal liquid, 
which bods at 156°-165-6° at 762-3 mm. (Schiff, 
Annalen, 220, 105) at 153‘9° (corr.) (Perkin, 
Chem. Soc. Trans. 69, 1240); melts at -37‘8° 
(Von Schneider, Zoit. Phys. Chem 19, 997) 
and has a Specific gravity 0 991 at 16° (v. 
Oils, Essential). 

ANISOMELES MALABARICA (R. Br.). A 
much-esteemed Indian plant belonging to the 
Labiata*; an infusion of the leaves is used in 
intermittent fevers, and the essential oil is 
applied extemallv in rheumatism 

ANISOTHEOBROMINE. Trade name for an 
addition product of theobromine sodium and 
sodium anisate. 

ANKERITE. A member of the. group of 
rhombohedral carbonates containing calcium, 
magnedlum, and iron, with sometimes a little 
manganese. The formula is like that of dolomite 
with the magnesium partly replaced by iron; 
in normal ankeritc it is CaC(VNg*Fc t CO t . The 


angle between adjacent faces of the rhombo¬ 
hedral cleavage is 73° 48'. D 2*96-3-1 ; H 
3^-4. The mineral forms white, greyish, or 
brownish cleavage rhombs, cleavage masses, or 
granular masses. It occurs in some abundance 
with chalybite (FeCO s ) in the iron mines of 
Eisenerz m Styria, Londonderry in Nova Scotia, 
and in northern New York. The white, thin 
plat^ scams often seen m coal consist usually of 
ankerite. L. J. S. 

ANKOOL, AK0LA, DHERA, BARK* The 
root bark of Alangium Lamarckn (Thw.), one of 
the Comace.i 1 , used in leprosy and skin-diseases 
(Dymock, Pharm. J. [3| 9, 1017). 

ANNATTO. This is derived from the fruit 
of the Bixa orellana (Linn.), a shrub found 
native in Central America, and cultivated in 
Brazil, Guiana, Mexioo, the Antilles, and India. 

To prepare tho dyestuff, the seeds and pulp 
are removed from the mature fruit, macerated 
with water, and tho mixture is left to ferment. 
The product is strained through a sieve, and the 
colouring matter which settles out is collected, 
partially evaporated by heat, then placed in 
boxes, and finally dried in tho sun. 

Annatto comes into tho market in the form 
of cakes, and among the different varieties 
Cayenne annatto is the most esteemed, and is 
considered to be the richest in colouring matter. 
It should contain ttom 10 to 12 p.c. of the pure 
dye, and not more than 5 p.c. of ash, whereas 
the amount of colouring matter m tho Bengal 
product is frequently lower than 6 p.c. 

In 1848 Duruontal devised a new method for 
the preparation of annatto, in which fermenta¬ 
tion is avoided, and the pulp is simply washed 
out from the caj*sulca and off tho seeds. This 
product known as bixin is said to be five to 
six times more valuable than ordinary annatto 
(Crookes, Dyeing and Calico-Pi in ting). 

The colouring matters of this dyestuff were 
first investigated by Chevrcul (Leijons do 
Chimie appliquee a la Temtnre), who isolated 
two substances, one yellow, which was called 
oriellin, soluble in water, and a second, bixin, 
which is red and very sparingly soluble. 

Bixin, the useful colouiing matter, was 
subsequently examined by numerous chemists, 
who were only successful in preparing it as an 
amorphous powder, and its isolation in a crystal¬ 
line condition was first achieved by Etti (Ber. 
7,446; 11,864). 

Etti digested 15 kilos of purified annatto 
with a solution of 150 grams of calcined soda 
ash in 2*5 kilos of 80 p.c. alcohol on the water- 
bath at 80°. The mixture was filtered and the 
residue pressed between warm plates, and again 
extracted with 1-6 kilos of warm 60 p.c. alcohol. 

The alcoholic filtrate was diluted with half 
its* volume of water, concentrated, sodium 
carbonate solution added, and the crystalline 
precipitate of sodium bixin was collected after 
several days, and pressed. The product purified 
by solution in 60 p.c. alcohol at 70°-80° and 
reprecipitation with sodium carbonate was finally 
ma le into a cream with alcohol, and this, when 
neutralised with hydrochloric acid, yielded 
crystalline bixin. 

A simpler method has been more recently 
devised by Zwick (Ber. 30, 1972). Well-dried 
annatto is extracted for twenty-four hours with 
boiling chloroform, the extract evaporated, ftDd 
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the residue thoroughly exhausted with ligroin. 
The product is crystallised from chloroform, 
and after washing 14 with ligroin is repeatedly 
recrystallised from the former solvent. 

Bixin C a . 8 H 84 0 6 (Etti, l.c.; Marclilowaki 
and Matojko, Gnem. Zentr. 1900 [ii.] 1265) con¬ 
sists of brown-red or deep-red rhombic crystals, 
which, when slowly heated, melt at 191*5°, and 
when rapidly heated at 198°. It is sparingly 
soluble in the usual solvents, and of these*it is 
most readily dissolved by chloroform or alcohol. 
Concentrated sulphuric acid dissolves bixin 
with a cornflower-blue colouration, and this 
reaction is given by minute traces of the sub¬ 
stance [of. (>oein and Nyeanthin). 

Monosodium bixin C 2s H 33 0 6 Na-f2TT ; 0 is 
best prepared by dissolving 10 grams of bixin 
in a solution of 1*2 grams of sodium carbonate 
in 300 c.c. of 12 p.c. alcohol at 70° (Etti, Zwick). 
It is deposited on cooling in dark-red iridescent [ 
crystals, and can bo obtained in the anhydrous i 
condition by rocrystallisation from 70 p.c. 
alcohol (M&rchlewski and Matcjko). 

Dhodmm bixin C 2S H 32 O ri Na 2 -f21I 2 () is ob- 
tained when 20 grams of bixin is dissolved in a 
solution of 10 grams sodium carbonate in GOO c.c 
of boiling 12 p.c. alcohol. Jt consists of a dark- 
red amorphous powder (Etti). Mono potassium 
bixin 0 18 H 3S 0 s K-f H2 a O and dipotassmm bixin ! 
0 a8 H 38 O a K 2 -f 211 a O have alv been prepared. 

Bixra contains one inHhoxyl group Dis¬ 
tilled with zinc-dust, bixin welds, accoiding to 
Etti, metmi/lnie', tin 1 » ' •, and a hydro 
carbon C 14 H 14 , h.p. 27 u 2»u . 

According to Zwick bixin is readily ieduced 
by sodium amalgam, and a compound 
i?- thus produced. Marehlewslv' and Matejko, 
on the othor hand, studied the action of zinc- 
dust and acetic acid, and obtained in this 
manner an orange-coloured crystalline substance 
which possessed a strong metallic lustre. When 
slowly heated it melts at 200 5°, but if the opera¬ 
tion is carried out rapidly, at 208° 210°. This 
compound is c' idently of an unstable nature, 
for whereas when freshly prepared it gives 
0—75*4,11—7*7 p.c., on standing for some days 
ill the air it becomes colourless and then gives 
C -58'6, H=5 8 p.c At 100° this change occurs 
more rapidly. 

More recently there has been much con¬ 
troversy as to the correct formula for lux in. 

Van Hasselt (Olicrn. Weekblad, 1909, 0, 480) 
oontends that puro bixm, which melts at 189°, 
is C a oH 34 0 3 rather than C a as proposed 
by Etti (l.c.). If heated at 190° in a current of 
hydrogen, 1 gram uol. of bixin yields 1 gram 
mol. of m-xylene and no other volatile product, 
though it is not to be considered that a m-xvlene 
nucleus exists as such in the bixin molecule. 
No palmitic acid could be obtained from bi#in 
as Zwick suggests. Whereas both Etti and 
Zwick described mono- and dipotassium salts 
of bixin, the latter is not in reality a compound 
of bixin, but of a new substance termed norbixin 
0K*C l8 H 3() 0 8 *0K, produced by a substitution 
O. a methyl of the r iethoxy group present in the 
former by potassium (Reo. trav. chim. 1911, 
30, 1). Norbixin C a vH 31 0 5 consists of a light 
red-coloured crystalline powder which decom¬ 
poses at about 240°, and is distinguished from 
bixin by its insolubility in chloroform. 

Potassium bixinate with methyl sulphate 


gives bixin methyl ether B(OMe) a , or C 30 H 84 O 8 , 
plates, m.p. 156° (1909), and the same compound 
is obtained when a solution of bixin in methyl 
alcohol is treated with potassium hydroxide and 
methyl sulphate (1911). On treatment with 
potassium hydroxide, bixin methyl ether is con¬ 
verted into norbixin. Bixin ethyl cthJr C 8l H 8 8 0 8 , 
violet crystals, incite at 138°, and by mcthylation 
forms norbixin methyl ethyl eiher OMe*B*OEt, 
m.p. 149°. 

Potassium norbixin, obtained from bixin 
and alcoholic potash, givos with ethyl sulphate 
norbixin diethyl ether 0 2h H so 0 3 (0]£t) 2 , m.p. 121°, 
together with norbixin ethyl ether 
0 2 «H 30 0 3 (OF.t)(OH), 

m.p. 170°. 

The relationship between norbixin, bixin, 
and bixin methyl other is sh<5wn as follows :— 
OHROH OHROMc OMe*R*OMe 

According to Hasselt, yio-bixm mUhyl ether, 
m.p. 149°, is produced when norbixin ethyl 
ether is methylated, and it is thus evident that 
the two hydroxyls of norbixin arc not symmetri¬ 
cally situated, lso-bixin OHROMe, melts at 
| 178°, and may bo obtainod by the partial 
hydrolysis of bixin methyl ether, and this, by 
ethylation with ethyl sulphate, gives norbixin 
diethyl ether, m p. 121°, the methyl being thus 
replaced by an ethyl group, lso-bixin is dis- 
j tmguished from bixin by the greater stability 
j of its methyl group in presence of potassium 
hydroxide solution. 

The product of the reduction of bixin ob¬ 
tained by Marchlewski and Matejko, and 
referred to above, is considered by van Hasselt 
to consist of dikydrubixin C 2 i»ll 3 ri O r> . He has 
i also described dihydrobixin methyl ether C 80 H 3S O 6 , 
Imp. 174°; dihydro-iso-bixin J H 38 0 6 , m.p. 
j 190°; and dihydio-norbixin (' 2 S H 34 05 , which 
decomposes at 235° 

j By the action of bromine, bixin yields bixin 
decabromide G 2 -,H 34 0 5 Bi „„ whereas bixin methyl 
ether yields the analogous compound 
G 3 oIl 3«G 8 Br io* 

and both these substances are colourless amor¬ 
phous powders. Attempts to benzoylate or 
acetylate bixm were unsuccessful. 

On the other hand, Heiduschka and Riffart 
(Arch. Pharm. 1911, 240, 43) consider that the 
old formula 0 2 «H 84 O r , for bixin is preferable to 
that of Cj 9 H 34 O r> , advocated by van Hasselt. 
Bixin, by the action of bromine in the presence 
of chloroform, gives the compound C Js H 84 0 5 Br l0 , 
4HBr, melting at 143°, and this by heating at 
100° is converted into the decabromide 
C a8 H s4 O 6 Br )0 , which can be obtained crystal¬ 
line from alcohol, but is unstable. By the 
action of chlorine on bixin and norbixin respec¬ 
tively, the amorphous compounds C aH H 34 0 6 Clio> 
4HC1 and C a7 H sa O & Cl,c, 4HC1 can be prepared. 

Van Ha8selt(Rec. trav. chim. 1914, 33, 192), 
however, maintains that his formula for bixin 
C t9 H 84 0 5 is correct, and states that the dis¬ 
crepancy shown by the results of his own work 
and that of Heiduschka apd Riffart arises from 
the fact that bixin is readily susceptible to 
oxidation with-the formation of amorphous 
products. The bixin of these latter authors 
was not completely pure, and it is quite correct 
that specimens «wmch are purified by their 
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method give figures in harmony with the older 
formula C t8 H 34 0 & . Again, the analytical num¬ 
bers given by Marchlewski and Matejko for 
hydrobixin are explainable if bixin is given the 
formula 

A new formula C 25 H a7 0 8 *0Me for bixin was 
now suggested by Herzig, Faltis, and Mizzan 
(Monatsn. 1914, .‘15, 997), who stale that it is 
difficult to correctly analyse bixin unless special 
precautions are adopted. Dihydrobixin, the 
product of the action of zinc-dust and acetic . 
acid on bixin, melts at 178°-179°, whereas the ! 
methyl ether obtained by means of diazomcthanc j 
and bixin, or methyl sulphate and potassium 
bixin, melts at 158°. 

Though, as Hassell states, bixin at 190° 200' i 
yields m-xylene, the reaction is hardly of a 
quantitative nature., in that the crude oil, 
though containing this hydrocarbon, possesses 
no constant boiling-point. Rinkes ((’hem 
Weekblad) suggests that the formula of bixin 
is C 87 H 8a 0 4 , though Her/ig and Faltis (Her. | 
1917, 50, 927) in reply, reiterate that the e.vpres- I 
sion C,JI 3(l 0 4 is to be regarded as correct, and j 
that the real difficulty lies in tho combustion 
of this colouring lnalter. lleiduschka_ and ; 
Panzer (Her. 1917, 50,*5-U>) point out, however, j 
as the result of further investigation, that the j 
main difficulty is in the publication of the j 
substance. The most satisfactory products are 
those obtained by means of acetone and ethyl | 
acetate, which, when analysed, give figuics 
agreeing with the formula 0 4 

When ozonised, methyl bixin forms an 
ozonidc, and this by distillation, and partly by 
tho action of calcium carbonate, gives among 
other products, methyl-fi-acetyl acrylate, and a 
crystalline compound (j H H| (l O s , m.p. 86°, which 
yields an oxirae; m.p. 100°, and may bo the 
methyl ester of a lietomc acid. Methylbixin 
thus appears to contain the linkage 

C’MeCH: CH’C*0Me 

(Rinkes and Hasslet, Cliem. Woekblad, 1910, 13, 
244, and 14, 888). 

Sodium hyposulphite reduces bixin to a- 
hydrobixin , red needles, melting about 200°, ! 
norbixin to a-hydronorbixm, violet crystals, and j 
methylbixin to a-hydromethylbixin, violet needles, 
m.p. U)0°-192°. | 

On the other hand, with titanium sesqui- 
oxide, bixin gives (i-hydrobixm , norbixin £- 
hydronorbixin , and methylbixin fi-hydromethyl- 
bixin, the latter of which melts at 170°. By the 
action of zinc-dust both a- and £-hydrobixins 
are converted into the same y-hydrobixin, yellow 
crystals, m.p. 207° (van Hasselt, ibid. 1916, 13, 
429). 

in a furtli i r communication Heiduschka 
and Panzer (Bur 1917, 50, 1525) again maintain 
the probability of the formula 0 i8 H J0 O 4 fur 
bixin. 

Dyeing Properties .—Annatto is still em- ' 
ployed to a fair extent for colouring oils and 
butter, but is almost extinct as a dyestuff in * 
this country. As th$ orange-red colour which ' 
it yields^ is extremely fugitive to light, it has 
at no time been very extensively used. On 
the other hand, it resists the action of soap and 
dilute aoids very well. 

In order to dye cotton, the annatto is first 


dissolved in a boiling solution of carbonate of 
soda, and the goods are tljen entered and left 
in the bath for a quarter of an hour. They are 
subsequently pressed out, and washed in slightly 
acidulated water or alum solution. 

For silk, the bath is made up with equal 
paits of annatto and sodium carbonate; soap 
is also usually added, and the dyeing is continued 
at 50° for about an hour, aecordmg to the shade 
required. The colour produced can be rendered 
somewhat more yellow by passing tho fabric 
through a weak solution of tartaric acid. 

Wool is dyed at 80°-100° without any 
addition to the bath. A. U. P. 

ANNEALING. ( he / < aiit, Fr. ; das A nlassen, 
Gcr) A process which is applied princi¬ 
pally to glass and metals for the purpose of 
rendering them softer or less brittle. The 
process itself always consists in the application 
of heat for a period of time, which may vary 
from a few minutes to many hours, and which 
may be followed by very slow cooling; the 
object of the process is to permit the material 
to attain approximate equilibrium in regard 
to its internal structure. This state of normal 
internal equilibrium may be disturbed either 
by the effects of rapid cooling or by the applica¬ 
tion of mechanical deformation. The former 
is most frequently met with in glass, and in 
large*metal casting., while the latter is found in 
‘ wrought ’ metal of :ill kinds. 

In the case ol substances which are poor 
conductors of heat, such as glass, and also in 
masses of metal which are so large that thermal 
conductivity cannot produce reasonable uni¬ 
formity of temperature, relatively rapid cooling 
sets up severe stresses, owing to the fact that 
the outer or most rapidly cooled layers solidify 
or become hard and rigid first; subsequently 
the int< rual portions of the mass endeavour to 
contract in cooling, but find themselves con¬ 
strained by their attachment to a relatively 
rigid external envelope; tho tendency to 
thermal contraction is therefore overcome by 
severe tcusional stresses. A body in this con¬ 
dition, while it may present the phenomenal 
strength of a * Rupert’s drop,’ is liable to sudden 
fracture, particularly if the surface is cut or 
broken. The annealing of glass has been 
studied with great care (Twyman, Journ. Soc. 
(Hass Technology, vol. i. 1, pp. 61-74), and it has 
been shown that glass behaves as a true fluid 
whose change of viscosity with temperature 
follows an exponential law, so that tho viscosity 
is halved for each rise of temperature of 8° C. 
If, then, a piece of glass lias been so cooled as 
to be heavily stressed internally, these stresses 
will be relcasod if the temperature is raised to 
such a point that the viscosity becomes low 
enough tor appreciable flow to take place in a 
few seconds. The temperature required for 
this purpose may bo defined as ‘ the annealing 
temperature,’ and although it is not a definite 
critical temperature, the rapidity with which 
the viscosity or ‘ stiffness ’ of the glass changes 
with temperature makes it possible to approxi¬ 
mate to a definite ‘ annealing temperature ’ for 
each kind of glass. Experimentally this may 
be done by heating an internally-strained speci¬ 
men of the glass in an eleotrio tuhe-furaattce while 
keeping it under observation by means of a 
beam of plane-polarised light passing through 
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the glass while in the furnace-tube. When thus 
examined under ‘ crossed Nicols * the presence 
of internal stress makes itself apparent by a 
more or less well-defined cross, or at least by 
light and dark shading. This appearance 
remains practically unchanged (unless the heating 
is very slow), until the annealing temporature is 
reached, when the markings suddenly disappear. 
Such glass can then be fully annealed by heating 
to this temperature, followed by cooling in such 
a manner that no fresh internal stresses are set 
up. This usually implies very slow cooling 
until the glass is still enough to be freo from 
further risk in this respect. It should be j 
noted, however, that slow cooling in itself is of : 
no special advantage; all that is required is j 
the maintenance of tho greatest possible unifor- | 
inity of temperature throughout the mass so 
that all parts of it shall cool as nearly as may 
be simultaneously. In bodies like glass, which 
are poor conductors of heat, tins can only be 
attamed by extremely slow cooling, except 
where very thin pieces are concerned. In the 
case of metals, which are good conductors of 
heat, extremely slow cooling is not necessary 
in order to avoid the development of severe 
internal stresses, and as very slow cooling is 
undesirable in most metals because of the 
tendency to produce coarse and weak micro- 
structures, it u never employed mtentiorihlly. 
Annealing is, m fact, generally applied to metals 
for other purposes 

Metals in the cast or other ‘normal’ con 
dition consist of aggregates of minute crystals 
of approximately equal dimensions in all direc¬ 
tions ; when metal is mechanically deformed, 
as by hammering, rolling, or other working 
process carried on m the cold, these minute 
crystals are elongated in the same general sense 
as the mass of winch they fomi part, and this 
deformation of the crystals is accompanied by 
the well-known hardening of the metal under 
cold work. This is due in part to the internal 
rearrangement v Inch each crystal undergoes, 
and m part to the partial and local destruction 
of the crystalline arrangement itself, accom¬ 
panied by the formation of a hard amorphous 
‘phase’ (Ewing and Rosenhain, Phil. Trans. 
1890, ser. A. cxni. 353-376; Beilby, Phil. 
Mag. 1894). When the metal is subsequently 
annealed, ».e. heated to a suitable temperature, 
the metal ‘ recrystallises,’ the crystals rearrange 
themselves, anil the original condition is ap¬ 
proximately restored. In some metals the mole- 
oular mobility is such that recrystallisation takes 
place slowly even n' the ordinary temperature ! 
(lead: Ewing and Rosenhain, Phil. Trans. 
1900, cxcv. 279-301 ; brass: Cohen, Rev. 
general des Sciences, April 30, 1910); but in 
the greater number of cases a high tempefe- , 
ture is required. In the great majority of pure 
metals, and in some alloys, the rate of subse¬ 
quent cooling is immaterial so far as the softening 
effect is concerned; but m certain metals and 
in a large number of alloys cither allotropic i 
or other changes take place during gradual j 
cooling, and these transformations are more or ; 
less inhibited by rapid coolmg ; in such metals j 
the rate of cooling through the 1 critical tempera j 
tures ’ at which these changes occur is of material } 
importance. The most striking example is ( 
found in carbon steels containing upwards of ! 


$ p.c. of carbon, which are moderately soft if 
cooled slowly down to a temperature of 660°, 
but become exceedingly hard if suddenly cooled 
from a temperature above 700°. In the case of 
hardened tool steel, the process of annealing 
consists in raising the steel to such a temperature 
(above 700°) that the changes tfhich were 
suppressed when tho steel waa hardened by 
quenching are allowed to take place during the 
heating and cooling process. 

In modem ‘ high speed tool steels ’ the 
presence of a considerable percentage of tungsten 
(16—20 p.c.) or of molybdenum, 1 ip.s the effect of 
raising tho annealing or softening temperature 
very considerably. Prolonged exposure to a 
temperature near 900° 0. is required to bring 
about full softening, and tools made of these 
steels retain their cutting edge at a dull red 
heat (near 700° 0.), while a carbon steel becomes 
useless at a much lower temperature (near 
400° C.), It is this property which makes it 
possible to use ‘ high speed ’ tools for working 
at rates which generate far more heat than 
carbon steel tools could withstand. 

A special form of annealing known as 
' normalising ’ is now frequently applied to mild 
steel with highly beneficial results. The pro¬ 
cess consists in heating the steel to a temperature 
just above the highest critical point (from 
830° C. to 900° ()., according to the carbon 
content), keeping it there just long enough to 
ensure that the whole mass has attained the 
desired temperature, and then allowing the Bteel 
to cool rapidly, usually by taking it out of the 
furnace and coolmg it in the air. This treat¬ 
ment results in the refining of tho structure of 
the steel (sec. Metalj/iukaphy) with a very con¬ 
siderable concomitant improvement in the 
physical properties, more especially as shown 
by the notched-bar nnpaot test. 

In many metals the annealing process is 
liable to be complicated by the effects of 
chemical actions between the metal and its 
solid or gaseous surroundings, as well as by the 
effects of the growth of the constituent crystals 
of the metal; at high temperatures these 
crystals tend to increase in size, and the resulting 
coarsening of the grain of the metal leads to 
a deterioration in mechanical properties. 
Annealing at an undulv high temperature or 
for too long a time thus becomes ‘ over-heating,’ 
and is injurious to almost all metals and alloys, 
notably to steel and brass. W. R. 

ANODYNINE. Identical with antipyrine 
(?■"•)• 

ANOGON. Trade name for the mercury 
salt of 2-6-diiodophenol-4-sulphonic acid. 

ANON A MUhICATA (Linn.). A dccoctjpn 
of tho root is used as an antidote for fish-poison¬ 
ing, and the bark serves as an astringent. The 
leaves aie useful in softening abscesses, and from 
the seeds a wine can he prepared which is said 
to be beneficial in cases of diarrhoea (Chem. 
Zeifc. 10, 433; J. Soc. Chem. Ind. 5, 332). 

ANORTHITE v. Felspar. 

ANOZOL. Trade name for a preparation 
of iodoform deodorised by i0-20 p.c. of thymol. 

ANTACEDIN. Calcium aaccharate. m 

ANTALGINE.'*' Trade name for salicvl- 
aldehyde-a-methylphenyl hydrazone. Used for 
neuralgia and rheumatism. 

ANTHEMOL v.^Camphobs. 
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ANTHIONE. 


ANTHIONE. Trade name for a solution of 
potassium persulphate. Employed as a photo- 
graphio reagent. 

ANTHOCYANINS. Many brilliant natural 
effects are duo to the colouring matters of this 
group. They have been the subject of investiga¬ 
tion for munv years past, but it is only since 
the work of Willstatter and Everest (Annalen, 
1913, 401, 189) that chemical knowledge con¬ 
cerning them has been placed upon a satis- 
factory' basis. 

Marquart (Dio Farben dor Bliilen, Bonn, 
1835) first introduced the term anthocyan, using 
it for the blue pigments present in flowers; 
gradually, however, the term became extended 
to include all red, purple, and blue flower, 
berry, or leaf sap-pigments, whilst the terms 
nnthocyanin and. anlhoniavirlm were intro¬ 
duced by Willstatter and Everest to designate 
the glueosidc and non glucosidc anlliocyan 
pigments respectively. 

In 1837, Berzelius (Annalen, 21, 292) 
attempted to isolate and purify various pigments 
of thiB class, and his method, which involved the 
use of load salts, was adopted by many later in¬ 
vestigators, but rarely with any success. Morot 
(Annales des Science nat. |31 13, IfiO (1849-48501) 
attempted to obtain a pure, pigment from the 
cornflower, whilst Ere my and Clocz (J. Bharm. 
Ohim. (31 25, 249) worked on various flowers, 
including the cornflower, violet, ins, dahlia, 
rose, and peony, and concluded that, all antho- 
cyan colours were produced by a single pigment 
which they called (Jyanm. (This name was 
given to the cornflower pigment in 1913 by 
Willstatter and Everest) In connection with 
the supposed identity of all anthooyan pigments 
the work of Overton (Bring. Jahrber. f. wiss. 
Bot. 1899, 33,- 222), of Weigert (Jahrcsber. 
d. k. k. onol. und pomol. Lohranstalt in Klos 
Yemen berg, 1894-1895), and t he earlier work of 
Berzelius {Is.), Eremy and Cloez {Is.), Filhol 
(Compt. rend. 39, 194 ; J. pr. Chem. 1854, 63, 
78), Wigand (Bot. Ztg. 1862, 123), Hausen 
(Die Farbstoffe dor Bluton and Fruchten, 
Wurzburg, 1884, 8), and Wicsner (Bot. Ztg. 
1862, 392), should bo referred to. 

Filhol {l.c. 1854) and Morrcn (1859) carried 
out a • number of qualitative investigations 
bearing upon the formation of pigments in 


work led Graf© (Sitzber. k. Akad. d. Wiss. 
Wien, 1906, 975: 1909, 1033; and 1911, 765) 
to attempt to obtain similar results on a large 
scale, but although ho succeeded in procuring 
crystalline compounds in a number of cases, 
his chemical results have been largely disproved 
by the later work of Willstatter and his colla¬ 
borators. 

A considerable amount of investigation has 
| been carried out upon the relationship existing 
I between the anthooyan pigments and the yellow 
sap colouring matters—flavones and flavonols. 
Hope. (Trims. Hoy. Soo. Ed. 1836) developed 
ideas concerning this matter; Morot {l.c.), as 
i also Filhol {Is), touched upon ib, whereas 
! Fremy and Cloez {lx.) criticised the drawing of 
conclusions as to such relationships whilst so 
little was known concerning the pigments 
involved. Martens {Is.) suggested that the 
| yellow and red sap-pigments have their origin 
in a faintly yellow-coloured substance produced 
in the sap of all plants and which passes by 
oxidation—particularly in light—into the yellow 
sap pigments, and' that these, by further 
i oxidation and light, pass in their turn into 
nnthocyans. As the result of much botanical 
work, theories have been put forward by 
Wheldale, by Keeble, Armstrong, and Jones, 
and by others, which resemble that, of Martens 
in that oxidation of the yellow sap pigments 
-flavoncs or flavonols—is considered to be 
: one of the essential steps in the formation of 
anthocyan pigments. These ideas, which were 
: becoinmg very generally accepted, have been 
! disproved by Everest (Proe. lloy. Soc. 1914, 
1 B. 87, 444 ; and 1914, B. 8S, 326), who succeeded 
I in discovering the real relationship that exists 
between these two groups of pigments, and the 
manner in which the yellow t sap pigments could 
] be converted into anthocyan ins. He showed 
I that anthocyanidins arc produced by reduction 
j of flavonols, followed by spontaneous oxonium- 
j salt formation and dehydration, a series of 
changes that may he expressed thus :— 


HO- 
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OH 


OH 


Work of a more definitely quantitative 
character was attempted by Glenard (Compt. 
rend. 47, 268 ; Jahrber. 1858, 476), using red 
wine, And Senior (Jahrber. 1878, 970), using 
row gallics, and this was followed by that of 
Heise (cf. Cliem. Centrblt. 1889, ii. 953 ; and 
1894, ii. 846) and Gian (Dissertation, Erlangen, 
1892), in which the pigments of red wine, the 
bilberry, and flowers oi the deep-red hollyhock 
were examined, and as the result of this tho 
question of the glucosidal nature of these 
pigments was raised, a question first settled by 
the work of Willstatter and Everest in 1913. 

The first description of an anthocyan pigment 
in crystalline condition was published by 
Griffiths (Ber. 36, g959; Chein. News, 1903, 
88, 249k the pigment being that of the scarlet 
pelargonium. Somewhat la f 5r, Molisch (Bot. 
Ztg. 1905, 145) obtained the same, and several 
other pigments of the series, in crystal¬ 
line condition on raicroscope-Blides, and his 
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Cl 



Anthocyan. 


In like manner lie obtained anthoeyanins 
when glucosides of the flavonols were need. 
The evidence thus obtained by synthesis, and 
the structure proposed by Everest wore in com¬ 
plete agreement with the results of analytical 
work, carried out independently and concur¬ 
rently, by Willstattor and Ins collaborators in 
the extension of their work on the anthocyan 
pigments. and they, after repeating the work of 
Everest, confirmed it (Sitzber d K. Akad. 
Wiss. Berlin, 1914, 709), and in this way obtained 
synthetic cyanidm clilonde and proved it to 
be identical with Willstattor and Everest’s 
cyanidin chloride, obtained from the cornflower. 
In connection with the production of anthocyans 
from flavone derivatives, the following papers 
should also be noted, viz. Stem, J. pr. Ohem. 
1802 and 1803; Jllasiwetz und Pflauncllcr, 
Sitzber. Wiener Akad Wins mat.-natw. Klas.se. 
1904; Watson, (‘hem Son ^ran> 1914, 105, 
389; CotpboH, Gompt. rend. 1913. 157, 1002, 
and 1454. 

A further interesting synthesis of an antho- 
cyanidm (pelargonidin) has smeo been carried 
out by Willstatter and Zechmeister (Sitzber. 
d. k. Preuss Akad. d. Wish. Berlin, 1914, 880), 
who made use of a totally different series of 
reactions which may be represented thus :— 


Cl 



H 

Pelargonidin chloride. 


In this way the structure of all the antho- 
eyan pigments thus far investigated has been 
established. It. is interesting to note that all 
are derivatives related to flavonols, and in this 
connection Everest (lx.) has pointed out that 
as llavonos are also mot wjth in plants, and 
that they yield red pigments on reduction, theip 
is every reason to expect that anthocyans 
related to them may be brought to light as the 
result ol further research. 

It would seem that, these pigments are 
formed m Nature from flavonol derivatives 
first produced in the plants Direct chemical 
evidence of this has been obtained by Everest 
(Roy. Soc. Proe. 1918, B. 90, 251). He has 
isolated the anthocyan 'pigment viulanin, a 
glucoside of delphmidin, 
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from the purple-black viola (Sutton’s) ‘ Black* 
Knight,’ and has shown that, unless gossypetm 
is present, which appears unlikely, this pigment 
is accompanied in those flowers by a glucoside 
of myricetin; 
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mvr.cetin being the flavonol which would yield 
cieiph midin by reduction. 

Some interesting substitution derivatives of 
the anthocyan series have been prepared by 
Watson (Chem. Soc. Trans. 1914, 397 ; 1915, 
1477), as the result of treating flavone and 
flavonol derivatives with various Grignard 
reagents. The following are typical examples 
of such compounds :— 
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la 1913, in connection M'lth their investiga¬ 
tion of the cornflower pigment, Willstatter and 
Everest (/.c.) showed that all anthocyan pigments 
occurred in plants as glucosides (named by them 
Antliocyanins), and this generalisation has been 
Supported and confirmed by all more recent 
work. In some few instances, however, e.g. in 
the black grape, a small percentage of sugar-free 
pigment (named anthocyanidin) has boon found 
to accompany the glucosido. 

These authors introduced an important 
reaction whoreby it is possible to determine 
whether a given anthocyan pigment is a glucoside 
or not. When a solution of the pigment in 
dilute aqueous acid (preferably ca. 0*5 p.c. 
HC1) is shaken with amyl alcohol (free from 
pyridine), the pigment, if a di-glucoside remains 
almost quantitatively in the aqueous layer, but if 
it is a mono-glucoside (rhamno-glucosides behave 
in this tost very similarly to mono-glucosides), 
then an appreciable percentage of the pigment 
■{ca. 10 p.c.) passos to the amyl alcohol, but this 
can bo removed by shaking the alcohol layer 
repeatedly with fresh acid. If the pigment is a 
non-glucoside it passes quantitatively into the 
amyl alcohol, and shaking with fresh aqueous 
acid does not withdraw it. 

The Anthocyanidins. 

All the anthooyanins hitherto investigated 
are derivatives of three anthocyanidins, viz. 
Pelargonidin, Cyanidin, and Dclvhimdin, or 
of methyl ethers of these compounds. 

Pelargonidin, which was fhst isolated in the 
form of its diglucoside, pelargontn, from tho 
Pelargonium zonah (Meteor), may be obtained 
by the hydrolysis oi that oi f any other of its 


glucosides isolated by Willstatter and his 
collaborators; such compounds occur in the 
following flowers, either alone or mixed with 
other anthocyan pigments, viz. purple-red 
summer aster, GaUistephus chinensis (Sees), syn 
Aster chinensis (Linn.); the scarlet Salvia, 
Salvia cocctnea (Linn.), and S. splendens (Sello.); 
the rose-coloured cornflower; scarlet-red 
gladiolas; and Zinnia degans ( Jaoq.). The 
colouring matter is most readily isolated as the 
crystalline chloride. 

' Pelargonidin chloride C u H„O a Cl, or 3 : 5 : 7- 
tnhydroxy -2 - p - livdroxyphenyl -1:4- 
benzo-pyranol anhydrociiloride, has the structure 
represented by : 

Cl 



and crystallises with one molecule of water, this 
being removed only by drying in high vacuum at 
105° 0. 

By the action of hydrochloric acid a related 
product is formed, the constitution of which 
is iiwt settled. P-Jargonidm chloride has been 
observed to yield threo different crystalline 
forms: ( 1 .) red tablets; (li.) red-brown four¬ 
sided prisms; and (m.) yellow-brown swallow¬ 
tail twin crystals (cf. Willstattor and Bolton, 
Annalen, 1915, 408, 42; and 1916, 412, 133) ; 
it is difficultly solublo in cold dilute acids, more 
soluble in warm; in alcohol it is very easily 
soluble. An acid solution of the chloride gives a 
blue colouration on addition of sodium carbonate 
solution, but ferric chloride does not produce 
any colour reaction. Unlike any other known 
pigment of this series, it shows two absorption 
bands, one in the yellow-blue portion, of the 
spectrum, the other in the violet, the latter 
being the one not observed in other cases. The 
compound does not melt below 350° C. 

When decomposed by heating with con¬ 
centrated caustic potash, or by fusion with 
potash, the decomposition products are mainly 
phloroglucinol and p-oxy-benzoic acid, but a 
small quantity of protocatechuio acid is also 
formed. 

Pelargonidin «/;-base C u H, 2 0„ colourless 
prisms, not melting below 350° C., is formed 
when the chloride is heated with water (pre¬ 
ferably by addition of a trace of sodium bi¬ 
carbonate), the product extracted with ether, 
and crystallised from water. It is very easily 
soluble in alcohol, ether, and hot water ; acidi¬ 
fication of an aquoous solution with HC1 causes 
the deposition of the chloride. 

Pelargonidin chloride dyes wool (tin mordant) 
purple-red, and tannined cotton bluish-red; 
it does not dye unmordanted wool. 

Cyanidin, first isolated by Willstatter and 
Everest {he.) from the blue cornflower pigment 
(cyamn), may be obtained by hydrolysis of 
this or any other of its naturally occurring 
glucosides, or from its methyl ether, peonidin, 
by demethylation. Glucoside-pigments derived 
from cyanidin have been isolated from, or 
deteoted in, the flowers of blue, and deep purple, 



ANTHOCYAKINS. 


cornflowers, row galHca, peony, ohrysanfchoraum, 
dahlia (deep red), aster, poppy, Zinnia elegant, 
gladiola* (hybrid), gaiUardia bicolor, helenium 
autumnale., tvlipa gesneriana, tropaolum majus, 
and in the fruits, or berries, of the sweet cherry, 
sloe, cranberry, red currant, raspberry, and 
mountain ash. In some cases they are aocom 
panied by derivatives of other anthooyanidins 
(tee various papers by Willstatter 'and his 
collaborators). 


Cyanidin chloride C 16 H n 0 fl 01, 3:5:7-tri- 



crystallises readily from 20 p.c. HOI, when its 
pure glucosides aro hydrolysed by boiling with I 
this reagent for three minutes, the crystals, j 
long red-brown needles with metallic lustre. | 
contain IH 2 0, which is very difficult to remove, 
complete drying being only obtained at 105° 0. > 
in high vacuum The anhydrous salt <h*i8 not 
melt below 300° (' ; if dried at 50° C. it melts 
at once if dipped into a bath at 220° C , but does 
not melt if put in at. 200° C., and t lie temperature 
then gradually raised. It is ^cry soluble in 
methyl, or et.'hyl alcohol; fairly soluble m dilute 
sulphuric acid: difficultly soluble in 1IC1. 
Neutral alcoholic or aqueous solutions lose 
their colour on standing owing to pseudo -base 
formation, acids reproduce colour, slowly if cold, 
rapidly if warm. The absorption spectrum 
shows one broad band with ill-dehned edges. 

Cyanidin colour base, separates in crystalline 
condition when a hot concentrated solution of the 
chloride m alcohol is mixed with twice its 
volume of water (cf. Willstatter and Nolan, 
Annalen, 1915, 408, 13). It is fairly soluble 
in alcohol or pyridine. 

Cyanidin pseudo base C 1S H, 9 0 7 , crystallises 
with one mol. H,0 when a dilute solution of the 
chloride in alcohol is mixed with twice its volume 
of water, warmed gently, then, after it has 
become colourless, evaporated in vacuo , extracted 
with ether, and the product crystallised from 
water. Readily soluble in water, alcohol, 
acetone, or glacial acetic acid, it is insoluble in 
benzol ; with soda t gives a yellow colouration, j 
with HC1 cyaihdm chloydc is formed and 
crystallises out. When decomposed by means 
of fused alkali protocateehuic acid and phloro- 
gluoinol are produced. • 

Cyanidin chlorides dyes wool (tin mordant) 
blue-violet, cotton (tannined) violet, and unmor¬ 
danted wool fine rose (Willstiitter and fUallison). 

Delphinidin, first obtained by Willstatter 
and Mieg (Annalen, 1915, 408, 61) from the 
pigment of purple *vild delphinium (delphinin), 
may also be obtained by hydrolysis of vioianin, 
the only other glucoside of delphinidin itself 
that has as yet been isolated, or by demethyla- 
tion of its mono- or di-methyl ethers, several of 
which oocur, as glucosidbs, in a variety of 
flowers and fruits. 


Delphinidin chloride C 16 H n 0 7 Cl, 3:5:7- 
trihydjroxy-2-w*: m : p : trihvdroxyphenyl-1 w4- 
benzopyranol-anhydrochloriae: 



prepared by boiling the above-named glucosides 
with 20 p.c. HC1 for two minutes, rarely sepa¬ 
rates pure from the hydrolysis as it is affected 
by concentrated hot HOI. Four distinct crystal¬ 
line hydrates have been described by Willstiitter 
and Weil (Annalen, 1910, 412, 178), viz. w4th 
1H 2 0, 1W 2 0. 211,0, and 4H 2 0. W. and W.’s 
‘first, hydrate’ (2lf 2 0) separates from cold, 
aqueous alcoholic hydrochloric acid solutions 
(prepared by addition of 7-20 p.o. HC1 to an 
alcoholic solution of the colour) when the alcohol 
is allowed to evaporate slowly: it forms 
aggregates of prismatic tablets ; their 1 second 
hydrate ’ (lH a O) -separates from cold, 3-5 p.o. 
hydrochloric aeid as thin, sharply-cut, deep- 
violot, rhombic tablets ; their ‘ third hydrate ’ 
(41I a O) is deposited from 5 p.c. hydrochloric 
acid in the form of fine red-brown prisms and 
needles; their ‘fourth hydrate’ (1£H 2 0) 
separates from hydrochloric acid containing 
more than 20 p.c. H01, and is readily prepared 
by adding concentrated IICl to a solution of the 
colour in water, or dilute MCI, when an amor¬ 
phous precipitate is first produced, but this 
slowly crystallises. All the above hydrates 
lose their water of crystallisation in a vacuum 
desiccator at room temperature. Of these 
hydrates the third and fourth appear most 
readily obtainable. 

The chloride is easily soluble in methyl, or 
ethyl alcohol, and m water—the aqueous solution 
soon doposits violet flakes of the colour base— 
it is difficultly soluble m dftute sulphuric acid ; 
ether extracts a portion of the colour from an 
aqueous solution, but shaking the ether extract 
with aqueous acid completely removes the 
colour. Addition of soda to an acid solution 
yields a fine blue colour; forric chloride added 
to an alcoholic solution gives a pure blue, to 
an aqueous solution a violet colouration. When 
the chloride was treated with caustic potash 
(75 p.o.) at 250° 0., Willstatter and Mieg ob- 
t-uned pkloroglucinol, pyrogallol, and a small 
amount of gallic acid. The absorption spectrum 
consists of one band (yellow-green), which is 
fairly well defined. 

Delphinidin sulphate, long prisms, from hot 
dilute sulphuric acid. Iodide, brown prisms, 
or leaflets, obtained by boiling the chloride with 
concentrated hydriodic acid and phenol. Pi- 
crate, fine red-brown needles and prisms, diffi¬ 
cultly soluble in water. Colour base, amorphous 
violet precipitation deposited from neutral 
aqueous solutions of the*chloride on standing. 
Pseudo base C i:> H, 2 O h , obtained by arming a 
dilute solution 6 4 the chloride with a trace of 
primary sodium phosphate, extracting with 
ether and recrystallising the product from water 
or ether; coloufless prisms, no melting-point; 
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easily soluble in alcohol, acetone, ethyl acetate, 
or. glacial acetic acid, less soluble in ether, 
insoluble in benzol; aqueous soda dissolves it 
with a yellow colour, aqueous hydrochloric aoid 
converts it into the chloride. 

Delphinium chloride dyes mordanted wool 
(tin) blue, with violot tinge, tannined cotton 
blue-violet, and unmordanted wool violot. 


MkTHYL ISlIlEK OF Cl'AMUlIs. 


Peonidln, obtained by Willstatter and Nolan 
(Annalen, 1915, 408, 156) from the pigment of 
the doep violet-rod peony, has been proved by 
them to be a mono-methyl ether of cyanidin. 

Peonidln chloride C, 6 H I8 O 0 (.'1 forms a crystal¬ 
line liydrate with 1H 2 0, long red-brown needles, 
fairly soluble in cold water, very soluble in hot: 
very soluble in alcohol; verydifficultlysoluble m 
e(4d, easily soluble in hot i p.c. HC1, recrystal 
lising well from this medium. With boiliiu; 
hydriodic acid it yields cyanidin iodide; an 
acid solution yields a blue colour on addition of 
soda; ferric chloride gives no characteristic 
colour reaction From the ferric chloride test, 
together with the alkaline decomposition, which 
yielded evidence of a methyl ether of. the 
phenolic acid, but no methyl ether of phloro- 
glucinol, and further, as the result of Zeiscl 
estimations, Willstatter and Nolan suggest the 
formula*: 
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as probable for poonidin chloride. 

Peonidln sulphate, brown-red needles, from 
7 p.c. aqueous sulphuric acid. 


Methyl Ktheks of Delviiinimn. 

(a) Mono-methyl Ethers. 

Ampelopsidin, isolated as the chloridt * 
Cj JI„0 7 C1, by Willstatter and Zollinger (Anna¬ 
len, 1916, 412, 216) from the pigment of the 
arapelopsis (see below), crystulliscs in prisms 
containing water of crystallisation, the amount 
of which has not yet been definitely settled, 
and probably has the structure : 



Its investigation is not yet complete. 

Myrtillidln has been obtained from the 


pigments myrlillin or althein (see below) by 
Willstatter and Zollinger (Annalen, 1916, 408, 
82; and 1916, 412, 205) in the form of the 
crystalline chloride 0 Ifi H 18 0 ; Cl, clusters of deep 
brown prisms, or red-brown prismatic tablets, 
containing 1JH S 0. Upon evidence obtained 
from alkaline decomposition, and consideration 
of the ferric chloride reaction, W. and Z. con¬ 
sider that the chloride lias one of the following 
structures, viz. • 



Petunldin, prepared by Willstiitfor and 
IS«rd|ck (Annalen,,. 1919, 412, 217) from the 
pigment of tho eultivated petunia ( see helow) 
forms a crystalline chloride C„H ,,0,0. yellow’ 
brown prisms, or rhombic leaflets,' containing 
2H,0; it is closely related to. but somewhat 
different from, myrtillidin, and W. and B, con¬ 
sider that petunidm is represented by one, and 
mvrtillidin by the other of the two structural 
formula’ set out above under myrtillidin, hut 
at present a decision between them is not 
possible. 

Anthocyanidin fiom Vilis Riparia Pigment. 
This product is probably one of the other 
possible mono-methyl ethers of delphmidin, hut 
the work on it as yet is very incomplete. 


(4) Di-methyl Ethers. 

Malvidln. This compound has been isolated 
from the pigment of the wild mallow ( see below) 
by Willstatter and Mieg (Annalen, 1913, 408, 
122), who obtained it in the form of its crystal¬ 
line chloride C 17 H 1E 0 7 C1, deep-brown needles 
or prisniB, often in rosettes, containing 211,0. 
of which the last 1H,0 can only be removed at 
105° 0., in high vacuum. It does not melt 
below 300° 0. Easily soluble in methyl or 
ethyl alcohol, but (he solution in methyl alcohol 
soon deposits a crystalline precipitate; fairly 
soluble in amyl alcohol, it is difficultly soluble in 
dilute sulphuric acid. It gives no ferric chloride 
reaction, from which, and tho fact that they 
ob&inod evidence from alkaline decomposition, 
that one MeO group was m each of the benzene’ 
nuelei, W. and M have put forward the 
structural formul e: 
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HO- 


C1 


/°\ r . 


/' 


OH 


VKC\ 


rO 


McO ^ 


OH 


OMo 

Oil 


for this compound. 

Picratc, red-brown needles, difficultly soluble 
in water. 

Oenidin has been prepared by Willstattor 
and Zollingor (Annalen, 1915, 408, S3; and 
1910, 412, 195) from the pigment of the black 
grape, or red wine. It appears to exist in 
black grapes, with the glucoside oemn. 

Oenidin chloride (J l7 H 16 0 7 CI crystallises in 
deep brown prisms or needles, with bronze 
reflex, containing 1UI 2 0, of which the last 
half molecule is not removed until heated to 
135° C. in high vacuum. It is readily soluble 
in water, in methyl or ethyl alcohol, in dilute 
HC1 or dilute sulphuric acid , an acid solution 
becomes violet on addition of soda, but blue 
with caustic soda. From tho products of 
alkaline decomposition (which showed that no 
McO group was present in the portion of tho 
moleouie which yielded phlproglucmol, hut at 
least one was in tho other phenyl group), and 
tho absence of a ferric chloride reaction, Will- 
stdtter and Zolhrger have proposed the following 
formul.e for this compound, viz. ; 


HO x 


u 


'V 


<: 


OMo 
y -OMo 

oil 


Oil 


HO 


HO- 


Cl 

ryVo 

AtAoMe 


OH 

OMo 

OH 


HO 


Picratc , fine deep red prisms, very difficultly 
soluble in water. 

All the above-mentioned mono- or di-methyl 
ethers of delphinium yield delphinidiu iodide 
when boiled with concentrated hydriodic acid. 


Tim Gmcosiniis (Antuuoyanin.s). • 

The glucoside members of this group are the 
pigments producing the reds, purples, and blues 
which form so noticeable a part of the colourings 
of flowers, fruit, and autumn leaves. In many 
instances one pigment may produce all these 
shades, the colour being dependent on tho con¬ 
dition of the cell sap ; thus cyanin, as its potas¬ 
sium salt, is the blue of the blue cornflower; 
as the colour base, it. is the purple of the deep 
purple kinds of the same plant, whereas the 
same pigment in combination with plant acids 
gives the red colour to Rosa gallka. 


Yellow sap pigments, flavone derivatives, 
being but very faintly coloured unless present 
as alkali salts, rarely play any great part in 
the colouration of flowers, except in tho produc¬ 
tion of pale yellows, as in the primrose, or 
together with anthocyanins, wheie these are 
not strong, of pale peach-colour effects ; on the 
other hand, tiie strongly yellow, or orange, 
carotinoids produce—beyond the colourations 
for which they are solely responsible—orange 
and brown shades when present together with 
anthocyans. 

Owing to the varying sap conditions whieh 
occur, and their effect on the pigments, it is 
not easy, and is often impossible, to obtain, by 
means of mere observation, any accurate estima¬ 
tion of tho quantity of an # anthocyan pigment 
present in a flower; moreover the-shades pro¬ 
duced by different anthocyanins often resemble 
one another so closely as to make discrimination 
between them impossible (cf. Willstattor and 
Mallison Aimalen, 408, 147). 

Methods of isolation. 

Willstalter and Mallison (U.) summarise 
the various methods used for the isolation of 
antliocyanin pigments thus :— 

I. Precipitation and crystallisation of the 
chloride, e.g. pclargomn. 

II. Special purification of the pigment 
followed by crystallisation of the chloride, e.g. 

v«) Cyanin (i). from blue cornflower, by 
purilioation of tho alkali salt by precipitation 
with alcohol from aqueous solution, followed by 
conversion to the chloride and fractional puri¬ 
fication from alcohol by ether; 

(li.) from rose, or peony, by long stauding 
with a mixture of glacial acptic acid, methyl 
alcohol, and HO, wheieby impurities are 
hydrolysed or acotylated. • 

(b) Myrlilhn, by repealed purification from 
aqueous solution by HC1. 

(c) Ihiphinin (i.) by pmification of violet 
colour base from dilute alcohol, soluble by addi¬ 
tion of concentrated alcohol 

(n.) by gently warmiug Vith HOI, whereby 
impurities are hydrolysed, but not the delphinin. 

ITT. Precipitation of the pigment as crystal¬ 
line picratc, followed by conversion of the pure 
picrate to chloride, c g. (Jenin, myrtilhn, idaein. 

1. Den vat ires of Pclargonidin. 

Pelargonin, a diglucoside of pelargonidin, 
i he pigment of tho scarlet pelargonium zonalc , 
was so named by Willstatter and Bolton (Anna- 
leu, 1915,408, 42), to whom we owe our chemical 
i knowledge of this pigment. Cf. earlier workers, 
i Griffiths (he.), Molisch ( l.c .), and Grafe (l.c.). 

1 Willstatter and Bolton have also shown that 
1 this colouring matter occurs in the pink eorn- 
1 flower, and the cactus dahlia (ibid. p. 149). 

I Pelargonin' chloride C 2 -H 3 ,0 1B C1 crystallises 
in long red needles, containing 4H 2 0, all of 
which is lost in vacuum desiccator at room 
temperature. When anhydrous it softens at 
175® C., melts at 180° 0. (decomposed). Not 
very soluble in water, meflhyl, or ethyl alcohol, 
its alcoholic solutions snow chawioteristio 
greenish-yellow "fluorescence. It is optically 
active. W. and B. give [a] D =—291°, [a] 6u = 
— 180°; the saltjffiows an absorption speotrum 
consisting of one broad band. 
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Basic chloride 

(C a: H al O u CI) 1 (C a7 H, 0 O 15 )12H a O, 
deep violet mioro8copio needles, obtained by 
boiling tho normal chloride with 96 p.c. alcohol 
for a few mifcutes. Acelale 

(Cj 7 H 8 o0 1 B) 8 , (C a7 H so 0 lfi , O a H^0 2 ), 
fine red noedlea from a solution of tho base (see 
below) in warm glacial acetic acid. Pclargonin 
base C a7 H 80 O lB , amorphous, difficultly soluble 
in water or alcohol, obtained by tho action of 
a small quantity of water on the normal chloride. 

Salvianin (Willstatter and Holton, Annalen, 
1916, 412, 113), as yet only obtained crystalline 
as picrate, is the pigment of the scarlet Salvia 
8])lenden8, in which it ocours to the extent of 
ca. 6 p.c. The chloride (not crystalline) when 
completely ’ hydrolysed, yields pelargonidm 1 
chloride (ca. 36 p.c.), glucose (;</. 30 p c ), and 
malonic acid (ca. 25 p.c.). It behaves abnor¬ 
mally in distribution between amyl alcohol and 
aqueous acid, and it appears possible that 
the glucose is present in a dehydraft'd form j 
C 6 H 10 O 5 . Careful hydrolysis with HCl appears 
to romove tho malonic acid, yielding a now pig¬ 
ment Salvin clilonde, probably C 27 H a7 0, 8 Cl (a 
diglucosido of pelargonidm—2H a O), which shows 
the same abnormal distribution as the previous 
compound; tins was obtained m a crystalline 
condition by W. and 13. Further gentle hydro 
lysis then yiolds a true diglucosido of pelargonidm 
which was named Salvmm chloride C 27 H 31 0it,Cl > [ 
this body shows normal distribution for a 
diglucosiae anthoeyanin, whilst by further 
careful hydrolysis it yields a mono-glucoside ot 
pelargonm and glucose (1 mol.), whilst finally 
the monoglucoside yields pelargonidm and 
glucose. W. and B. have not completed their 
investigation of these pigments, and the names 
they have used are stated to be tentative. 

Callistephin, a mono-glucoside of pelargonm, 
is present together with asterin (a cyanidm 
glucoside) in purple-red asters (Callislephas 
chinensis (Nees), syn. Aster chuiensis (Linn.), from 
which it was isolated by Willstattei and Burdick 
(Annalen, 1916, 412, 149). It was separated 
from asterin by fractional precipitation from 
alcohol by ethor, and rccrystalhsed from aqueous 
alcoholic hydrochloric acid. Clilonde 
O aJ H 2 |Oi„Cl, 

fine orange-red needles containing 2-24 H 2 0 ; 
easily soluble in water, alcohol, or dilute acids 
(HC1, H 2 S0 4 ). Acid solutions become red- 
violet with alkalis; it gives no ferric chloride 
reaction; unlike pelargonm it does not show 
fluorescence in alcoholic solution. 

Pelargonenin, a mono-glucomic of pelargo- 
nidin, has been prepared by Willstatter and 
Bolton (Annalen, 1916, 412, 133) by partial 
hydrolysis of pelargonin with cold concentrated 
HCl, any pelargonidm pioduced being removed 
by means of amyl alcohol, and the chloride 
crystallised from warm 2 p.c. HCl. Chloride 
CnHj.O^Cl, scarlet-red needles, probably con¬ 
taining 21 mols. water, sparingly soluble in water, 
very * difficultly soluble in dilute HCl; its 
alcoholic Solutions show stronguorcscence. 

2. Derivatives of Cyanidin. 

Cyanln, the pigment of blut or purple corn¬ 
flowers, also ooours in Rosa gallica, and deep red 


dahlia flowers; it is a diglucoside of cyanidin. 
Willstatler and Everest (Annalen, 1913, 401, 
189) first obtained it in a pure condition, as the 
crystalline chloride,from the blue cornflower; 
it is, however, more readily prepared from Rom 
gallica (W. and Nolan, Annalen, 1915, 408, 1), 
or the deep red dahlia (W. and Mallison, Annalen, 
1915, 40H, 147). The chloride C l7 H 81 0i 6 Cl, 
red-brown rhombic leaflets containing 2£ mols. 
of water can only be completely dried at 105° C. 
m high vacuum. Air-dned it is very difficultly 
soluble in water, acetone, or chloroform, diffi¬ 
cultly soluble in cold alcohol or dilute HCl, 
msolublo in benzol. In 7 p.c. sulphuuc acid it 
i is fairly soluble, but the sulphate separates out 
from the solution. Soda added to an acid solu¬ 
tion gives a pure blue; feme chloride gives a 
tine blue in alcohol, violet in water. It shows 
a single absorption band covering the green and 
blue; it is optically active. Wdlstatter and 
Nolan give, for white light, [a]——258° (±10°). 
Picrate, red needles, very soluble in water. 
Cyanin potassium salt, tho blue pigment of the 
cornflower, was obtained crystalline, but not 
free from NaCl, by Wdlstatter and Everest, 
after purification by dialysis. It is very soluble 
in water, insoluble in alcohol; its blue aqueous 
solutions become colourless on standing owing 
to formation of psevdo- base, whereas in 20 p.c. 
NaCl solution the colour is stable for months. 

Mekocyanin, isolated by Willstatter and 
Weil (Annalen, 1916, 412, 231), is one of the 
pigments of the poppy (Papaver rheeas (Linn.)), 
and a diglucosido of cyanidm. Its isolation is 
I difficult, and involves a separation from a 
' second pigment which has not yet been investi¬ 
gated. The clilonde C 2; H.,|(),„C1, crystallises 
m needles containing 3J1 2 (), 2 mols. being 
j readily removed, the third only at 105° 0. in 
| high vacuum. Very eaady soluble in water, 
dilute HCl, fairly soluble in methyl, difficultly 
soluble in ethyl alcohol, msoluble in acetono, but 
soluble m a nnxlmo of acetone and water; its 
! reactions closely resemble those of cyanin 
chloride. Fenocyanide, fine red-brown needles, 
prepared by adding potassium feirocyanide to a 
solution of the chloride in very dilute HCl; 
fairly soluble in water, sparingly soluble in 
1 alcohol. 

J Mekocyanin chloride, when carefully hydro¬ 
lysed, first yields a mono-glucoside (identical 
with Chrysanlhemm) and 1 mol. glucose, then 
by further hydrolysis cyanidin and a further 
molecule of glucose. 

Keracyanln, a rhamno-glucosidc of cyanidin, 
is tho pigment of the sweet cherry (Prunus avium 
(Linn.)), and has b&en isolated by Willstatter 
and Zollinger (Annalen, 1916, 412, 164) from the 
skii3 of that fruit; the purification is tedious, 
and not final in form. The chloride C 27 H 3 ,0 15 C1 
occurs in two forms, fine needles containing 
4H 2 (), and short brown-yellow prisms contain¬ 
ing 3H 2 0. The salt is easily soluble in methyl 
alcohol, fairly soluble in ethyl alcohol, difficultly 
soluble 001-0*1 p.c. IICl,-but easily soluble 
1 p c. HCl, then less soluble as the concentration 
of HCl increases. 

Prunicyanin, isolated by Willstatter and Zol¬ 
linger (U) from the skins of the sloe (blackthorn, 
Prumis spinosa (Linn.)) is a rhamno-glucoside 
of cyanidin, closely resembling mekocyanin; 
its investigation is not yet complete. C/doriie, 
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not obtained crystalline, but as small spherical 
particles; yields, on hydrolysis, cyanidin chloride, 
rhamnose, and a hexose (not yet identified), in 
approximately molecular proportions. 

Asterin, one of the pigments of the purple- 
red aster ( cf . CaUistephin), has been isolatecl by 
Willstatter and Burdick ( l.c .), it i8 a mono- 
glucoside of cyanidin. The chloride C 21 H 21 0 U C1, 
red-brown prisms, containing 1£11 2 0, closely 
resembles chrysanthemin chloride in its reac¬ 
tions, but differs greatly from it in solubilities 
in dilute acids. 

Chrysanthemin, isolated by Willstatter and 
Bolton (Annalen, 1916, 412, 136), a mono- 
glucoside of cyanidin, is the pigment of tho deep 
red chrysanthemum ( Chrysanthemum indicum 
(Linn.)). The chloride CnHgjPuCl, red-violet 
leaflets containing l|II a O, resembles Idain 
chloride in many respects. Picratc, thin red 
prisms, difficultly soluble in water, sinters at 
155° C., melts at 165° C. (decomp.). 

Idsein, the pigment of the cranberry ( Vacci- 
nium vitis ideea (Linn.)), has been isolated by 
Willstatter and Mallison (Annalen, 1915, 408, 
15) j it is a mono-galactoside of cyanidin. The 
chloride 0 al l£ a »0uCl, brown-red prisms con¬ 
taining 2}H a O, melts at 210° C. (frothing), j 
Easily soluble in water or alcohol, almost j 
insoluble in dilute llt’l; ferric chloride gy-'cs a J 
blue colour in alcohol, a violet in water. It is | 
optically active, W. and M. give : [a] 0 = —219° 
(±15°). Picrafe, red needles, more soluble in | 
hot than in cold water. Sulphatr, brown rhombic 
crystals from 7 p.c. sulphuric acid. 

Peonin, a diglucoside of peonidin, the pig- ! 
raent of tho deep violet-red peony, has been 
isolated by Willstatter and Nolan (Annalen, 
1915, 408, 136). The chloride G a BH„0,*Cl, 
red-brown medles containing 511 2 0, m.p. 
165° C.; for complete drying it)0° 0. in high 
vaouum is necessary. Very easily soluble in 
water, easily soluble in alcohol, insoluble in 
acetone; it resembles cyanin in many reactions, 
but ferric chloride gives no characteristic 
reaction. It is optically active. W. and N. give, i 
for white light, [a]= —191° (±5°). Picrale, 
red-brown needles, from water. 

3. Derivatives of Delphinidin. 

Delphlnin, the pigment of the purple wild 
delphinium ( Delphinium consolida (Linn )), has 
been isolated by Willstatter and Mieg (Annalen, 
1915, 408, 61), and is a complex derivative of 
delphinidin. Unlike all other known anthocyan 
pigments, it does not appear to form a pseudo- \ 
baso when its non Lai aqueous solution is allowed 
to stand, or is warmed.* Although the free 
oolour base can be isolated by fractional pre¬ 
cipitation witli alcohol, the compound is Jest 
isolated as the chloride C 4l H 39 O al Cl, which 
appears to crystallise with 12 mols. of water, 
of which, however, only 10 can be removed 
even by drying in high vacuum at 130° C. It 
forms deep-red pnsmatic tablets or prisms, and 
dried as above sinters at 150 o -160° C., th< n 
melts at' 200*-203° U. (decomp, and swelling). 
Easily soluble in methyl alcohol, difficultly 
soluble in ethyl alcohol, in dilute HC1 (over 
0‘5 p.o.), or m dilute sulphurio acid; water 
rapidly produces the colour base; ferric chlorido 
gives a Blue colouration in aqueous or alcoholio 
solution; sodium oarbonate, to an acid solution, 


gives a fine blue. The salt is optically active, 
W. and’M. give [a] 0 =-13G4° (±150°); [o] 6u -= 
—2273° (±150°); its absorption spectrum 
consists of one broad band. When hydrolysed 
it yields delphinidin chloride (1 mol.), glucose 
(2 mols.), and p-oxy-benzoic aci<k (2 mols.). 
Colour base, produced by the action of wator 
on tho chloride, and recrystallised from dilute 
alcohol by slow increase in tho concentration of 
tho alcohol, forms rosettes of violet needles. 
Picrale, red-brown flooculent precipitate, very 
difficultly soluble in wator. 

Violanin, isolated by Willstatter and Weil 
(Annalen, 1916, 412, 178) from the blue-black 
pansy, and by Everest (Hoy. Soo. Proc. 1918, 
B, 90, 251) from tho purple-black viola, is a 
rhanmo-glucosido of dolphmjdin. The chloride, 
probably C a7 H 31 0, 6 Ul, forms deep rod hexagonal 
or tetrahedral plates or tablets containing abofit 
16 p.c. of water. Its solubility in aqueous HOI 
decreases up to ca. 12 p.c. HOI, but increases 
again after ca. 20 p.c. H01 is reached ; it is almost 
insoluble in dilute sulphuric ac id ; with soda an 
acid solution gives a blue colour ; ferric chloride 
gives pure blue m alcohol, or in water. Hydro¬ 
lysis yields delphinidin chloride, glucose, and 
riiamnoso in approximately molecular propor¬ 
tions. Pic talc, cherry-red needles, fairly soluble 
in water. 

Ampelopsin, the pigment of tho berries of 
Ampclopsi/i < jtnnquefolta (Miehx.), Vitis hedc- 
racen (Ehrh.), has been isolated by Willstatter 
and Zollinger (l.c.) ; it is a mono-glucoside of 
ampelopsuhn. Tho chloride- C 22 U 23 0 12 C1 crys¬ 
tallises in prisms containing 4H a O; easily 
soluble in methyl or ethyl alcohol; sodium 
carbonate gives violet, caustio soda a blue 
colouration when added to qn acid solution; 
ferric chloride only produces a weak reaction. 

Myrttllin, tho” pigment of the bilberiy 
(Vaccmium myrhUas (Linn.)), lias received at¬ 
tention from earlier workers -cf. Andree (Arch. 
Pharm. 1879, 13, 90), Hoiso (l.c.), and others— 
but its isolation is duo to Willstattor and Zollin¬ 
ger (Annalen, 1915,408, 83 ; and 1916,412,205). 
It is a mono-glucoside c* myrtillidin. Tho 
cldjudc C a3 ll,j0 l2 01, forms red brown tablets 
containing 4H a O, which is only lest completely 
in high vacuum at 105° C. it is very soluble 
in water, or methyl alcohol, but less soluble in 
ethyl alcohol. Ferric chloride gives a blue in 
alcohol, violet in water; sodium carbonate 
produces blue-violet, caustic soda blue when 
added to an acid solution. Its absorption 
spectrum shows one band with ill-defined edges. 
Picrale, red needles, difficultly soluble in water. 

Althein, the pigment of the black hollvhock 
(Alihaia rosea (Oav.)), has been isolated and 
described by Willstatter and Martin (Annalen, 
1915, 408, 100; cf. Polyt. Zentralbit. 1860, 
1540; Gian, l.c. ; and Grafe, l.c.). The chloride 
Cj.Tf^OiaCl which crystallises in brown-red 
prisms containing 4H a O, is easily soluble in water, 
diluto HCl, dilute sulphuric acid, or in methyl 
or ethyl alcohol, but almost insoluble in glacial 
acetic acid; ferrio chloride gives a violet-blue 
colour in alcohol, and violet in water; sodium 
carbonate produces a blue colour when added 
to an acid solutidn. It is optically active. W. 
and M. give 655°; [a 0 ]=—545°; 

[a]#fla=—291°. f The picrate is crystalline and 
difficultly soluble. 
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Petunln, the colouring matter of the purple- 
blue petunia ‘ Karlsruher Rathaus,’ was isolated 
by Willstatter and Burdick (Annalen, 1016, 412, 
217); it is a diglucoside of petunidin. The 
chloride C a 8H 38 0 17 Cl crystallises in prisms con¬ 
taining 2fI a O, which sinter at 165° (3. and melt 
at 178° (J.* It is difficultly soluble m dilute 
UC1, fairiy solublo in dilute sulphuric acid, 
oasily soluble in methyl, but less so in ethyl 
alcohol; ferric chloride gives a poor blue colour 
in alcohol, or m water; sodium carbonate turns 
an acid solution blue. 

The anthocyanin from tho skins of the berries 
of Vitis riparia is a mono-glucoside of a del pin- 
nidin mono-methyl ether, but, though obtained 
in a finely crystalline condition by Willstatter 
and Zollinger (l.c.), it has not yet been com¬ 
pletely investigated* 

. Malvin, isolated by Willstatter and Mieg 
(Annalen, 1915, 408, 122) from the fioweis of the 
wild mallow (Malva .srircdrii, (Linn )), is a diglu¬ 
coside of malvidm. Tho chloride (.! 2# II 35 0 17 CI 
forms long red prisms, or bundles of needles, 
containing 8H a O, all of which is lost at room 
temperature in vacuum desiccator. Difficultly 
solublo in dilute hi Cl, or dilute sulphuric acid 
it is easily soluble in methyl alcohol, but less so 
in ethyl alcohol. It gives no ferric chloride 
reaction; sodium carbonate turns an acid 
solution bluo. Viaate, red needles, fairly soluble 
in water. 

Oenin, the pigment of black grapes, and of 
red wine, has been the subject of many investiga¬ 
tions from the time of Berzelius (1837), but 
Willstatter and Zollinger (Annalen, 1910, 412, 
198) first isolated and described this substance, 
which is a mono-glucoside of ocnidin. The 
chloride C a8 H 26 0, 2 Cl, deep red prisms containing 
4 or GH a O, is easily soluble in water, fairly 
soluble in dilute HOI, easily solublo iu dilute sul¬ 
phuric acid, fairly solublo in ethyl, and more so 
in methyl alcohol. With ferric chloride it gives 
no colouration ; with sodium carbonate an acid 
solution becomes blue. It is optically active, and 
W. and Z. give fa] 627 =—542° (±60°); and 
Mo—421° (±30°); its absorption spectrum 
shows one band. Picrate , bundles of carmine- 
red needles, difficultly soluble in cold water, 
easily soluble in hot. 

The colour reaction with alum, described by 
Willstatter and collaborate! s for many of the 
pigments of this series, is due to traces of iron 
in the reagent (A. E. Everest, Proe. Roy. Soc. 
1918, B. 90, 200). 

Dyeing Properties of the Anthooyans. 

The anthocyanins and anthocyanidins are 
capable of dyemg not only on mordanted wool, 
but also on tannined cotton, and indeed some 
are described by Willstatter as capable of dyeing 
unmordanted wool. 

Tho shades obtained vary from rose to 
violet and blue, and are fast to light, but very 
unstable to most reagents, and, owing to pseudo¬ 
base formation, even to water. 

The substances prepared by Watson, and 
mentioned above, resemble the natural antho- 
iA tinctorial properties, ihough some of | 
show very muoh greater fastness, and in j 
tJfia respect approach the requirements of' 
technical practice. t 


Everest and Hall (private communication) 
have confirmed the fact that the affinity of the 
anthoevans for tin-mordanted wool is connected 
with the phenolic OH groups present in them. 
They have also shown that their affinity for 
tannined cotton is independent of these groups, 
but dependent upon the presence of the jiyiylium 
ring. Thus the < om pound: 

Cl 

j 

O, 

< '• » 

H 

which is the parent of all the anthocyanidins, 
has no affinity for tin-mordanted wool, but 
readily dyes tannined cotton. On the other 
hand the compound from which the above 
substance is formed by closing the pyrylium 
ring 



has nC dvem" properties 

Further observations have also shown that 
tho compounds which Watson described as 
dyeing tm-iriordanted wool also fall into line in 
respect of tannined cotton, which they dye very 
readily. 

It is no' at all impossible that a new series 
of technically useful (olours for tannined cotton 
may result from further research in 1 his field. 

For fuller details the original papers, or 
Tho Natural Organic Colouring Matters, Perkin 
and Everest (Series of Monographs, Longmans), 
should be consulted. A. E. E. 

ANTHOKIRRIN. Tho yellow crystalline 
matter of the flowers of the yellow toadflax 
(Linaria vulgaris). Formerly used as a dyeing 
material, but the colour is not permanent. 

ANTHOKYAN. Tho expressed juice of tho 
sweot or purple violet ( Viola odorata), gently 
heated to 89*, then skimmed, cooled, and 
filtered. A little rectified spirit is then added, 
and the following day the whole is again filtered. 
Used to make syrup of violots, and to colour and 
flavour liqueurs. 

ANTHOPHACIN. A term given by Mobius 
(Chem. Zentr. 1901, i. 190) to the brown colouring 
matter of flowers. 

ANTHRACENE C i4 H, 0 . Discovered by Dumas 
and Laurent in the highest boiling portion of 
coal tar, and termed by them paranaphthalene 
(AiAialen, 5, 10); further examined by Laurent, 
who ro-namod it anthracene (Annalen, 34, 287); 
first obtained pure, and its composition deter¬ 
mined, by Fritzscho (Annalen, 109, 249), and 
more exactly studiod by Anderson (Annalen, 
122, 294 ; Chem. Soc. Trans. 15, 44). 

Occurrence .—Anthracene is one of the pro¬ 
ducts of tho destructive distillation of coal, and 
is found m the tar; the average yield of the 
pure hydrocarbon is about 0*3 p.c. of the tar 
obtained. 

A new source of anthracene has been an¬ 
nounced (Dingl. poly. J. 246, 429) in the tar 
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obtained wtan the residue, left after the illumi¬ 
nating oils nave been distilled from Baku petro¬ 
leum, is allowed to fall on pumice in rod-hot iron 
retorts. 1000 kilos of naphtha residue under 
these conditions yield 500 c.m. of gas, used to 
heat the retorts, and 300 kilos, of tar, containing 
about 0'2 p.c. of pure anthracene. The supply 
of the naphtha residue is, howover, too limited 
to render anthracene from this source a serious 
competitor with that from coal tar. 

According to Elliott (Amer. Chem. J. 0, 
248), the tar obtained in tho manufacture of 
gas by tho destructive distillation of light 
petroleum naphtha boiling below 150° contains 
2-G3-2-90 p.c. of anthracene. A remarkable 
production of anthracene, during the distillation 
of tho higher-boilmg portions of crude phenol, 
has been observed by Kohler (Her. 18, 859). 

Anthracene is obtained by the distillation 
of rhem with zinc-dust (Oesterlo and Tesza, 
Arch. Pharm. 1908, 432); but this pioduetion 
is of no commercial value. 

Preparation (Auerbach, Dan Anthracen und 
seine Derivate; Kopp, J. 1878, 1187; Perkin, 
Journ. Soc. Arts. 27, 672 ; Lunge, Coal Tar and 
Ammonia).—Anthracene is obtainod from the 
1 green grease ’ which forms the Iasi- portion of 
the ‘ heavy oil ’ or ‘ dead oil * of tho tar distiller; 
this at first is greenish-yellow m colour, but 
turns more bro wn by tho actfon of the air, and 
becomes semi-solid on standing, owing to the 
separation of solid substances. It contains, 
amongst other substances, naphthalene, methyl 
naphthalene, anthracene, methyl anthracene 
phenanthrene, eliryseno, carbazol, and acudino. 
together with hydrides of anthracene and 
phenanthreno and other high-boiling liquids. 
When no further separation occurs, the mass is 
subjected to filtration, either in a centrifugal 
machine or a filter press, first in the cold and 
finally at 40° (dessert, Dingl. poly. J. 19(5, 543); 
or is filtered through strong linen bags, and 
afterwards submitted to hydraulic pressure in a 
press so arranged that the plates can be heated 
with steam and the cake hot-pressed. A 
notable quantity of anthracene remains dis¬ 
solved in the expressed oil, and especially in 
the portions separated when the temperature is 
raised, and is recovered by redistilling and 
working up the product as just described. Tho 
hard yellowish-green cake obtained, containing 
25-40 p.c. of pure anthracene, is ground to a 
fine powder in mills and heated with coal-tar 
naphtha (b.p. 80°-I00°), solvent naphtha (b.p. 
120°-190°), creosote oil, or petroleum spirit 
(b.p. 70°-100°), in large iron vessels provided 
with stirrers. Petroleum spirit is to bo pre¬ 
ferred (Perkin), since it dissolves less anthracene 
whilst the impurities aro sufficiently soluble 
in it to be removed if the quantity of solvent 
employed is 2-3 times as great as that of the 
anthraoene to bo purified. Solvent naphtha, 
consisting essentially of xylenes, pseudo-cumene 
and mesitylene, is extensively employed, as 
phenanthrene is much more soluble than anthra¬ 
cene in this solvent. It does not, however, 
remove the carbazole, which is usually present 
to the extent of 14-18 p.c. When creosote 
oil is UBed, it must be free from naphthalene; 
the advantage of using creosote oil is that 
it dissolves out the methyl anthracene, the 
anthracene being practically insoluble therein. 
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The residue contains from 45-50 p.o. of the 
hydrocarbon, but inasmuch as it is not readily 
reduced to powder, and unless finely divided 
is only slowly attacked by oxidising agents, it 
is sublimed by passing steam, heated at 220°- 
240°, over tho melted product, and^condensing 
tho vapours in a chamber by jets of water. 
The anthraceno thus obtained is in leafy masses, 
containing from 50-60 p.c. of the hydrocarbon, 
tho chief impurities consisting of carbazole 
(10-12 p.c.), phenanthrene, pyrene, chrysene, 
and oilier hydrocarbons, together with Bmall 
quantities of phenols of high boilfng-point, and 
of acridine ; it can readily bo ground to a paste, 
and is now sufficiently pure for conversion into 
anthraqumono by oxidation. If, howover, 
dichloraiithrace.no is required, further purifica¬ 
tion is necessary; this can bo effected by 
distillation with caustic potash, whereby im¬ 
purities such as carbazole and bodies of a 
phenolic character are retamed, and anthraceno, 
together with phenanthrene, distils over with 
no greater loss than occurs if the 60 p.c. product 
is distilled alone; caustic soda cannot be sub¬ 
stituted for the potash, since it produces no 
purification of any consequence. Instead of 
distilling washed anthracene, (100 parts) with 
eaustio potash, Perkm employs a mixture of 
Montreal potash (30 parts), winch usually 
contains potassium hydroxide in considerable 
quantities, and caustic lnno (6 paits). Unless 
lime is used, the residuo m the retorts forms a 
haul cake, which can bo removed only with 
difficulty. Hydrogen is evolved during the 
distillation. The distillate is freed from phen¬ 
anthrene by washing with coal-tar naphtha, and 
the residue is a very puio anthraceno. This 
production of phenantlnene, even from anthra¬ 
cene which has been fieed from this impurity by 
extraction with solvents previous to distillation 
with caustic potash, is noteworthy and points to 
tho probable existence of molecular compounds 
of phenantlirene with other of the impurities of 
tho washed anthracene, which are destroyed 
during the distillation with caustic potash. This 
process of Pei kill has been •.ubjectcd to con¬ 
siderable criticism. According to Auerbach, a 
loss of anthracene to the extent of 10 p.c. occurs, 
and this, added to the cost of fuel employed, 
renders it the most costly method of purification 
yet do vised. The great advantage of the 
method, however, is that it brings anthracenes 
of different origins to a similar condition of 
purity; even pitch anthracene—obtained by 
the distillation of gas-tar pitch in iron retorts 
with tho aid of super-heated steam, and generally 
unsuitable for purification owing to the difficulty 
of removing higher hydrocarbons associated 
with it—works perfectly well after it has been 
subjected to this process. 

Many modifications in the method of puri¬ 
fying eiudo anthraceno have been introduced. 
A method based on the far greater solubility 
of the impurities in mixtures of aniline, pyridine, 
or quinoline bases, lias been patented by the 
Chcmisoho Eabriks-Actiengesellschaft in Ham¬ 
burg (D. R. P. 42053 of April 15, 1887). The 
crude anthracene is dissolved at 100° «in 1A—2 
times its weight 54 a dehydrated and rectified 
mixture of tar bases (pyridinea) soparated from 
the light oil obtained in tar distillation (compare 
D. R. P. 34947 aftd 30372), and the solution, 
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on cooling, yields & crystalline separation of 
anthracene almost free from carbazolo and its 
homologuea. The patentees state that a 33 p.c. 
anthracene dissolved in 1-75 times its weight 
of pyridinb bases yields on crystallisation an 
82-5 p.c. uithraccne, whilst when dissolved 
in twice its weight of a mixture of equal parts 
of pyridine bases and benzene, it yields an 
80 p.c. anthracene, and in twice its weight of a 
mixture of equal parts of benzene and aniline a 
75 p.c. anthracene. The recovery of the an* 
thraoene contained in the mother liquors offers 
no Rpecial difficulty. 

Reiny and Erhart (D. R. P. 38417 of Jan. 19, 
1886) have proposed crystallisation from oleic 
acid as a means of purification of crude anthra¬ 
cene. The difficulty of recovering the anthra¬ 
cene contained in the mother liquors would seem, 
however, to deprive this method of technical 
importance. 

Graham (Chem. Nows, 33, 99, 168) has 
devised a method for recovering anthracene 
from tho filtered oils used in its purification. 

The Farbenfabriken vorm. Friedr. Baeyer & 
Co. (D. R. P. 68471; Eng. Pat. 5539; J. Soe. 
Chora. Xnd. 1893, 439) employ liquid sblphur 
dioxide, which dissolves the impurities of crudo 
anthracene, but very little anthracene itself. 
000 kilos, crude anthracene is mixed in a wrought 
iron agitator with 2400 kilos, liquid sulphur 
dioxide, first exhausting the air and then allowing 
the sulphur dioxide to enter. Tho reaotion 
having ceased, tho mass is forced by its own 
vapour pressure into an iron steam-jacketed, 
filtering tower, where anthracene of 70-80 p.c. 
remains behind. The mother liquor is distilled, 
the sulphur dioxide being collected and recon- 
densod by means of an air-corn pressor. 

Another patent of tho same firm (D. R. P. 
?8861; Eng. Pat. 7862; J. Soc. Chon), lnd. 
1895, 361) recommends the use of acetone or 
other fatty ketones as a purifvmg agent. 
560 kilos, crude anthracene is stirred in a steam- 
jaoketed cylinder with 750 kilos, acetone for an 
hour. After cooling the separated anthracene 
is filtered and washed with 375 kilos, acetone. 
The second liquor is used over again, and the 
first is distilled to recover tho acetone. From 
orude stuff containing 34 or 35 p.c. anthracene, 
an article of 82 p.c. is easily made, and only a few 
per cent, anthraceno remain in tho residue after 
distilling off the acetone. The acetone may be 
used in the form of 1 raw acetone * or ‘ acetone 
oils.’ 

Welton (Eng. Pat. 27559; D. R. P. 113291 ; 
-J. Soc. Chcm. Ind. 1900, 139) purifies crude 
anthracene by means of liquid (anhydrous) 
ammonia, which dissolves out most of the 
impurities, but not tho anthracene itself. 

Luyten and Blumer (Eng. Pat. 14892; 
D. R. P. 141186; J. Soc. Chem. Ind. 1901, 796) 
state that when anthracene is purified by 
solvents such as naphtha, acetone, &c., the 
presence of tar oil in the crude anthracene is 
beneficial. 25 parts of drained crude anthra¬ 
cene are heated with 35 parts of naphtha until 
t the temperature is “near that of the solvent. 
On cooling, the anthracene crystallises out and 
is filtered and washed with a USttle of the solvent. 
It is dried by heating to fusion, and distilling 
off the solvent; 80 p.c. anthracene is obtained 
by this method. * 


The Aktien Gescllaobaft fur Tha*r und Erdol 
Industrie (D. R. P. 111359; Eng. Pat. 78G8 ; 
J. Soc. Chem. Ind. 1899, 750) heat crude 
anthracene to fusion, and allow it to cool until 
50 p.c. has crystallised, when the mother liquor 
is run off and again allowed to crystallise. Tho 
second crop can bo raised to the value of tho 
first (45-50 p.c.) by another fusion. This 
product is again fused and treated with oaustic 
potash lyo (50 p.c.) in quantity sufficient to 
react with tho carbazolo present. When the 
reaction is complete, tho mass separates into two 
layers, the lower part being potassium carbazolo. 
The upper anthracene layer is run into its own 
volume of 90’s benzol, which dissolves any 
phenanthrene. The anthracene is pressed or 
centrifuged, and again washed with tho same 
folvent, and is obtained as a pale-brown powder. 
By thus means 30 p.c. anthracene is raised to 
90 p.c. (v. also Scholvien, Fr. Pat. 335013; 
J. Foe. Chem. Ind. 1904,113). 

The Alvticn Gcselbchaft fur Anilinfabrik 
(I). R. P. 178764; J Soc. Chem. Ind. *1907, 
1193) add potassium hydroxide to the melted 
crude anthraceno, which is then distilled in 
vacud, tho anthracene distilling over being 
passed into some solvent in which it is soluble 
at the temperature of the reaction, and from 
whiqh it crystal)iseg on cooling. It is stated tha t 
95-96 p.c. of the anthracene is recovered as a 
product containing 95-98 p.c. of pure 
anthracene. 

Wirth (Eng. Pat. 14462 ; J. Soc. Chom. Ind. 
1901, 464) separates the carbazole by means of 
its easily soluble nitroso- compound. Crude 
anthracene is mixed in a vessel provided with a 
stirrer with light coal-tar oil and sodium nitrite. 
Dilute sulphuric acid is added gradually, and the 
sodium sulphate which is formed is dissolved in 
water and separated from tho light-oil layer. 
The anthracene is filtered from the light coal- 
tar oil, washed with benzene, and dried. It 
contains 75-95 p.c. anthracene, according to 
quality of the crude material. 

Catchpole (Eng. Pat. 10641 ; D. R. P. 
164508; J. Soc. Chem. Ind. 1903, 1190) places 
tho crudo product in the form of blocks or slabs 
on a perforated or channelled surface in a 
chamber suitably heated to a temperature not 
exceeding 200°, whereby the impurities are 
1 sweated 5 out. A slight washing with acid 
and distillation complete the process. 

Vesely and Votocck (Eng. Pat. 27596; 

! J. Soc. Chem. Ind. 1905, 191) find that concen¬ 
trated sulphuric acid extracts the whole of the 
basio impurities of anthracene from a solution 
of crude anthracene in a solvent immiscible 
with sulphuric acid. The most suitable solvents 
are mineral and coal-tar oils, but carbon disul- 
pfSide and chloroform may be used; 100 parts 
of crude anthraceno (35 p.o.) are dissolved in 
300 parts of solvent naphtha, 100 parts of 
concentrated sulphuric acid are added, and the 
mixture is heated and at the same time vigo¬ 
rously agitated for a few minutes. The sulphuric 
ac:d having been drawn off, the solution is 
freed from acid by agitation with calcium 
carbonate, filtered, and tnen allowed to crystal¬ 
lise. By this process it is stated to be possible 
to obtain an 85-90 p.c. anthracene, perfectly 
free from carbazole. 

A troublesome impurity in anthracene is 
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a peculiar paraffin, whioh has a high melting- 
point, and is only sparingly soluble either in 
light petroleum or coal-tar naphtha; it is dis¬ 
solved to a certain extent by these solvents 
when hot, but on cooling is almost entirely 
deposited again. A small quantity left m the 
anthracene frequently impedes succeeding opera¬ 
tions, and, owing to its stability, passes through 
most of the processes without change. 

Syntheses .—From orthotolylketone, by heat¬ 
ing with zinc-dust (Behr and Van Dorp, Bor. 7, 
17); from orfchobromobenzylbromide, by the 
action of sodium (Jackson and White, Ber. 12, 
1965); from a mixture of benzene, acetylene 
tetrabromide, and aluminium chloride (Anschutz, 
Annalen, 235, 156); from benzene and alu¬ 
minium chlorido under the influence of nickel 
carbonyl at 100° (Dewar and Jones, Cliem. Soc. 
Trans. 1904, 213); and by treating pentachlor- 
ethane in benzene with aluminium chloride, 
when anthracene is formed through the inter¬ 
mediate formation of pcrehlorethyJcne (Mounoy- 
rat, Bull. Soc. chirn. 19, [3] 557). An interest¬ 
ing synthesis resulting in the production of 
methyl anthracene (m.p. 200°) is that of Kraemer 
and Spilker (Ber 1890, 3174). By the inter¬ 
action of xylene and cinnamene, phcnyltolyl- 
peritano is formed, which when passed I hrougli 
a red-hot tube forms methylanlliracuio (*n.p. 
207°), hydrogen and methane being evolved. 
This synthetical production of methyl anthracene 
is of importance' in its relation to the present 
theories of the mode of formation of anthracene 
in eoal tar. 

The following syntheses in the anthracene 
group have been earned out in recent years. 
Mineral acids convert homopiperonyl and homo- 
veratryl alcohols into derivatives of 2.3.6.7.- 
tetrahydroxy-9 19-dihydroanthraccne 


, /\och, 

Oil., 


2H 2 0 + CH * U f Y I Y CIT = 
- Y / UU113 

CH, 


the tetramethoxy compound being obtained in 
quantitative yield by the condensation of 
veratrole with formaldehyde in the presence of 
60 p.c. sulphuiic acid (Robinson, Chem. Soc. 
Trans. 107, 267). Magnesium phenyl bromide 
reacts with ortho-pblhalaldehydic acid in boiling 
aniaole solution to produce ortho-a-benzhydryl 
benzhydrol H 0" Gfe (C JID" C 6 H«• C (C 4 H 6 ) a " O H, 
and this, when boiled with hydrobromic acid, 
is converted into 9.10-diphenylanthraeene (Sim®- 
nis and Remmert, Ber. 48, 406). Purpurin 
(1.2.4-trihydroxyanthraquinone) may be synthe¬ 
sised by condensing phthalio anhydride with hy- 
droxyquinol, whilst By using 4-hydroxy-phfchalio 
anhydride, hydroxyiiavopurpurin (1.2*4.6-tetra- 
hydroxyantliraquino ie), identical with the oxi¬ 
dation product of flavopurpurin, is obtained 
(Dimroth and Fick, Annalen, 411, 315). 

Properties .—Anthracene crystaliisos in glis¬ 
tening white scales. It melts at 213°, and boils 
at 360° (Ullmann, Enzykl). When pure 
it shows a bluish-violet fluoresoenoe, but this 
iB concealed if small quantities of yellow im* 


? unties i (Fritzsohe’s chrysogen) are present. 

ellow-coloured anlhraoene, on exposure to 
sunlight, is bleached, and becomes fluorescent, 
but under these conditions the hydrocarbon 
undergoes conversion into paranthracene 
(C J4 H 10 ) 2 —a peculiar modification,* which is 
much less soluble than anthracene, is unattaoked 
by bromine and nitric acid at 100°, and does 
not combine with picrio acid; it melts at 244°, 
and is thereby converted into ordinary anthra¬ 
cene (Fntzschc, J. pr. Chem. 101, 333 ; Gracbe 
and Liobermann, Annalen, Suppl. 7, 204 ; 
Schmidt, J. pr. Chem |2j 9, 248). According to 
Luther and Wcigert (Oh. Ztrbl. 1904, ii. 117; 
1905, i. 1152), anthracene in tho solid state, as 
well as in solution, yields para-anthracene. The 
fluorescence of anthracene and certain of its 
derivatives has been referred by Liebermann t? 
a particular molecular grouping (Ber. 13, 913). 
Meyer (Zeitseh, physikal. Chem. 1897, 468) 
attributes fluorescence to tho presence of wliat 
are known as fluorphoric groups, which must 
be situated between two heavy atomic groups, 
usually benzene nuclei. For a discussion of tho 
cause of fluoresceneo in anthracene, see Steven¬ 
son (J. Physiol. Chem. 1911, 15, 845). The 
solubility of anthracene in 100 parts of various 
solvents has been determined by Versmann 
(Jahresbericht. 1874, 423), Perkin (Journ. Soc. 
Aits, 27, 598 : v. Bceclii, Bar. 12, 1978), Findlay 
(Chem. Soc. Trans. 1902,1221) with tho following 
results :— 


Parts of anthracene 

Alcohol (absolute at 16° dissolves 0-076 (B.). 


b.p. 

sp gr.~0’800 at 15° 
„ — 0'826 „ 

, - 0*830 „ 
-0-835 „ 

„ =.-0 840 „ 

„ =0850 „ 
Ether . . „ 

Chloroform . „ 
Carbon disulplude „ 
Acetic acid . „ 
Light petroleum 


0-830 (B.). 
0*591 (V.). 
0-574 (V.). 
0-491 (V.). 
0-475 (V.). 
0-460 (V.). 
0-423 (V.). 
1-175 (V.). 
1-736 (V.). 
1-478 (V.). 
0-444 (V.). 
0-394 (V.). 


b p. 70°-100° 
at 15° dissolves 0-115 (P.), 
Benzene . . „ ,, D29G(F.). 

„ b.p. 80°-100%, „ 0-976 (P.). 

Toluene . . at 16 5° „ 0'920 (B.). 

„ . . at b.p. „ 12*040 (B.). 


According to Hildebrand, Eliefson, and Beebe 
(J. Amer. Chem. Soc. 1917, 39, 2301), the 
solubilities of anthracene at 25°, in grams per 
100 grams of the solvents, are as follows :— 


Alcohol .... 0328 
Benzene . . . - 1 *86 

Carbon disulphide . . . 2'58 

Carbon tetrachloride . . 0-732 

Ether „ . . I’42 

Hexane „ . . 0"37 


When introduced into an alcoholic solution 
of picric acid saturated at 30 u -40°, anthracene 
forms a picrate Ci 4 H 10 ,C c Ji 3 (NO. ! ) ? O, crystal¬ 
lising in glistening red needles which melt at 
138°; it is decomposed into its conititftents by 
alcohol, water, ana dilute alkalis, even in the 
cold. The formation of the picrate is best 
obtained by warming molecular quantities of 
anthraoene and picric aoid on the water-bath in 
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chloroform solution. On oxidation lyith po¬ 
tassium dichroruato or manganese dioxide and 
sulphurio acid, anthracene ia converted into 
anthraquinone, whilst strong nitrio acid oxidises 
it to anthraquinone and dinitroanthraquinone; 
nitro- derivatives of anthraceno can, however, 
be prepared by the action of strong nitrio acid 
on the hydrocarbon, if care is taken to decompose 
any nitrous acid which may be formed during 
the reaction (Perkin, Chem. Soc. Proc. 1881), 13). 
Electrolytic oxidation m acetone yields anthra¬ 
quinone (Fontana and Perkin, Chem. Zentr. 

1904, ii. 708J; the same product results by the 
electrolytic oxidation of a suspension of anthra¬ 
cene in a 2 p.o. solution of cerium sulphate in 
20 p.c. sulphuric acid at 80°-90° (Farb. vorm. 
Meister, Lucius, and Pruning, I). R. P. 152063 : 
Chem. Zentr. 1904, ii. 71); or by the oxidation 
of anthraceno by cerium oxide in sulphuric acid 
(Farb. M. L. & B. ; D. R. P. 15S(>0<); Chem. 
Zentr. 1905, i. 840); or by heating anthracene 
with charcoal at 150°-300° (Dcnnstedt and 
Hassler, I). R. P. 203848; Chem. Zentr 1908. 
ii. 1750). 

Concentrated sulphuric acid converts anthra¬ 
cene into sulphonic acids. Anthracene monu- 
sulphonic acid is obtained by the direct sulphona- i 
tion of anthracene with sulphuric acid of 53° or | 
54°B., and about 60 p.c. of the anthracene 
employed is thus converted. If sulphuric acid 
of 06°B. is used, two isomeric disulphomc acids 
are obtained, and those, on oxidation, yield two 
anthraquinonedisulpkonio acids, which are 
isomeric with tho two aeids obtained by the I 
direct sulphonation of antliraquinone. The 1 
jS-antkracene di3ulphonic acid, after oxidation j 
with chromic or nitrio acids, and subsequent j 
fusion with alkqli, yields alizarin (q.v.), and the 
monosulphonic acid similarly treated yields 
anthrapurpunn (q.v.) (La Soeie'te Anonomyo dos 
Matures Colorantes ct Produits Ohemiques de 
8t. Denis, Jbing. Pat. 1280; J. Soc. Chem. Ind. 
1894, 32). 

Tho same acids are obtained by heating 
anthracene with alkali biBulphate to 140°-150* 
(D. R. P. 77311). Anthracene is readily attacked i 
by chlorine ami bromine, and yields with each i 
element a scries of additive and substitution f 
derivatives; additive compounds, apparently, 
are the first products of the action, ami theso J 
either decompose during the reaction or can be 
decomposed by boiling with alcoholic potash 
into the corresponding substitution derivatives, 
which also form additive compounds by the 
further action of the halogens. Tho ckloranthra- 
cenes are now prepared on a largo soale (Clayton 
Aniline Co.', Eng. Pat. 8744 ; J. Soc. Chem. Ind. 
1906, 64). Dry chlorine reacts with anthracone 
in the presence of lead peroxide at a high | 
temperature. Fifty parts by weight of anthraceno 
an,d 10 parts of dry powdered load poroxide are j 
treated with dry chlorine at 220° until tho 
weight-lias increased to 120 parts. The tempera¬ 
ture, however, may bo varied between 180* and i 
260°, and tho composition of the product vanes 
with the temperature employed and the amount of 
chlorine absorbed. The product consists mainly 
of /3-teteaohloranthracono (m.p. 152*), which 
is readily soluble in benzene tna crystallises out 
in yellow needles, and another part much less 
soluble in benzene and more highly chlorinated. 
This latter consists of two products: hexachlor- 1 


anthracene (m.p. 277°), which crystallises from 
nitrobenzene, .and hoptachloranthracene (m.p. 
232°), which is moro soluble in benzene than 
tho former. Oxidation converts these com¬ 
pounds into ohloranthraquinones, containing 
2 atoms of chlorine less than the original com¬ 
pound. Treatment with a mixture of nitrio 
and sulphuric acids results in the formation of 
ehlornitroanthraquinonos which yield dyestuffs 
on treatment with fuming sulphuric acid. Tho 
ohloranthraquinones on treatment with fuming 
sulphuric acid m the presence or absence of boric 
acid, yield hydroxy- compounds; e.g. 1:4 
dieliloranthraquinone yields qumizarin (q.v.) 
(Farb. vorm. F. Baeyer & (Jo., Fr. Fat. 385358 ; 
J. Soc. (Jhem. lud. I9U8, 557). Reducing agents, 
such as sodium amalgam or phosphorus and 
hydrogen iodide, convert anthracone into the 
dihydride (Craobe and Liebermann, l.c .; Liebor- 
mann and Topf., Annalen, 212, 5); hydrogen 
land nickel oxide at 260°~270* and 100-125 
( almos convert anthracene first into tetrahydro-, 
then deeahydto-, and finally perhvdroanthraceno 
(Ipatieff, Jokowloff, and Rakitm, Ber. 1908, 
990). 

K4 1 motion. —Link (Ber. 6, 1347); Meister, 
Lucnn, and Bruiung (l)ingJ. poly. J 224, 559); 
Nieol (Chem. Soc. Trans. 1876, 2, 553); Bassett 
(Chem. News. 73. 178; 79, 157). The per- 
oentage of anthracene in a sample of the com¬ 
mercial pioduct is determined by oxidising it 
to anthraquinone with chromic acid, dissolving 
the product «i sulphuric acid, and precipitating 
with water, since the associated impurities are 
either destroyed (luring the oxidation or are 
converted into sulphonic acids soluble in water. 
The details of the process aie as follows : 1 gram 
of anthracone is introduced with 45 c.c. of acotic 
acid into a flask connected with a reversed 
condenser, and healed to boiling ; a solution of 
15 grains of chromic acid in 10 c.c. of aoetio 
acid and 10 c.c. of water is then added, drop bv 
drop, to the boiling solution during a period of 
2 "hours; and the product is boiled for 2 
hours longer, allowed to stand for > 12 hours, 
then poured into 400 c.c. of water, and, after 
standing for 3 hours longer, is filtered. Tho 
anthraqumono on the filter is washed with 
water, with hot dilute alkali, and thon with hot 
water; afterwards it is placed in a small dish 
dried at 100°, and digested for 10 minutes with 
10 times its weight of pure concentrated sulphurio 
acid at 100°. The solution of antliraquinone 
in sulphuric acid is then allowed to remain tor 
12 hours in a moist atmosphere, mixed with 
200 o.o. of water, and the precipitated antlira¬ 
quinone filtered offeand washed first with water, 
then with ddute alkali, and finally with water ; 
it is then dried at 100° in a dish, weighed, ignited, 
and the ash deducted from the first weighing. 
The difference gives the weight of anthraquinone 
corresponding to the amount of anthracene 
present in the sample. 

Impurities .—Paraffin is usually present in 
crude anthracene, and is. estimated by treating 
the material with fuming nitric acid, keeping 
the mass cold. When all the acid has been 
added, the mixture is kopt at the ordinary 
temperature until the anthracene has dissolved, 
and then heated until the paraffin has melted. 
The solution is filtered and the precipitate washed 
with fuming nitrio acid until the filtrate dis- 
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solves in water without turbidity, and then with 
water until neutral. Finally, the paraffin is 
washed with alcohol, dissolved in warm ether 
and the filtrates collected in a weighed poroelain 
dish; the filtrates are evaporated and the 
paraffin dried at 103° 110° for half an hour 
(Heuslor and Herdc, J. Boo. Ohem. lad 1895, 
828). Kraemer and Spiiker (Muspratt-Bunte, 
vii. 70) use the following method : 10 grams 
finely-powdered anthracene are shaken with 
100 o.o. ether for ton minutes and mixture then 
allowed to settle. 30 c.c of the clear solution 
are then evaporated and the residue dried at 
100° for half an hour. After cooling, the residue 
13 finely ground, 8 c.c. fuming sulphuric acid 
(20 p.c. SO,) added, well mixed, and tlie whole 
heated to 100' J for three hours, with frequent 
stirring. Contents of dish are then washed by 
means of BOO c e. hot water into a beaker, 
filtered through a dry filter and the whole 
washed witli cold water. Until filtrate is free 
from sulphuric acid. Moisten filter with absolute 
alcohol and wash the paraffin into a weighed 
dish bv means of ether, removing last traces of 
paraffin from the beaker in the samo manner. 
Evaporate ether solutions and diy residue tor 
half an hour at 103” ; and weigh as pure paraffin 
The detection of carbazole and phenanthreno 
in the purified product is carried out, as Job 

l ° W Cathead*. Sample is. extracted in cold 
with cthvl acetal ..olut ion allowed to evaporate, 
and residue transferred by a lew diops of same 
solvent to a watch-glass. On evaporation, 
carbuncle is left behind : when treated with a 
drop of nitrobenzene and pbenanthraquinone 
it yields charade]istio small copper-coloured 

^Phemvithnir Sample '» extracted with 
benzene, and the evaporation residue treated 
with «-dmitmphenantliraqmnone in nitroben¬ 
zene In tins ease mixed crystals are ob¬ 
tained having the form and colour of the 
brown needles of the plienanthrene com¬ 
pound, but. emiuumng a large quantity of 

“‘anthracene acid brown, -chrome 

BLACK, -RED, -YELLOW ti. Azo- colottkino 

MA ANTHRACENE GREEN. Caruleln and Corn. 
Jrfn 8 . (t>. Alizarin and allied colouring 
ma Trans; also Xanthine colouring matters). 
ANTHRACENE VIOLET. <Ml«n(v. Alizarin 

AKD ALLIED COLO I'HI NO MATTIES ; al«0 X A NTH IL S 
COLOURING MATTERS). 

ANTHRACHRYSONE v. Alizarin and allied 

COLOURING MATTE liS. 

ANTHRACITE t>. Fuel. 

ANTHRACITE BLACK n. Ar.o- oolockinu 

MATTERS. 

ANTHRACOXENE v . Resins. 

ANTHRACYL CHROME GREEN v. Azo- 

OOLOURINQ MATTERS- 

ANTHRAFLAVIC ACID v. Alizarin and 

ALLIED COLOURING MATTERS. 

ANTHRAGALLOL v. Alizarin and allied 
COLOURING MATTERS. 

ANTHRAGALLOL DIMETHYL ETHERS 

ti. Chat root. 

ANTHRANIL, ANTHRANILIC ACID (o- 

aminobenwk acid) v. Aminobenzoic acid and 
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0 , 11 /, 


>(OH)\ 


ill 


■C.H, 


is prepared by tlie reduction of anthraquinonc 
with hvdriodio acid and phosphorus (Liobermann 
and Topf, Annalen, 212, 6; Tier. 1876, 1201), 
or with tin and acotic acid (Liehcrraann and 
Girabel, Ber. 1887, 1851). Another method is 
to add copper or aluminium powder to anthra- 
quinone dissolved in concentrated sulphuric 
acid at 30*~40®, and pour the product into water. 
The crude substance is recrystallised from 
glacial acetic acid containing a trace of aluminium 
and a little hydrochloric acid (Baeyer & Co. 
D. R. P. 201542; (Jhem. Zcnti. 1008, ii. 1218* 
Bezdizk and Friedlander, Monnish. 30, 871). 

Tt. is also obtamod when 50 parts of finely 
divided anthraquinonc arc mixed with 10 parts 
of iron and 1000 parts ferrous chloride, and the 
mixture heated to 200° O. or higher, until it 
dissolves in sodium hydroxide solution with a 
yellow colour 'Flic product is then cooled 
and washed with water, the residue dissolved 
in sodium hydroxide solution, and filtered into 
hydrochloric acid (l>. Jt. P. 240121). Anthranol 
has been synthesised by beating I part of 
o-benzylbenzoie acid with 2 parts of sulphuric 
acid at 100 ' (Fischer and Schmidt, Ber. 1804, 
2789). It crystallises in colourless needles, 
m.p. 165°, with decomposition. Tt dissolves in 
alkalis, and then behaves as its tautomeride 
anthrol (q r.); eg. it. condenses with benzal- 
dehydo to form ben/.ilidine anthrol (Haller and 
Padova, Compfc. rend. 141, 857 ; v. also Bad. 
Anil, und Soda Fab. T) R. P. 472030; Fhem. 
Zontr. 100(), ii. 834). By heating the alkaline 
solution of anthranol for some time, it becomes* 
oxidised to anthraqmnone; hydroxylamino 
hydrochloride converts it into anthraquinonc- 
choxime (Nietzki and Kehrmann, Ber. 1887, 
613). Anthranol yields a benzoyl derivative 
(m.p. 164°) with benzoyl chloride in pyridine 
(Padova, Compl. rend. 143, i21 ; Ann. Chim. 
Pliya. [8] 10, 353), and a diiodido with iodine 
in benzene solution (Liebermann, (11awc, and 
Lindenbaum, Ber. 1004, 3337). 

Kurt Meyer (Annalen, 1011, 370, 37) has 
obtained the two desmotropie forms of anthranol, 
namoly, anthrone and anthranol: 

/«< 0 H) V\ 


n /C ° N/ ) 


and 


CH 8 
Anthrone. 



Anthranol. 


The keto-form is prepared by reducing anthra- 
quinone with tin and hydrochloric acid, and 
subsequent precipitation with water. It melts 
at 154°, and is almost completely insoluble in 
cold alkali solutions. On solution in boiling 
dilute sodium hydroxide, rapid cooling and 
precipitation with dilute well-cooled sulphuric 
acid, the yellow anthranol is obtained. It 
melts at about 152°, dissolves readily an most 
solvents, being confuted into anthrone. Solu¬ 
tions of anthranol show a strong fluorescence, 
those of anthrone no fluorescence. Thiele’s 
assumption that tlife high reactivity of phenols 
is due to a change to the keto-type seems to 

lift rnnt.rarHrvt.oH boro fnr in t.ho »hnvA rta.ir nf 



850 ANTHRANOL. 


oompoundfl the hydroxylic form is tho more 
active isomerido. f 

Bromo-anthrone is obtained when bromine is 
added to a cold saturated solution of anthronn 
in CS,. It crystallises in yellow needles, and 
melts at 1^8°. On boiling with aqueous acetone 
it yields oxanthrone, which crystallises in 
colourless needles, melting at 167°. Solutions 
of oxanthrone are colourless and do not fluoresce. 
On boiling with aqueous alkali it passes into the 
desmotropic form anthraquinol, which is also 
formed when anthraquinone is reduped by zinc- 
dust and alkali. It crystallises in brown leaflets, 
which dissolve in solvents with a yellow colour 
and an intense green fluorescence. 



Anthraquinol. Oxanthrone. 


By the oxidation of anthracone m glacial acetio 
acid solution with lead peroxide (1 mol. < u ll u ,; 
1 mol. Pb0 2 ) anthranol acetate is produced, but 
if in the proportions of 1 mol. C, 4 H , 0 ; 2 mols. 
Pb()„ then oxanthrone acetate results. The 
former melts at 127°, and is readily hydrolysod 
to anthranol, the latter melts at 108°-100°. 
Again, by dissolving anthracene in glacial acetic 
acid, pouring into water and passing chlorine, 
oxanthrone is obtained m about 75 p c. yield 
(K. Meyer, l.c.). Oxanthrone is also obtamod 
by the following method (I). R. 1*. 250075), 
3’4 parts of anthracene are dissolved in 200 
parts acetone, and then precipitated by the 
addition of 200 parts ice-cold water. G 4 parts 
of bromine arc added, with continual shaking, 
all goo* into solution, much cold water is added, 
and the oxanthrone is precipitated. It crystal- 
, lises from toluene in long yellowish needles. 

Dianthranol C aK H lK O a is formed, togcthei 
with a little anthraquinone, when anthranol 
dissolved in benzene is exposed to sunlight for 
some weeks, or when the benzene solution is 
boiled for somo hours. It is also obtained b\ 
oxidising anthranol with ferric chloride, in 
lacial acetic acid solution, or (D. It. P. 223200) 
v heating 100 parts anthraquinone, 500 parts 
of water, 50 part* sodium hydroxide, and 50 
parts zinc-dust in an autoclave for six hours at 
160® C. Tho reaction mixture is then precipi¬ 
tated by the addition of acid, and recrystalliscd 
from methyl alcohol. On oxidation with potas 
Sium permanganate ityields di anthrone C 2 „H, „0 ,, 
a yellow crystalline solid which blackens at 
300° C. Dianthranol crystallises in colourless 
tabular crystals (m.p. 250°) (Omdorff and Bliss, 
Amor. Chem. J. 1896, 453; Omdorff and 
Cameron, Amer. Chem. J. 1895, 658). 

ANTHRANOLS of CHRYSOPHANIC ACID 
a*d EMOMN METHYL ETHER v. Cheysaeobin. 

AMTHRAPURPURIH v. Alizarin and allied 

OOLOUSING MATTERS. 

ANTHRAQUINONE 

Obtained by the oxidation of anthracene with 
ohromio aoid (Kopp, Jahresbericht, 1878, 1188; 
LaurenJ, Ann. Chim. Phys. [2] 60, 220 ; 72,415 ; 
Annalen, 34, 287; Anderson, Annalen, 122, 
301 : Qraebe and Licbermaiin, Annalen, Spl. 7, 
285); by the distillation of oaloium benzoate 
(Kekule and Franchimont,' Ber. 1872, 908); 


by the distillation of benzoic aoid with 
phosphorus pentoxide; by the distillation «f 
o-benzoylbenzoic acid with phosphorus pentoxid#, 
or by heating it alone (Uflmann, Annalen, 291 1 
24; Behr and Dorp, Ber. 1874, 578 ; Lieber 
mann, Ber. 1874, 805; Perkin, Chem. Soc 
Trans. 1891, 1012): by the dry distillation o 
calcium phthnlnte (Panaotovits, Ber. 1884, 13) 
Heller (Zeitsch. angew. Chem. 1906, 19, 669 
heats 1 part of phthalic anhydride with 3-5 part, 
of benzene and 1-8 parts o! aluminium chloride 
in a lead vessel at 70* until the evolution of 
hydrogen chloride ceases. After cooling, water 
is added and the excess of benzeno removed by 
steam distillation. The solution is made 
alkaline and boiled, and then on addition of 
acid benzoyl benzoic acid is precipitated. On 
heating this for one hour at 150°, anthraquinone 
is obtained (cf. Piccard, Ber. 1874, 1785; 
Friedel and Crafts, Ann. Chim. Phys. [6] 1, 523 ; 
Mliller, J. 1863, 293). Phenyl-o-tolyl ketone 
gives anthraquinone on heating with lead oxide 
or on oxidation with manganese dioxide and 
sulphuric acid {Behr and Dorp, Ber. 1873, 754; 
1874, 16 ; Thorner and Zinoke, Ber. 1877, 1479). 

Industrial pcpaialion. —Crude anthracene 
(55-GO p.c.) is slowly added to a hot solution 
of sodium dichiomate in a large wood vat 
lined with lead. The solution is kept well 
stinted and hoate'd with steam until all the 
anthracene has beep added. The steam is 
then cut off and sulphuric acid is run into the 
mixture in the form of a fine spray; the heat 
generated by the reaotion keeps tho solution 
boiling. The crude anthraquinone is then 
separated by filtration and dried. It is dis¬ 
solved in sulphuric acid without applying any 
heat, and, when solution is complete, transferred 
to a largo vat lined with lead and boiled with 
water. The precipitated anthraquinone is at 
once separated by moans of filter presses 
from th'‘ soluble compounds ; the pressed cakes 
aio boiled with a solution of soda, and then 
again filtered, pressed, dried, and finally sub¬ 
limed (Levinstein, J. Soc. Chem. Ind, 1883, 
219; Kopp. Is.). Poirrier and Rosenstiehl 
(Eng. Pat. 8431 ; J. Soc. Chem. Ind. 1887, 
595) oxidise anthracene in a closed lead-lined 
vessel by means of ferric sulphate. The vessel 
is heated to 120®-150° during 72 hours, com¬ 
pressed air being injected into the vessel. By 
this means the anthracene is virtually oxidised 
by the air, i he ferric sulphate acting as a carrier 
for oxygen. The Farbenfabrik vorra. Meister, 
Lucius* und Bruning, state that an almost 
quantitative yield of anthraquinone is obtained 
by the electrolytic oxidation of anthracene in 
20 p.c. sulphuric acid, in tho presence of cerium 
sulphate (D. R. P. 152063; Eng. Pat. 19178, 
f:)02). Another process consists m the absorp¬ 
tion of nitric oxides diluted with air, by zinc 
oxide, copper oxide, or a similar oxide of low 
basicity. Anthracene i* mixed with this, and 
a stream of air or oxygen is passed through the 
mixture at 250°-350°, anthraquinone being 
produced (Ch. Fabr. Griinau, Landshoff und 
Meyer, D. R. PP. 207170, 215335; J. Soc. 
Chem. Ind. 1909, 360, 1310). On the use of 
oxide* of nitrogen and nitric acid for oxidising 
anthracene, see D. R. PP. 234289, 254710, 
256623. Meister, Lucius, and Bruning (D. R. P. 
292681) make a mixture of 100 parts 30 p.o. 
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aqueous anthracite paste, with 3000 parts 
water, 250 parts 25 p.c. ammonia, and 5 parts 
copper oxide. Oxygen corresponding to 3 
molecules per molecule of anthracene is forced 
.a and the whole stirred and heated for two 
itours at 170° C. DarmstacUer (Chem. Zentr. 
1900, ii. 161; D. R. P. 10901 z) prepares anthra¬ 
quinone by the electrolytic oxidation of anthra¬ 
cene in a chromic-acid bath. Various processes 
have been patented for purifying the crude 
anthraquinone thus produced. Bronner (J. 
Soc. Chem. Ind. 1882, 499; 1883, 410; Eng. 
Pat. 769 ; I). R. P. 21081) dissolves out the 
impurities on a specially constructed circular 
Bhelf. The method depends on the continuous 
extraction of the impure product with an amount 
of solvent insufficient to keep in solution tho 
wholo of the anthraquinone and the easily 
soluble impurities. Payer & Co. (I). R. P. 
08474; Eng. Pat. 6639; J. Soc. Chem. Ind. 
1899, 439) dissolve out «tho impurities with 
liquid sulphur dioxide; Sadlor & Co., Ltd. 
and Driedger (Eng. Pat, 17035; J. Soo. Chem. 
Ind. 1902, 1072) recrystalliso the crude anthra¬ 
quinone from hot aniline. The chromium 
liquors may be recovered and used again, by a 
process of electrolytic oxidation in iron cells 
which arc lined with load. Strips of lead, 
hanging in tho cells, act as cathodes, and tho 
liquor is circulated through aperies of cells* 
Properties. —Anthraquinone, as usually pre¬ 
pared, forms a felted mass of crystals of a pale- 
yellow or bull coloui; by sublimation it can bi 
obtained in tho form of lemon-yellow needles < i 
golden-yellow prisms ; m.p. 285°-286° (corr ): 
b.p. 379°-381° (corr.) (Recklinghausen, Per. 
1893, 1615); sp.gr. 1-438 1*419 (Schrocdcr, 
ibid. 1880, 1071 ; Phillipi. Monatah. 1912, 33, 
373). Sparingly soluble in alcohol and ether, 
somewhat more soluble in hot ben/one. Accord¬ 
ing to Hildebrand, Ellefson, and Beebo (J. 
Amer. Chem. Soo. 1917, 39,2301), the solubilities 
of anthraquinone at 25°, in grams per 100 
grams of the sol cuts, are as follows .— 

Alcohol .... 0'437 

Ether . . . • .0*104 

It is neuiral in its reactions, and is insoluble 
in dilute acids or alkalis. Anthraquinone is 
very stable; it is not affected by hot hydro¬ 
chloric acid, or by boiling with caustic potash or 
calcium hydroxide solutions ; it dissolves in hot | 
nitric acid (sp.gr. 1*4), and is deposited in crystals j 
on cooling or on dilution ; it dissolves unchanged j 
in concentrated sulphuric acid at 100°, and if j 
precipitated in fine crystals on pouring into 
water. Strongly heated wtyh sulphuric acid, j 
it is converted into mono- and di-sulphonic acids ' 
(v. Alizarin). Anthraquinone is of great com¬ 
mercial importance, as it is used in the prepara¬ 
tion of alizarin, quinizarin, purpurin, &c. (v. 
Alizarin). Fusion with zinc or treatment with 
sodium methoxide converts it into anthracene 
(Haller and Minguin, Compt. rend. 120, 1105); 
fusion with caustic soda converts it into sodium 
benzoate (Graebe and Liebermann, Annalon, 
160, 129), and by distilling it over lime benzene 
is formed; reduction with zinc and caustio 
soda, or with sodium amalgam yields oxanthranol 
C u Hi 0 O| and dianthranol (Diels and Rhodius, 
Ber. 1909, 1070; Meyer, Per. 1909, 143); zino 
and amyl ftloohol convert it into dianthrol 


(Meyer, Monatsh. 30, 165). Phosphorus penta- 
chloride and phosphorus oxychloride oonvert 
it into trichloranthraoene and other chlorinated 
products (Radulcscu, Chem. Zentr. 1908, ii. 
1032). A delicate test for anthraquinone 
consists in reducing it with sodium qmalgam in 
dry ether. On adding a drop of water, a red 
colouration is produced; if alcohol is used 
instead of oilier, addition of water gives a green 
colouration (Claus, Ber. 1877, 927). 

The following method serves to estimate 
anthraquinone in presence of anthracene, and 
not more than 10 p.c. of phenaflthroquinone, 
with an error not exceeding 0*3 p.c. One part 
of the crude anthraquinone is wettod with 
alcohol, mixed with 2 parts of zinc-dust, and 
about 50 parts of hot 5 p.c. sodium hydroxide 
solution. The mixture is floated just below 
boiling-point for five minutes, and then rapidfy 
filtered and washed once with water. The 
filter with tho residue is heated with another 
equal portion of sodium hydroxide solution 
and liltered into the same flask. The residue 
is again treated with sodium hydroxide solution, 
and if it imparts no red colour to this on boiling, 
is rejected. Otherwise tho liquid is filtered off, 
and tho residue treated with sodium hydroxido 
repeatedly until anthraquinone is shown to be 
completely reduced to oxanthranol and removed, 
by the failure of tho residue to impart a red 
colour to boiling sodium hydroxide solution. 
The united filtrates are cooled and rooxidieed 
by shaking until flic rod colour disappears. 

I The anthraquinone is filtered off on asbestos, 

! dried at 110°, and weighed. Tho following 
precautions arc necessary : Boiling with alkali 
must not bo unduly prolonged, or reduction 
may proceed so far that anthraquinone is not 
reconstituted on more shaking with air, and 
filtration of the reduced solution must be rapid J 
to prevent rcoxidation on the filter (Lewis, J. 
Ind. and Eng. Chera. 1918, 10, 426; Analyst, 
1918, 297). 

Condensation products.— With phenols: 
Scharwm and Ivusnezof, Per. 1903, 2020; 1904, 
3016; Dcichler, D. It. P. 109M4 ; Chem. Zentr. 
1900, ii. 390. With aminos: Bayer & Co. 
I). R. PP. 86160,107730,136777,136788,148079; 
Chem. Zentr. 1902, ii. 1272; Chem. Soo. Abst. 
1904, i. 326. Aryl ethers, aryl- and alkyl- 
amino- derivatives: Bayor & Co. D. R. P. 
168531 ; Fr. l’ats. 354717, 362140; J. Soc. 
Chom. Ind. 1905, 885, 1105; 1906, 752. Thio¬ 
cyanates : Bayor & Co. D. R. P. 206064 ; J. Soc. 
Chem. Ind. 1909, 239. Morcaptana: ibid. 469. 

A cooled solution of anthraquinone in con¬ 
centrated sulphuric acid, when treated with 
aluminium powder with constant stirring, yields 
anthroquinol and anthrone. 

1.2- and 1.4-anthraquinonea have been pre- 
! pared 'rom a-anthrol and 1.2-anthraquinone 
I from /?. anthrol (v. Dienol, Ber. 1906, 926 ; 

! Liebermann, Ber. 1906, 2089 ; Harlinger, Ber. 
i 1906, 3537; Lagodzinski, Ber. 1894, 1483; 
i 1895, 1422; 1908,1717). 

ANTHRAQUINONE RED v. Alizarin and 

ALLIED COLOURING MATTERS. 

ANTHRAQUINONE SULPHONIC ACIDS v. 

Alizarin and Allied Colouring Matters. 

ANTHRAROBIN v. Ckrysarobin. 

ANTHRARUFIN v. Alizarin and allied 

COLOURING MATTERS. 
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ANTHRASOL. A trade name for. a pre¬ 
paration of coal-tar with the oolour and con¬ 
sistence of olive oil. 

ANTHROL 

/ CH \ 

*-C 6 h/ I >C 6 H 8 (OH) 

X CH / 

Two isomeric anthrols are known, a- or 1- 
hydroxyanthracene and ft- or 2-hydroxy- 
anthracene. 

a-Anthrol is prepared by fusing 1-anthracene- 
sulphonic acid with ft parts of caustic potash at 
250°, dissolving the mass in water, ana filtering 
off the yellow flocks which separate out. The 
crude product is recrystallised from acetic acid 
and water. It forms yellow plates, m.p. 152°. 
a-Anthrol dissolve, 1 * in the ordinary solvents with 

blue fluorescence, and is more solublo than 
-anthrol (Schmidt, Ber. 1004, 00; Dicnel, 
Ber. 1005, 2802 ; v. also Linke, J. pr. Chcm. [2] 
11, 227). It is used in the preparation of 
alizarin-indigo (1, which is obtained from 
dibromo-isatin chloride and a-anthrol (D. It. I*. 
237199). 

ft-Anthrol is prepared by fusing 2-anthracene- 
sulpbonic acid with potash nnd recrystallising 
the crude product from acetone (Liebermann 
and Hormann, Ber. 1879, 589; Linke, ,1. pr. 
Chem. [2] 11, 222). It can also be obtained by 
reducing hydroxyanthraqumone with hydriodic 
acid and phosphorus (Liebermann and Simon, 
Ber. 1881, 123). Tt forms yellow plates melting 
with decomposition at 200°, and is solublo in 
the common organic solvents with a violet 
fluorescence. By reduction with sodium in 
alcoholic solution, dihydroanthrol is obtained 
(Bamberger nnd Hoffmann, Ber. 1893, 3009), 
and by heating xyith acetamide at 280° anihramut 
is obtained. Azo- dyestuffR have been obtained 
.from 0-anthrol (Act. Ges. f. Anilinf. I). It. 1*. 
21178; Frdl. i. 538). It possesses a somewhat 
phenolic oharactcr, but moro resembles the 
naphthols in that on heating with ammonia to 
200° C. it yields the corresponding anthrainine. 
If, however, it be reduced to the dihydro- 
anthrol, this is the complete analogue of phenol, 
and does not condense with ammonia to the 
amine. 

ANTIAR RESIN or UPAS ANTIAR. A 

green resin which exudes from the upas tree 
(Amtaris toxicana (Lesch.), order Maracea'). 
Light petroleum and benzene extract from it a 
substance analogous t.o caoutchouc, a fatty 
matter, and two resinous substances; alcohol 
extracts from the residue a very poisonous 
glucoside, antiarin (De Vrij and Ludwig, J. pr. 
Ohem. 103, 253). 

ANTIARIN v. Dic.itai .is; Glucosides. 

ANTIARTHRIN. A trade namo for a con¬ 
densation product of saligenm and tannin. 

ANTI-CHLOR. Linen and cotton fibres and 
paper pulp are apt to retain some free chlorine 
from the hypochlorite used in bleaching, and 
as this causes the material to rot slowly, the 
manufacturers use certain reagents known as 
4 anti-chlors ’ to remo\ e the last traces of 
chlorine. The first* substances employed were 
the neutral and acid sulphites of soda (sodium 
sulphite and bisulphite); these were superseded 
in 1853 bv sodium hyposulphite, which is now 
very largely employed. Calcium sulphide, made 
by boiling milk of lime with kulphur ; stannous 


chloride in hydrochloric acid with subsequent 
treatment with sodium carbonate to neutralise 
any free acid; ammonia and sodium nitrite 
have also been recommended. 

ANTIDIABETINE. Trade name for a pre¬ 
paration said to te composed of saccharin and 
mannite. 

ANTIDIN. Phenyl other of glycerol. 

ANTI-FEBR1N. A trade name for acet- 
a7iilide or phenylacclamide C 8 H 6 'NH'CO*CH 8 . 
Discovered by Gerhardtin 1853, nnd investigated 
an an antipyretic by Kussmaul in 1880 (v. 
Acetanilide). 

ANTIFORMIN. Trade namo for the alkaline 
liquid prepared by adding caustic soda to a 
solution of sodium hypochlorite. Used as a 
disinfectant, the active ingredient being the 
chlorine, of which 4 p.c. is liberated on treatment 
with hydrochlorio acid. Solutions of sodium 
hypochlorite are prepared in Germany by the 
electrolysis of 5 p.c. salt solution A current 
of 110 volts and 100 amperes furnishes nearly 
0000 litres daily of a disinfecting or bleaching 
solution containing 1 p.c. of available chlorine. 

According to H. Will (Zeitsch. Ges. Brauw. 
1903, 865 ; J. Soc. Chem. lnd. 1904, 125), it is 
one of the best disinfectants for brewery work. 
It rapidly softens organic impurities and facili¬ 
tate^ their removal bv scouring, in addition to 
its oxidising action, and it also dissolves incrusta¬ 
tion. Its germicidal power is high, and a 5 p.c. 
solution is sufficient for most purposes. It is 
used cold, and may be safely applied to varnished 
surfacos with a brush, provided care is taken to 
prevent prolonged contact 

ANTIFUNGIN. Trade name for magnesium 
borate, employed as a fungicide. 

ANTIGERfHIN. Trade name for a prepara¬ 
tion of a copper salt of a phenol-carboxylic acid 
mixed with lime. It is used as a fungicide. 

ANTIHYPO. A solution of potassium per- 
carbonate, used for destroying sodium thio¬ 
sulphate in photographic negatives and prints. 

ANTILEPROL. Syn. for chaulmoogra oil as 
used in pharmacy. 

ANTILUETIN. Potassium-ammonium anti- 
monyltartrato. 

ANTIMONIALS, ORGANIC. 

Historical. The first organic derivative of 
antimony was synthesised by Lowig and 
Schweitzer, who prepared triethylstibme in 
1850 (Mitth. d. Ziirch. Naturforsch. Gesellschaft. 
1850, 45, 1; Annalen, 1850, 75, 315, 327). 

This synthesis was immediately extended by 
H. Landolt (Annalen, 1851, 78, 91), and further 
investigations of aliphatic antimonials were 
made by Hof man (<857) and by Buckt-on (1860). 
The first, aromatic antimonials were prepared 
about 30 years later by Miehadis, who, in colla¬ 
boration with Reese, Hasenbaumer and others, 
developed a general method for the synthesis 
of antimony derivatives containing one, two, or 
three acyl groups. 

In 1910 these researches were revised by 
Morgan and Micklethwait (Ohem. Soc. Trans. 
1911, 99, 2293), who showed that triphenvlstibine 
on heating with antimony chloride yields both 
mono- and diphenylstibine chlorides, and who 
determined the effect of the antimony complex 
on the orientation of a nitro group. Similar 
investigations were made independently by 
1*. May, who also studied the reduction of the 
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nitrated arylantimony compounds and arrived 
at concordant results (Chem. Soc. Trans. 1912, 
101, 1033). 

The diazo synthesis of aryl antimony com¬ 
pounds was first employed by the Chomische 
Fabrik von Hoyden of Dresden, and this led to 
the synthesis of antimony atoxyl and antimony 
salvarsan (Fabr. Heyden. D. R. P. 254421). 

Syntheses of aliphatic antimonials aro few 
compared with thoso in the arsenic senes, and 
are attended by greater experimental difficulties. 
Syntheses are successful only when the more 
energetic reagents arc employed, owing to the 
feebler affinity of antimony foi hydrocarbon 
radicals. 

Antimony analogues of certain of the thera¬ 
peutic organic arsenicals have been prepared, but 
although when tested therapeutically they show 
trypanocidal power, and somotimos confer 
immunity to trypanosomes, yet so far nothing 
comparable with the specific action of aromatic 
arsenicals has bmi observed. Local irritation 
has, been found to accompany subcutaneous 
introduction, but possibly this disagreeable 
effect might bo overcome by intravenous 
injection. 

Stibacctin, the antimonial analogue of 
arsaectin, has boon tried successfully m rendering 
mice immune against various strains of trypano¬ 
somes, the immunising dose tfcing one-tentlf of 
the lethal proportion. Uhlenhutli has reported 
on the effect of Mis drug on the growth of 
experimental tumours in rats and mico (Modizi- 
nische Kiinik, 1912,37). Sulphofotm (triphcnyl- 
stibine sulphide) has been employed medicinally 
as a remedy in skin diseases. 

Syntheses oi< Aliphatic Antimonials. 

1. Interaction of an Alkyl Halide with an 
Alloy of Antimony. 

Ethyl iodide, chloride or bromide reacts with 
an alloy of potassium and antimony (12 p.c. 
potassium), yidd'ng tnethylstibine and tetra- 
ethylstibonium .mlide. Those products are not 
accompanied by any antimonial analogue of 
ethylcaeodyl. 

IT. Interaction of an Alkyl Halide with 
Antimony. 

Methyl iodide heated with antimony in a 
sealed tube at 140° yields trimetlu/ldibinc di- 
iodide Sb(CH.,) 3 l 2 (Buckton, Journ. (’hem. Soc 
1800, 13, 120 ; Jahresber, 1860, 374). 

III. Interaction of a Metallic Alkyl with an 
Antimony Halide. 

Zinc dimethyl reacts with antimony tri¬ 
chloride, giving * riiiiethylstibinc (Hofmann, 
Jahresber. 1857, 103, 357). * 

The Grignard reaction may also be employed. 
Antimony trichlorido treated with Grig mini 
reagent (magnesium methyl iodide) gives a 
00-70 p.c. yield of trimethylstibine (Hibbert. 
Ber., 1906,39, 160). 

Aliphatic Antimonials. 

Trimdhyhiibinc Sb(0H 3 ) 8 . Synthesised by 
method I. (above), and is ordinarily prepared in 
the same manner. 

Colourless liquid, b.p. 80 0°, 1) 1'523/15°; 
odour of onions, soluble in ether, slightly soluble 
in water or alcohol; spontaneously inflammable 
Vol. L— T. 


in air or chlorine (Landolt, Annalen, 1851, 78, 
91 ; Jahresber. 1861, 569). 

The dichloride Sb(CH 8 ) 3 Cl a , and the corre¬ 
sponding dibromide are produced by direct 
addition of the halogon. 

Telramdhylstibonium iodide Sb(CHo) 4 T. 
Formed by direct combination of trimotnyl- 
stibmc and methyl iodide. Hexagonal plates, 
very soluble in water or alcohol, less so in ether; 
bitter saline taste. 

TetramcihylsHhom um hydroxide, deliquoscent 
crystalline mass obtained by tree,ting the iodide 
with moist silver oxide; resembles caustic 
potash ; its salts aro crystalline and devoid of 
emetic action. 

Tndhyldilnnc Sb(( , 2 II 5 ) 3 . Synthesised by 
method I. (above), and ordinarily prepared in the 
same manner or by method III. (above). 
Colourless liquid, b.p. J 58'5/730 mm. I> 
1 '3244/16°, odour of onions, soluble in ether or 
alcohol, insoluble in waf er; spontaneously 
inflammable (Ldwig and Schweitzer, Annalen, 
1850, 75, 315; Hofmann, Annalen, 1857, 103, 
357; Buckton, Quart. J. Chem. Soc., 1863, 
13, 116, 118) 

Tdradhylstibonium iodide Sb(G 2 H 5 ) 4 l,l|H 2 0. 
Hexagonal prisms, fairly soluble in water, more 
so in alcohol and less so in ether. 

Tdradhylstibonium hydroxide, prepared from 
the iodide and moist silver oxide, is oily, mis¬ 
cible with water or alcohol, and forms crystalline 
but hygroscopic salts. 

Triamyl stdnne Sb(C 6 H n ) 8 , prepared by 
method 1 (above). Fuming liquid heavier than 
water, oxidising to triamylslibine oxide 
Sb(C 6 H„) 8 0 

Syntheses or Akomatk 1 Antimonials. 

I. Interaction of sodium with chlorobenzene 
and antimony trichloride in benzene solution. 

The mixture heated for 24 hours yields tri- 
phenylstibme, tnphenylstibino dichloride and 
diphenylstibme tnchlonde. Triphenylstibinc 
heated under pressure with antimony tri¬ 
chloride gives phenylstibino # dichloride and 
diphenylstibme chloride, the sodium conden¬ 
sation thus leading from tertiary to primary 
and secondary antimonials. 

II. Grignard reaction. Antimony trichloride 
heated with magnesium aryl bromide or iodide 
gives tnarylstibme as chief product, but the 
diaryl and inonaryl antimony compounds may 
be obtained from the tertiary stibme by heating 
with antimony trichloride (Morgan and Mickle- 
i-hwait, l.c. , cf. Pfeiffer, Ber. 1904, 37, 4621). 

ill. Diazo - synthesis. This method was 
discovered by the Chemischo Fabrik von 
Hoyden, who in 1911 showed that the stibinio 
group could by this means be introduced into 
aromatic nuclei. PhcnyUtibinic acid is pre¬ 
pared bj diazotising aniline, which is then 
treated with a cooled solution of antimony 
trichloride in aqueous sodium hydroxide. 
After some hours the mixture is almost neutral¬ 
ised with dilute sulphuric acid, and the phenyl- 
stibinio acid is precipitated from the filtered 
solution by hydrochloric acid. As thus pre¬ 
pared, phenylstibmic acid differs appreciably 
from specimens obtained vui phenylstibinic 
chloride, showing decided tendoncy to form 
salts with ammonia^ind sodium hydroxide. 

2 A 
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p-Ii y dr oxy phenylstibinic Acid j 

HOC c H 4 *SbO(OH) a i 

and v-Aminophenylstibinic Acid (p-Stibanilic 
Acid) NHyC a H 4 -SbO(OH) a are both prepared 
by analogous methods. The sodium salt of the j 
latter is tnj antimonial analogue of atoxyl (q.v.), 
and has similar therapeutic properties. Acetyl- 
yi-phenylenediamine is diazotisod and oonverted 
into acetyl-p-aminophenylstibinic acid by treat¬ 
ment with alkaline solution of antimony tri- i 
cliloride. The product is hydrolysed into 
p-aminopherjylstibinlc acid. 

The sodium salt of aeetyl-p-aminophenyl- 
Btibinic acid is ‘ stibacetin,’ the antimony 
analogue of ‘ arsacotm. 1 

When acetyl-p-ammophenylstibinic acid is 
successively nitrated and hydrolysed with 
faustic alkali so as to replace the aeetylamino- 
complex by hydroxyl, the scarlet alkali salt of 
‘S-nitroA-hydroxystibunc acid separates. This 
salt is also produced by converting p-chloro- 
aniline into p-chlorophenylstibinic acid (by the 
above diazo reaction). This ehloro- compound 
is nitrated to .‘bmtro-4-chlorophenylstibiino 
acid, which on treatment with alkali exchanges 
its chlorine atom for a hydroxyl group. ' 

U <3nH 2 CI<^>SbO(OH) s 

4 " 

OH Cl 

NO, ^ QnO, 

SbO(OH), SbO(OU), 

Aromatic Antimoniais. 

Phenylstibinc dichlortde CgH 6 ‘Sb'Cl 2 , colour¬ 
less crystals, m.p. 58° ; b.p. 290° ; very soluble 
in alcohol, ether, benzene, or light petroleum 
On warming, the odour, which is at first faint, j 
becomes very pungent and irritating (Hasen- 
baumor, Ber. 1898, 31, 2912). 

Phenylatibinic chloride 0<jH B - SbCl 4 , is prepared 
by saturating an ethereal solution of phcnyl- 
sfcibine chloride with chlorine, and is obtained 
as a hygroscopic crystalline mass. It is hydro¬ 
lysed bv water into phenylstibinic acid 
C # H B -SbO(OH) a 

a white powder decomposing above 200°; in¬ 
soluble in water; soluble in aqueous alkalis and 
in glacial acetic acid. 

Diphenylstibine chloride (C fl H 5 ) a Sb'Cl, colour¬ 
less crystals, m.p. 68° (Michaelis and Giinther, 
Ber. 1911, 44, 2316 ; Morgan and Micklethwait, 
lx.; Griithner and Wiernik, Ber. 1915,48,1749). 

Diphenylstibine trichloride. Colourless 
needles with one molecule of water, m.p. 180 . 
Formed as by-product in synthesis I., boing 
extracted with hot dilute hydrochloric acid from 
the concentrated mother liquors from this 
reaotion. Treated successively with (a) alcohol 
and dilute ammonia, or with (6) aqueous sodium 
hydroxide and acetic acid, the trichloride yields 

DiphenyUtibinie acid (CjHgljSbO'Oll, a 
granultr precipitate insoluble in ammonia or 
sodium carbonate, as produced by the first 
method, or in a form soluble in these reagents 
when obtained by the second method. 

Triphenylstibine (C 6 H c )„Kb. Colourless, tri- 



clinic plates, m.p. 48° ; b.p. 231-232°/16-18 mm., 
above 360°/760 mm. (with partial decomposi¬ 
tion); D 1*4998/12° (Ghira, Gazzetta, 1894, 
24 (i), 317). Synthesised by method I. (above). 
The product of this reaction is successively 
extracted with alcoholic hydrochloric acid and 
light petroleum, the latter removing the required 
stibine, which is then precipitated by chlorine 
in the form of its dichloride, this being reduced b v 
hydrogen sulphido. The product is recrvstal- 
lised from light petroleum (Michaelis and Reese, 
Annalen, 1886, 233, 45). An almost quantita¬ 
tive yield can be obtained by employing the 
Gngnard reaction (Morgan and Micklethwait, 
Chom. Soc. Trans., 1914, 99, 2290). 

Triphenylstibine dichlonde (C 6 H 6 ) 3 Sb‘Cl 2 . 
Formed as a by-product in Method I. (above). 
Colourless needles, m.p. 143°. 

Triphenylstibine sulphide , ‘ Sulphoform.’ 

(C«H 6 ) 3 SbS.' W 7 hite needles, m.p. 119-120°. 
Soluble in benzene, chloroform, or glacial acetic 
acid, less soluble in alcohol, slightly soluble in 
ether. It has been used successfully in .the 
treatment of eczema and other skin diseases. 
It is prepared by the carefully regulated action 
of hydrogen sulphide on the alcoholic ammonia 
solution of the stibine cliloride (Kaufmann, 
Ber. 1908,41,2761). 

# Tekvausnt 'Antimony Derivatives. 

The members of this series of antimoniais 
contain the stibino-group,—Sb=Sb—, and were 
discovered in 1911 by the Ohemische Fabrik von 
Heyden, who succeeded in reducing the aromatic 
stibinic acids. 

Stibinobenzcne C„II 6 *Sb: Sb’CgHj. Pale 
yellow powder, insoluble in water, soluble in 
glacial acetic acid and chloroform. Phenyl¬ 
stibinic acid in caustic soda solution is cautiously 
reduced with sodium hydrosulphite, and tho 
resultmg crude product extracted with a mixture 
of alcohol and benzene containing copper 
powder The filtered solution contains the 
purified product. 

3 : 3'- Diamin ostib iruibenzene 

NH 2 *C 6 H 4 \Sb: Sb-C 6 H 4 OT a 

’Yellow powder, insoluble in water, soluble in 
glacial acetic acid, soluble with pronounced de¬ 
composition in mineral acids. Prepared by 
treating a dilute alkaline solution of m-amino- 
phenylstibinous chloride - hydrochloride with 
a filtered solution of sodium hydrosulphite 
magnesium chloride and sodium hydroxide. 

3 : Z'-DiaminoA : I'-dihydroxystibinobenzene 

NHi- NH, 

HO<^>Sb: Sb/^>0H 

the antimonial analogue of Salvarsan base is 
prepared by reducing 3-nitro-4-hydroxyphenyl- 
stibinio aoid with alkaline sodium hydrosulphite. 
The red colour of the sodium salt of this aoid 
disappears, and the stibinic compound separates 
as a reddish-brown precipitate, soluble in aqueous 
alkalis or acids. It is easily acylated, and it 
condenses with aldehydes. It can be diazotised 
and yields a colouration with ferrio chloride. 
When oxidised with alkaline hydrogen peroxide 
it is converted into colourless 3-amino-4-hydroxy- 
I phenylstibinic acid (D. R. P. 268451). 



ANTIMONIALS, ORGANIC. 


-S5S 


MISCELLANEOUS Obganic Debiyatives of 
Antimony. 

Tricampltoi yldibinic chloride 

t OHi ,C1 . 

l. c " H,i \J; sb \ C i 

This is the main product of the condensation 
of the sodium derivative of camphor with 
antimony trichloride. It is soluble in benzene, 
from which it is obtained in colourless crystals, 
melting with decomposition at 244°; it is 
resolved by water into the unstable tricamphor yl- 
stibinic acid (CtoH, 5 0) 3 Sb(OH) 2 , decomposed by 
dilute aqueous sodium hydroxide, and by boiling 
water (Morgan, Micklethwait and Whitby, 
Ohcm Soo. Trans. 15)10,5)7, 35). 

(I.) is pre¬ 
pared In the •■Mgpiid method from phenyl- 
stibine diohlonde and the magnesium compound 
of ae-dibromopentane, arid is a colourless, 
viscous, unpleasant smelling oil, b.p. 109—171 °/ 
18-20 mm. (m C0 2 ); oxidises on exposure to 
air. 

mr 'd1H a *CH 2 v \ob.(t u 


1. 

cu ,-cri 2 n 


cJl,-CH. 


;Slr(',.lI 5 


II. 

When a8-dibromobulane is employed in this 
condensation phenykycioti h amcthylenestibine 
(II.) is obtained as a colourless oil of unpleasant 
odour, b.p. 156-158°/20- 22 mm, yielding 
crystalline dichloride and dibromide (Clruttner, 
Wiemik and Krause, Ber. 1915, 48. 1473 ; 1910, 
49, 437). 

Bibliography .—Organic Compounds of 

Arsenic and Antimony (Morgan, London, 1918). 

G. T. M. 

ANTIMONIN Trade name for antimony 
cab mm lactate, used as a tannin-fix mg mordant. 

ANTIMONITE. Native antimony sulphide 
(v. Antimony^. 

ANTIMONY. ( Antimoinc , Fr.; Anlimon , 
Ger.) Stibium. Sym. Sb. At.wt. 1202. 

Occurrence. —Antimony occurs native in 
small quantities, occasionally in rhombohedral 
crystals, at Andreasberg in the Hartz, Przibram 
in Bohemia, Sala m Sweden, Allemont in France, 
in the United States, New South Wales, and 
Quebec. It oecui, u> large masses in Sarawak, 
Borneo. • 

Combined with oxygen as the sosquioxide 
Sb,0 8 , it occurs in antimony bloom, while anti¬ 
mony, or valentinile, and in senarmontite, bein£ 
found in workable quantities in the Algerian 
provinoe of Constantine. In antimony ochre 
or cervantite, and in stibiconile and volgenle, it 
occurs as antimonite of antimony Sb 2 0 4 . 

Combined with sulphur, it occurs as stibnite, 
antimonite, or grey antimony ore Sb 2 S 3 . In 
union with sulphur and oxygen together, it 
forms red antimony, antimony blende or ker- 
mesite Sb 2 0g2Sb 2 S 8 . 

With arsenic, antimony is found in allc- 
montite or arsenical antimony. With silver, 
in discrasite. 


With sulphur and metals, antimony forms a 
number of sulphaniimonites, among which may 
be mentioned zinkenite, jamesonile, boulangerite, 
and feather ore, containing antimony, sulphur, 
and lead; miargyrite, pyrargyi tie, and stephan- 
tie, containing silver; berthiertie, containing 
iron, and antimonial copper glance. Antimony 
is found in certain ferruginous waters. 

The antimony minerals of commercial im¬ 
portance as ores are stibmte, and the decompo¬ 
sition products which are usually associated 
with it and sometimes entirely replace it, viz. 
kermesite, valentinile , senarmontite, ^ind cervant- 
ite. 

Antimony ores occur in workable quantities 
in Mexico, California, North and South America, 
Canada, Australia, Japan, Borneo, Cape of 
Good Hope, New Zealand, Asia Minor, Austria, 
Hungary, France, Russia, Siberia, Serbiaf 
Algiers, Italy, Spam, Portugal, Corsica, and 
Sardinia. Small deposits of antimony sulphide 
have been discovered in Cornwall, Cumberland, 
and Scotland. 

Antimony ores occur in tho south of Hu¬ 
peh and part of Szo-ehuon province and in the 
provinces of JIu-nau Kwei-cliow, Kwang-si, and 
Yunnan. Roughly-speaking, this vast anti¬ 
mony belt comprises tlie entire western half of 
China south of the Yang-tse-Kiang. There 
are smelting and refining works at Woo-chow 
which reduce the ore mined in the province of 
Kwang-si, exports from which aro shipped to 
Canton and llong-Kong. There are also 
important works at. Chang-sha, tho capital of 
Hu-nan province, exports from which are 
shipped via Hankow and Shanghai (Schocllcr, 

J. Soc. Chem. lnd. 1913, 32, 260). 

For a bst of antimony-producing countries, 
sec 3. Soc Chem. Ind. 1M5, 34,1148. 

The veins in which stibnite is found are ^ 
usually 4- 6 inches, in width, but in some nch * 
mines, as in Nevada, they are several feet across. 
Tho gangue materials are quartz, with some 
brown-spar and heavy spar, and from these 
the sulphide can only be separated by hand¬ 
picking or liquation. It is occasionally found 
m pockets, when it is usually very pure. 

By far tho most general ore of antimony is 
the sulphide, but in some cases, as in Algeria, the 
oxide is found in workable quantities, and in 
other cases both oxide and sulphide occur 
together. 

Extraction.— Metallic antimony and its com¬ 
pounds arc nearly always extracted from tho 
oies by dry methods. According to their 
j suitability for the several methods of treatment, 
the ores fall into two broad classes : 

(a) Sulphide ores containing over 40 p.o. 
stibnite. 

(b) Sulphide ores containing less than 40 p.c. 
of the sulphide, and oxide ores of any grade. 
In this class also may bo included liquation 
residues and flue deposits, &c. 

Preliminary treatment of Ores. —Ores of 
class (a) are used for the production of the metal 
by the English process. If the content of 
sulphide is over 90 p.c., the ore requires no 
preliminary treatment, but less pure # ore is 
subjected to a process of liquation, in which the 
sulphide is melted and allowed to run away 
from the gangue. 

The following • method of liquation was 
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formerly used where fuel is plentiful, as at 
Malboso, in the Department of Arddcht, Wolfs- 
berg in the Hartz, and in Hungary. The ore was 
placed in small lumps in a number of conical 
pots of 45 kilos capacity, each perforated below 
and standmg on a perforated plate over a sunken 
receiver. The pots wero surroundod by fuel 
which continued to burn for 10 hours, the melted 
sulphide, known as erudo antimony, collecting 
in tho receivers. 

At La Linoouln, Wolfsberg, and Haute Loire, 
the pots were contained in a reverberatory 
furnace. At Sehmollnitz, in Hungary, the 
melted sulphide ran through channels into 
receivers outside the furnace. 

At Malbosc, the pots are replaced by cylin¬ 
drical tubos, perforated below and standing on 
similarly perforated plates abovo the receivers. 
Each cylinder has a capacity of 500 lbs. of ore, 
four being heated m one furnace. Each has a 
hole at the side, through which the residues are 
removed, these holes being closed during tbo 
heating. Tho receivers are of clay, or of iron 
coated with clay. 

At (Jhang-Sha, and also in other parts of the 
province, crude antimony is obtained from high- 
grade (58 p.c.) ores by liquation. Tho process 
is carried out in furnaces oaeh of which holds 
two clay crucibles, the chargo for each crucible 
being 60 lbs. of ore. The crucibles are inclined 
and perforated at the bottom; they are lired 
for two hours, the liquated sulphide collecting 
in a cavity at the back of tho furnace, whence 
it is ladled into iron moulds and allowed to 
solidify. The pasty liquation residue is dumped 
into loose iron frames formed of two L-shaped 
pieces in which it cakes togother on cooling 
(Sehoeller, l.c.). 

The method of liquation in reveiberatory 
furnaces is used in some places where ore can 
' be mined cheaply but fuel is dear. The con- | 
sumption of fuel per unit of sulphide liquated is I 
least with this typo of furnace, but there is a j 
considerable loss of antimony by volatilisation. 
This loss, however, can bo prevented by the 
use of suitable condensing apparatus such as I 
Herrenschmidt’s ( v.i .). 

In any process- of liquation the temperature 
must be carefully regulated, as too low a tempera- | 
ture results in a low yield of sulphide, the 
residues containing too much antimony, while 
too high a temperature increases the loss by | 
volatilisation. 

The liquated stibnite contains much less 
sulphur than is required by the formula Sb 2 S 8 , 
and Sckoeller has shown that this is due to the 
presence of oxygen. 

Ores of class (6) are either roasted to the 
non-volatile totroxide, or to the volatile trioxide, 
or are subjected to one of the direct reduction 
processes. 

The oxidation of the sulphide to tetroxide 
takes place at temperatures between 350° and 
400° in presence of excess of air. If the ore is 
impure, antimonates of the metallic impurities 
are formed at the same time. During tho 
roasting there is a, great tendency for the ore 
to fril^ and this necessitates the .constant 
rabbling of the charge. The presence of gangue 
renders the ore less liable to fuse, so that the 
process is most easily carried out with poor 
ores, c.g. ore-dust, for the treatment of which 


it is largely used. The furnaces employed are 
of two classes: 

(a) Hand rabbled reverberatory furnaces, 
having an egg-shaped flat bed, with a fire¬ 
place on ojjher side and a working door at the 
front. With these tho process is intermittent. 

(h) Long bedded furnaces, in which the 
roasting is carried on continuously. These fur¬ 
naces are 40 45 feet long, by 8 feet wide, by 2 feet 
high, and have 10 working doors on each side. 
The ore is charged in at one end, and is then 
gradually worked along tho bed during about 
40 hours, and finally discharged at the other 
end. Fresh ore is continually charged into the 
furnace at the rate of fi cwts. every 8 hours. 

The oxidation of the sulphide to volatile 
trioxide takes place at about 400° with a 
carefully regulated amount of air. This pro¬ 
cess, provided suitable condensation apparatus 
is installed, presents marked advantages, and is 
! finding an increasing application, especially in 
dealing with poor ores. It may bo noted that 
arsenic is completely separated as the more 
volatile trioxidc, that any gold or silver present 
is left in the residue and can afterwards be 
extracted, that tho loss of antimony and the 
consumption of fuel are low. Many different 
forms of plant have been usod for this process, 
j but in most the roasting takes place in a fumaoe 
I of tdpola type, bhe most important processes 
being the Ohatillon and Hcrrenschmidt. The 
forms of condensing apparatus are of two classes: 

(a) In which the vapours are passed through 
a scries of flues and chambers and finally through 
water-tanks in which tho last traces of oxide are 
deposited. 

(b) In which the furnace gases are cooled 
below 100° in flues and then filtered through 
canvas or other coarse fabric. 

In the Herrensehmidt process the roasting 
furnace is built of brick, and is provided with a 
hopper through which the ore, mixed with 4-5 p.c. 
of gas-coke or 6-7 p.c. charcoal, is introduced. 
The gases pass from the furnace into a chamber, 
and then through a series of cast-iron tubes 
placed nearly vertical and air-cooled, in which 
tho main portion of tho trioxide is deposited. 
The last traces are removed by forcing the gases 
up a tower filled with coke "over which water 
flows. The draught is maintained by two 
centrifugal fans, working tandem. It is stated 
that 6 tons of ore, containing 10-15 p.c. anti¬ 
mony, can be treated in 24 hours, with a yield of 
over 00 p.c. 

Smelling of the mHal. —Antimony is prepared 
from ‘ crude antimony ’ or high-grade stibnite 
ores by the ‘ English ’ or ‘ precipitation ’ method. 
The ore, of which the composition has been 
determined by analysis, is ground under edge- 
rjnners to the size of a hazel-nut, or smaller, 
aud is subjected to throe operations : 

Singling. This process is carried out in 
crucibles of which about forty are arranged in a 
double row on the hearth of a long reverberatory 
furnace having a grato at each end, and a flue, 

! leading to condensing chambers, in the middle. 

! Tno crucibles are about 20 inches high and 11 
| inches across, and are made of a mixture of 
I 6 parts fire-clay and 1 part plumbago. The 
i charge for each pot is 42 lbs, ore, 16 lbs. iron, 
j 4 lbs. salt, and 1 lb. slag from ‘ doubling ’ (v.i.). 
| These materials are introduced into the red-hot 
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crucible, and kept in a state of fusion for 
2-3 hours, at the end of which time the contents 
are poured into moulds, and the antimony is 
removed from beneath the slag. The product, 
known as singles, usually contains a|)out 91 p.c. 
antimony. 

Doubling is carried out in crucibles arranged 
in a furnace as previously described. Tho i 
charge for each pot is 84 lbs. broken singles. 

7- 8 lbs. liquated sulphide, and 4 lbs. salt, and 
the fusion, which takes about 14 horns, is 
closely watched, tho workman judging from tho 
nature of the slag when tho operation is complete. 
The slag is then removed with an iron ladle, 
and the metal poured into moulds. This product 
is called bowl metal or star bowls, and sometimes 
contains over 99 p.c. antimony. 

Starring, or melting for star metal {v.i. under 
Refining). 

In the English process the loss due to 
slagging and volatilisation is small, being 
only 2-5 p.c. 

It is possible also to reduce tho sulphide on 
the hearth of a reverberatory furnace. Tho 
partially roasted ore, which contains the sulphide 
and oxidos of antimony, is mixed and fused with 

8- 13 p.c. of coal and 9-11 p.c. of soda, fre¬ 
quently with the addition of iron, in which case 
the slag produced is much less fusible and does 
not entirely cover tho bath erf metal; the anti¬ 
mony produced also contains much iron (Dingl. 
poly. J. 162, 449). Where carbonate of soda is 
used for the Vision the mass froths considerably 
and attacks the furnace hearth. 

Tho metal is prepared from either of the 
oxides by one of tho numerous reduction pro¬ 
cesses now m use. 

(а) Reduction in reverberatory furnaces is 
carried out at Bouc, Nepldmes, Now Brunswick, 
&c. The furnace-bed is egg-shaped, deep in 
proportion to its width, and is provided with a 
tap-hole at tho lowest point. The furnace gases 
aro passed through a long series of condensing 
chambers. Fnsi 90-110 lbs. flux (chiefly salt, 
with some soda and sodium sulphate) and 
220-230 lbs. of slag from a previous operation 
are melted on the hearth, and then 400-500 lbs. 
of roasted oroand 67-75 lbs. of charcoal aro added, 
and the whole kept in a state of fusion till 
reduction is complete. At New Brunswick tho 
reduction and refining aro carried out conso- 
secutively in the same operation. 

(б) Some French smelters reduce an oxidised 
ore containing 30-10 p.c. of antimony in a 
3-tuyorcd shaft furnace at the rate of 2-2| tons 
per 24 hours, with the consumption of about 
half that weight of , <»ke. The regulus contains 
92-95 p.c. of antimony, and is subsequently 
refined. 

At B&nya, Hungary, antimony ores are 
mixed with silicious material and smelted in a 
blast-furnace for ‘impure rogulus, which is then 
refined in a reverberatory furnace. The blast¬ 
furnace used ifl a round stack 6 m. high end 1 *4 m. 
diameter at the thioat. The hearth, which is 
1 m. across, is fitte 1 with five water-jacketed 
tuyeres, and has two outlets for slag and metal 
respectively ; a third opening is used for blowing 
out. A blast of 15 c.m. per minute is used, and 
the'gases are collected by a tube at the throat 
and passed through a condensing apparatus. 
Such a furnace will run for 3 weoks continuously, 


smelting about 20 tons of material daily (Berg, 
u. Hiitt* Zeit. 1886, p. 102). 

(c) Reduction in crucibles is only used when 
rich oro or the trioxido is available. The 
reducing agent for the trioxide is carbon (char¬ 
coal or anthracite), and sodium sulphate and 
carbonate are added to form a slag. # 

Considerable quantities of antimony ore aro 
now treated directi.\ for the production of the 
metal. One such process which has beon success¬ 
fully used for some time depends on the reduction 
of tho sulphide in a bath of molten ferrous sul¬ 
phide containing iron ( v . T. C. ttajidcrson, U.S. 
Pat. 714040, 1902 , Cooksoii, Fr. Pat, 324864 
1902; and Herrensehmidt, Fr. Pat. 296200,1900). 

Another method consists m the reduction of 
tho sulphido with carbon in water-jacketed 
blast-furnaces. This has been used by Ilering 
for the treatment of liquidation residues. • 

W. R. Schoellcr (Bull. Inst. Min. and Met. 
Fob. 1918) describes the blast-furnace smelting 
of antimony ores direct in water-jacketed blast 
furnaces, tho chargo consisting of ore, basic 
slag, chalk and coke. In this method, no iron 
is added to the charge and no reduction of iron 
takes placo in the furnace. The antimony is 
obtained as a high grade metal, practically free 
flora iron. 'The best conditions for working tho 
furnace are found to bo about 10 p.c. coke, low 
blast pressure, low metal content of chargo 
(about 10 p.c.), high smelting column (over 
15 feet), and provision of a heated forehearth 
for tho separation of metal and slag. 

Methods of treating antimony ores have also 
been proposed by which the antimony is con¬ 
verted into the volatile cliloridq, as in Lyte s 
process of roasting tho ore with salt. The ore 
may also be subjected to the action of hydro¬ 
chloric acid gas in a reverberatory or muffle 
furnace, the volatilised chloride being condonsed 
in a solution of hydrochloric acid (Dingl. poly. J.* 
250, 79-88, and 123-133). 

Among processes allied to tho smelting of 
antimony there need only be mentioned that of 
Herrensehmidt for the extraction of gold from 
antimony (Fr. Pat. 350013, # 1904). This de¬ 
pends on the fact that when a small quantity 
of antimony is melted with or reduced from 
auriferous stibnite, all the gold present in the 
sulphide passes into the metal. 

Many proposals have been made for the ex¬ 
traction of antimony by wet or electrolytic 
methods, hut they have not been a success 
commercially. Reference may be made to 
Hexing (Dingl. poly. J. 230, 253), and Borchers 
(Kleetrolytischo Gcwinnung des Ant. Uhem. Zeit. 
xi. 1883, 1023). 

Refining of Antimony. 

Unrefined antimony contains sulphur, iron, 
arsenic, and sometimes copper, gold, and lead. 

I Tho following analyses show the composition of 
' typical samples, T. and II. being metal made 
1 with scrap iron; III. and IV. metal from 
roasted ore smelted in 
Chinese :— 

I. 

Antimony . '94 5 
Iron . . 3*0 

Sulphur . 2*0 

Arsenic . 0'25 

Gold . trace# 


l in ■ 

a blast 

furnace; V. 

II. 

III. 

IV. 

V. 

84-0 

V>7-2 

96-0 

08-20 

100 

2'5 

40 • 

0146 

60 

0*2 

0'75 

0-37 

10 

01 

0'25 

0-148 
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All these impurities, except lead, can be 
removed by slagging with oxidising, sulphurising, 
or chlorinating agents. The usual fluxes are : 
Glauber salt and charcoal, which remove copper 
and iron as sulphides, and arsenic as sodium 
arsenate; and antimony glass (antimony 
oxysulphido) which eliminates sulphur. Chlor¬ 
ides, such as salt or caruallite, must be used 
with caution, or great loss by volatilisation may 
result. 

Refining in crucibles finds its chief application 
in the English process. The ‘star bowls’(y..s.) 
aro cleaned /rom slag by chipping with sharp 
hammers, and the metal is then oroken small 
and melted with 2-3 p.c. of antimony flux, pro- 
pared by melting together American potashes 
and powdered stibnite in varying proportions 
(approximately 3* parts potashes and 2 parts 
atibnite) until, by experiment, the correct com- i 
position is found. The refining is carried out j 
in the pots nearest the grab's, and fakes 30 
minutes to 1 hour, the charge for each crucible 
being 84 lbs. The finished product is run into j 
8-lb. ingots, which are carefully coveied wifh 
slag and allowed to cool without disturbance. | 
The coal consumption is large, but is . com- I 
pensated by a much smaller loss by volatilisation J 
than occurs in otlior processes. 

Rrfimng in reverberatory furnaces is used at 
Milleschau, B&nya, Siena, and Oakland. It is 
imperative that the bed of the furnace should 
be tight and able to withstand the aetion of the 
alkali flux, and this is best attained by making 
it of one solid piece of soft, weathered granite. 
A fairly good substitute for the granite i.s a 
mixture of burnt and raw clay well rammed into 
an iron box. An example of such a process is 
that recommended by Jlelmhaeker and used at 
Milleschau (Berg. u. Hiitt. Zeit. 1883, 191 ; and 
Dmgl. poly. J. 250, 123). 

« A ‘ glass of antimony ’ is prepared by fusing 
a mixture of the crystalline antimony oxide 
which collects on the hotter portions of the flues 
with sulphide of antimony, until it forms a 
glassy dark grey or browTi mass; this is mixed 
with the carbonate for the purification of the 
metal, and is occasionally used alone where tho 
metal is but slightly impure 

Tho bed of tho furnace is boated to a cherry 
red and 600 to 700 kilos, of crude antimony . 
placed on it; a quantity of oxido and some | 
arsenic escape, and in from 30 to 60 minutes the j 
metal has run down. From 3 to 7 p.c. (according I 
to the purity of the metal) of carbonate of soda, 
sometimes mixed with coal or coke, ie then added 
The metal is thus covered and fumes less, small 
jots of flame appearing occasionally on its sur¬ 
face ; tho temperature is raised, the metal 
remaining under the slag for from 1 to 3 hours 
(determined by the workman), the slag then 
becomes thick, and is removed bv drawing it 
through tho door with a long-handled flat 
transverse iron. 

Three p.c. of antimony sulphide and 1| p.c. 
of oxide are then thrown on the surface of the 
mate l, and when melted 4£ p.o. carbonate of 
potash, or of a mixture of carbonate of potash 
and soda, are added. By this means the iron 
and kft traces of sulphur are lemoved; in 
less than 15 minutes the refining is complete, and 
the critical operation of ladling is performed. 
A cast-iron hemispherical labile, holding 15-20 

i 


kilos., is riveted to a chain hanging from the 
roof exactly in front of the working door, before 
which the cast-iron moulds for receiving the 
metal are arranged on a stone table. The work¬ 
man dips his ladle obliquely, removing some slag 
with the metal; part of this is first poured 
into the mould to prevent the metal from 
actually touching the mould, and the metal is 
well covered with the slag and left at rest. 
Unless this be done the * starring ’ will be im¬ 
perfect, and, as this is considered a test of purity, 
its value will be lowered in the market. The 
slag may generally be used again. The oxide 
condensing in the flues is removed as seldom as 
possible, as this operation, as well as the fumaoe 
work, is very injurious to the workers. 

Star antimony usually contains small 
amounts of iron, lead, sulphur, and arsenic, but 
can be further purified by Liebig’s method, 
which consists m fusing the metal successively 
with 12 p.c. sodium ..carbonate and 6 p.c. anti¬ 
mony sulphide, and again with sodium carbonate 
to which a little nitre has been added. 

The following aro typical analyses of com¬ 
mercial antimony (v. Min. and Sci. Press, 
duly 10, 1915). 



Cookmin’b. 

Hallett’s 

Japanese. 

Chinenc. 

Lead 

. 0-041 

0-609 

0-424 

0-018 

Tm ( 

. 0*035 f 

0-175 

0-012 

0-035 

Arsenic 

. trace 

trace 

0 095 

0-017 

Copper 

. 0-040 

0-038 

0043 

0-008 

Iron 

. 0010 

0014 

0 007 

0-007 


When ‘ pure,’ and cast under correct con¬ 
ditions, a beautiful fern leaf or ‘ star ’ appears 
upon the surface of antimony, and according to 
the length and form of this * star ’ on the ingot 
its quality is decided. Although the ‘star’ is 
accepted as a criterion for the purity of the 
metal, it is really only a rough guide. It is no 
guarantee that the metal is more than 99 p.c. 
pure, os it may he produced with inferior metal, 
while the very best metal may show an imperfect 
star or none at all if not properly cost. It is 
this peculiar characteristic of pure antimony to 
crystallise on the ingot in the fern-leaf or star 
form when cooling, which originates the trade 
term of ‘ star antimony ’ for good quality of 
antimony. 

For pharmaceutical purposes it. is important 
to preparo antimony quite free from arsenic. 
This may be accomplished by Wohler’s method. 
A mixture of 4 parts powdered commercial 
antimony, 5 parts sodium nitrate, and 2 parts 
sodium carbonate (to prevent the formation 
of insolublo antimony arsenate) is thrown into 
a red-hot crucible. Combustion takes place 
quietly, tho mass is pressed together and more 
strongly heated for half an hour, so as to become 
pasty without fusion, being pressed down as it 
rises from evolution of gas. While still hot 
and soft, it is removed, reduced to powder, and 
boiled with frequent stirring in water, the finer 
powder is poured off with tho water, and the 
residue again treated, the washings being mixed 
with that first obtained. The water, which con¬ 
tains the whole of the arsenic but no antimony 
(Meyer), is removed from the insoluble portion 
by subsidence, decantation, and filtration. The 
residue of sodium antimonate should be white, 
but the presence of load imparts a yellow oolour. 
| It is dried and fusod with half its weight of oream 
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of tartar at a moderate heat, cooled, broken into 
small Jumps, and the potassium and sodium 
removed by digestion in water. The powdered 
metal is then fused into a button. 

This method may be used quantitatively for 
the separation of antimony from arsenic. If the 
sodium nitrate be replaced by potassium nitrate, 
a portion of the antimony will enter into solu¬ 
tion with the arsenic as potassium antimonato 
(v. C. Meyer, Annalcn, 46, 236; Chem. Zentr. 
1348, 828). Arsenic may also be completely 
removed by fusing the antimony in succession 
with 1st, potassium carbonate ; 2nd, potassium 
nitrate; 3rd antimonic oxide ; 4th, potassium 
carbonate (Th. Martins, Kastn. Arch. 24, 253), 
or by fusing three times with fresh portions of 
sodium or potassium nitrate. 

Duflos (Kastn. Arch. 19, 56) recommends a 
rocess in which the arsenic is driven off as 
uorido by moans of sulphuric acid and fluorspar. 
(See further Schw. 42. 501 ; also Buchner and 
Herborger, Report. 38, 381, 256.) 

Pure antimony may be obtained by heating 
tartar emetic to low redness and digesting the 
resultant mass in water to remove the potassium. 
The powder thus obtained may be then dried 
and fused into a button. 

(jlroscliuff (Zcitsch. anorg. Chom. 1918, 103, 
164) describes the following method of preparing 
chemically pure antimony. Antimony tri¬ 
chloride or pentaelilorido is purified by distilla¬ 
tion and converted into ehlorocuitimonic acid. 
The chloride is diosolvod in concentrated hydro¬ 
chloric acid, and chlorine is passed in until the 
solution becomes greenish-yellow, and then 
hydrogen chlorido is introduced. After purifica¬ 
tion by recrystallisation, the chloroantimomc 
acid is hydrolysed to antimonic acid, which is 
reduced to motal by fusion with potassium 
cyanide. 

Tests for Impurities in Antimony. 

Sulphur . The powdered metal evolves sul¬ 
phuretted hydrogen gas (which blackens load 
paper) on heating with strong hydrochloric 
acid. 

Arsenic. If deflagrated with \ its weight 
of sodium nitrate, boiled with water and filtered, 
the arsenic enters into solution, leaving th© 
antimony behind ; the solution is saturated with 
sulphuretted hydrogen (if an orange precipitate, 
consisting of antimony sulphide, falls, this must 
be filtered quickly ; it is due to the presence of 
a trace of antimony in the solution). The 
arsenic is deposited as the lemon-yellow sulphide 
on standing. 

Lead and copp<r. The metal is powdered 
and treated with diffite nitric acid, evaporated 
nearly to dryness, taken up with water and 
filtered; the addition of sulphuric acid precipi¬ 
tates white lead sulphate, and tho addition to 
the filtrate of potassium ferroevanido gives a 
brown precipitate in presence of copper. 

If sulphur as well as lead be present in tho 
antimony, tho lead is converted at once into 
sulphate by the action of nitric acid, the residue 
on evaporation is digested with yellow am¬ 
monium sulphide, which dissolves the antimonic 
oxide and leaves black lead sulphide. 

Iron. The powdered metal is ignited with 
three parts nitre and washed with boiling water, 
the residue is boiled with hot dilute hydrochloric 


acid ; on the addition of potassium ferrocyanido 
a blue precipitate is produced. 

Detection of antimony . When fused on char¬ 
coal with potassium cyanide or sodium carbonate 
or a mixture of the two, antimonial compounds 
produce a brittle white bead of metallic antimony 
with white fumes and a white incipstation on 
tho charcoal; the bead loaves a white residue 
on treatment with nitric acid, which is soluble 
m cream of tartar or tartaric acid. Sulphide of 
antimony melts readily in the candle flamo. 

A delicate confirmatory test, given by 
Crookes, is to add to the white incrustation on 
the charcoal one drop of ammoifium sulphide, 
when the formation of tho orange sulphide is 
conclusive evidence of the presence of antimony. 

Estimation of antimony.—Wet assay. — (a) 
Gravimetric. In tho case of ores and products, 
a weighed quantity is fused with sodium 
hydrate and a little potassium nitrate, flio 
fn.M'd mass is extracted with water and' a 
little hydrochloric acid if necessary. Tho 
solution obtained is filtered, and if much 
residue remains, it. is re-fused. A few grammes 
of tartaric acid and excess of oxalic acid are 
added, and hydrogen sulphide is passed through 
the solution first cold and then after heating. 
The sulphide precipitate is filtered off and 
digested with sodium sulphide and filtered. 
To tho solution, hydrochloric acid and potassium 
chlorate are added, and it is boiled until free 
from chlorine. The acidity of the solution is 
adjusted to 50 p.c., hydrochloric acid and 
hydrogen sulphide passed to precipitate arsenic, 
which, if present, is filtered off. The solution is 
diluted to three times its volume, and is ready 
for tho precipitation of the antimony. In the 
case of alloys containing antimony, those are 
dissolved in hydrochloric acid with the aid of 
potassium chlorate to the sSlution, excess of 
tartaric acid is added, and it is poured into a 
solution containing soda m excess. The solution 
is digested, filtered, and the precipitate washed 
with sodium sulphide solution. The filtrate is 
acidified with hydrochloric acid, potassium 
chlorate is added, it is then foiled until free from 
chlorine, and excess of oxalic acid is added. In 
either ease hydrogen sulphide ie now passed into 
the cold solution tor 20 minutes. Then, without 
stopping the current of gas, the solution is heated 
to boiling, and the gas allowed to pass for another 
15 minutes. The resulting precipitate of sul¬ 
phide may then be subjected to one of two 
methods of treatment. It may be collected 
on a tlooch crucible, washed with hot dilute 
acetic acid, saturated with hydrogen sulphide, 
and heated to constant weight at 230° in a 
current of carbon dioxide. Or the precipitate 
may be collected on a filter, washed successively 
with hot water, alcohol, equal parts alcohol 
and carbon disulphide, alcohol, and, finally, 
ether, and then dried. The greater part of the 
precipitate is transferred to a watch-glass, and 
that still adhering to the paper is dissolved in a 
little hot ammonium sulphide, and the solution 
allowed to run into a weighed porcelain cru¬ 
cible. This is then evaporated to dryness, the 
main portion of the precipitate added, and the 
whole treated with fuming nitric ^cid and 
warmed, the crucible bemg covered with a 
watch-glass. When tho violent action has sub¬ 
sided, the contents of the crucible are evaporated 
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to dryness, again treated with nitric acid, and 
finally evaporated to dryness and heated to 
redness till the weight is constant, l^e anti¬ 
mony is then weighed as tetroxide. 

(&) Volumetric. The most important volu¬ 
metric iqethod is that of Mohr, in which anti¬ 
mony tnoride or any antimonious compound 
is dissolved in a solution of tartario acid, neutra¬ 
lised with sodium carbonate, treated with a 
cold saturated solution of sodium bicarbonate 
in the proportion of 10 c.c. to each 0*1 gram 
Sb 2 0 8 , and quickly titrated with Nf 10-iodine 
solution, usinp starch as indicator. 

(c) Electrolytic. Classen and others have 
shown that if antimony sulphide (?>.s.) is dis¬ 
solved in the minimum amount of concen¬ 
trated solution of sodium sulphide, and treated 
with excess of s/xhum sulphite, or, better, 
potassium cyanide solution (to destroy poly- 
sfilphides), the liquid can bo successfully electro¬ 
lysed in the cold with a current of 0'25-4)\5 amp., 
using a platinum dish as cathode. The process 
takes about 12 hours, and gives a good coherent 
deposit of metal which can be washed with 
water, alcohol, and ether, and finally dried and 
weighed. 

j Properties oj Antimony. 

Antimony is a lustrous, bluish-white metal, 
which has a coarsely laminated or granular 
structure, according as it has been slowly or 
quickly cooled. By partial solidification it 
can be obtained in obtuse rhombohedra, 
approximating to cubes. 

The sp.gr. of the metal is r) , 72-fi , 86. It 
melts at 030'5° C. (Heycock and Neville, Chem. 
Soo. l^ans. 1895,180), and boils at about 1500° (J. 
in a curront of hydrogen. Antimony has a 
hardness of 3--3T*, and is so brittle that it can 
readily be powdered. It is a bad conductor of 
heat and electricity. 

The most important physical property of 
antimony is that of expanding on solidification, i 
a property possessed also by its alloys. At j 
tho ordinary temperature it is not acted on by 
the air, but oxidises quickly on melting, and 
burns at a red heat, producing white fumes of 
the trioxide. It is oxidised by nitric acid of 
various strengths, dilute acid producing princi¬ 
pally the trioxide, and tho concentrated acid 
producing the pentoxide (If. Rose, Analyt. 
Chem. 1, 258). Dilute sulphuric and hydro-■ 
chlorio acids are without action on it, but the 
strong acids produce the sulphate and chloride 
respectively. When fused with borax or other 
vitrifying material, it imparts to thorn a yellow 
colour. 

Antimony combines directly with tho halo¬ 
gens with evolution of light and heat, and also, 
at a higher temperature, with tho elements of 
the sulphur group, and with phosphorus and 
arsenic. The clement occurs in three modifica¬ 
tions: (1} the crystalline or ordinary form 
described above; (2) an amorphous yellow 
modification, soluble in carbon disulphide,\vhieh 
is produoed by the action of oxygen on liquid 
stibine at —90°; and (3) tho amorphous ex¬ 
plosive antimony, which is best propared by the 
action qfaa weak constant electric current on a 
concentrated acid solution of antimony tri¬ 
chloride, the strength of current bearing a con¬ 
stant relation to the surface qf deposition, not 


less than £ grain being deposited per aq. inch 

f ier hour. Thus produced, it is bright and steel 
ike in appearance, with an amorphous frac¬ 
ture and sp.gr. 5*78. When heated to 200°, 
or struck or scratched, it rapidly changes into 
the crystalline form, increasing in density, with 
the production of great heat. Antimony tri¬ 
chloride is always contained in the metal to the 
oxtent of 4’8-7'9 p.c., and is given off when 
tho form changes. It is probable that this 
substance is a solid solution of an antimony 
halogen compound in an allotropic form of 
antimony, and that the explosion consists in the 
rapid transformation of the latter into the stable 
form. The change is accompanied by an evolu¬ 
tion of heat amounting to 20 cals, per grain. 
Cohen and others (Zeit. physikal. Cham. 1904, 
47, 1 ; 1905, 50, 291 ; 52, 129) have shown 
that tins change goes on slowly when explosivo 
antimony is preserved. 

Antimony is precipilatod as a fine powder by 
the action of zinc on an acid solution of an 
antimony salt. In this form it is sold as ‘ iron 
black ’ for producing an appearance of polished 
steel on papier niacin*, plaster of Paris, and zinc 
ornaments. 

Brass can bo covered with a fino lustrous 
coating of antimony by dipping m a hot mixture 
of l part tartar emetic, 1 part tartaric acid, 3 or 
4 payts powdered lyirimony, 3 or 4 parts hydro¬ 
chloric acid, and 3 parts water. 

It may be deposited electrolytically on brass 
or copper by using a bath of the double chloride 
of antimony and ammonia acidulated with 
hydrochloric acid. 

Alloys oj Antimony. 

Antimony alloys with most of the heavy 
metals and with the alkali motals. It dissolves 
in a solution of sodium in liquid ammonia. 
It generally increases the fusibility, brittleness, 
and hardness of the metals with which it is 
alloyed, and imparts the valuablo property of 
expanding on solidification, thus producing very 
lino impressions. The sharpest impressions 
are pioduced when any of these alloys are east 
at a low temperature (J. Soc. Chem. Ind. 1, 
982). The castings are usually made in brass 
moulds coated with lampblack and turpentine. 

With lead, antimony alloys readily in all 
proportions. An alloy of equal parts of lead 
and antimony is very brittle, and rings when 
struck. Nasmyth has recommended the addi¬ 
tion of 5 p.c. antimony to load for use instead of 
bronze in taking casts of works of art (Athenamm, 
No. 1176, 611). 

Type metal is essentially an alloy of lead and 
antimony, frequently with addition of tin and 
containing less frequently copper. A few 
examples of common type-metals are; 


Type metal 

Lead Antimony 

Tin 

Copper 

55 

30 

15 

— 

„ 

70 

18 

10 

2 

„ 

77'5 

10 

6 5 

— 

Stereotype plate 

82 

15 

3 

_ 

85'7 

14-3 


_ 

Linotype metal 

82-5 

13 

45 

_ 

81-5 

13-5 

2 

_ 

» » 

85 

12 

5 

— 


Tho alloys, containing varying proportions of 
antimony, are also used, under the name of hard 
lead, in lead pipes, for making pumps and taps 



ANTIMONY. 


for raising acid in alkali works, in the manu¬ 
facture of shrapnel and shot, and for the emery 
wheels and tools of the lapidary. 

Tin forms numerous useful alloys with anti¬ 
mony, especially with the addition of other 
metals. Common Britannia melal contains 
tin 94, copper 1, antimony 5. Britannia metal 
for castings: tin 90’0, copper 0*2, antimony 9'2. 
The best Britannia metal contains tin 90, 
antimony 10, lead and bismuth being carefully 
excluded. Copper also is never added except 
for the production of colour. Increasing the 
proportion of antimony raises the m.p., increases 
the hardness, and decreases the malleability of 
the alloy. Good alloys take a brilliant polish, 
and show a fine-grained, jagged fracture. The 
presence of arsenic in the antimony diminishes 
the ductility of the product. 

Metal argentum contains tin 85*5, antimony 
14 5. 

Ashbury metal: tin 77’8, /.me 2’8, antimony 
19 4. Ships’ nails, tin 5t), lead 33, antimony 17. 

Mmofer is tin 08‘5, antimony 18*2, copper 
3*3, and zino 10. 

Bearing or anti-friction metal usually contains 
antimony, tin, lead and copper, but the composi¬ 
tion is very variable. As the name indicates, 
it is used for machinery bearings, being especially 
suitable for light loads at high speeds. As 
examples of these alloys fjic following 'fiay he 


given :— 

Antimony Tin 

Copper 

Lead 

Babbit’s metai'. 

8*3 

83*3 

8*3 

— 

Railway bearings 

15 

8 

2 

75 

13*5 

11 5 

3 

72 

U.S. Rly. Babbit metal 
German Rly. Babbit 

10 

51 

2 

37 

7*4 

88*9 

3*7 

— 

metal , 

11*1 

88*3 

5*6 

— 


Copper. The presence of 0*15 p.c. of anti¬ 
mony renders copper both cold and hot short. 
With varying proportions of the two metals, 
shades from pure copper-red to rose-red, crimson, 
and violet may be obtained, the last when equal 
parts of each are present. Two definite com¬ 
pounds of copper and antimony appear to exist, 
viz. SbCu 2 , a Molet alloy known as ‘ llegulus of 
Venus,’ and 8b(Ju 4 (Kamensky, Phil. Mag. [5] 
17,270, v. also Ball, t’hem. Soc. Trans. 1888,167). 

Antimony is sometimes added to brass to 
heighten its colour. These alloys are harder and 
finer in texture than copper or brass, and take a 
better polish, and are sometimes used for con¬ 
cave mirrors. 

Zinc.. Antimony forms alloys with zinc, 
which decompose water rapidly at the boiling 
temperature, and this action is promoted by the 
presonoe of traces of platonic chloride. Cooke 
has suggested the suitability of this reaction 
for the preparation of pure hydrogen. 

Melted gold absorbs the vapour of antimony, 
but gives it up almost entirely on further heating. 
Gold loses its malleability when ^ of antimony ; 
is present. An alloy of 9 gold and 1 antimony | 
is white and very brittle, with an amorphous 
porcelain-like fraetme. Silver autimonide occurs 
as the mineral discracite. C. 0. B. 

Compounds of Antimony. 

The principal compounds of antimony are 
formed by combination with oxygen, sulphur, 
and chlorine ; some compounds contain two of 


36! 

these n^ative elements, of which the oxychloride 
or ponder of Algarotk, and the oxysulphide or 
glass of antimony are examples. 

The most important of these are the tri¬ 
chloride, trisulphide, and trioxide. 

Antimony trisulphide Sb 2 S 3 . 

Crude antimony , antimony ofe, eesquisul- 
phide of antimony ; Sehwefelspiessglanz; Qrau- 
Spiessglanzerz ; Stibium sulphuratum nigrum ; 
lupus melallorum. 

This substance, as it occurs naturally, br after 
liquation, is usually too impure to be employed 
for other purposes than the preparation of the 
metal. 

Tho ordinary sulphide may be prepared by 
the following methods : — 

(1) Thirteen parts pure antimony are mixed 
with 5 parts flowers of sulphur, and projected in 
portions into a red-hot crucible; when com¬ 
pletely fused, it is poured out and any free metal 
detached. 

(2) Sulphuretted hydiogen prccipitatos it as 
an orange precipitate from a solution of an 
antimony salt. 

(3) Digest for two hours in a closed vessel 

I part crude antimony sulphido, 1 part pearl 
ash, li parts lime,. and 15 parts water, and add 
sulphuric acid ; the alkaline sulpho- salt first 
formed is decomposed by the acid with.the pre¬ 
cipitation of tho pure sulphulo. Antimony sul- > 
phide is soluble in alkaline sulphides and in’ 
acid potassium sulphate. When finely powdered 
and rubbed to a paste at 20° or 30° uith strong 
sodium sulphide solution, a coppery metallic 
mass is produced, and tho liquor, on addition of 
more sodium sulphide, yields Schlippe’s salt. 

The sulphido is used to some extent in re¬ 
fining gold from silver and copper, and in the 
preparation of safety matches and percussion 
pellets for cartridges, in pyroteebny and in 
veterinary surgery. • 

Kermes mineral. Brown-red antimony sul¬ 
phide. Pulvis Cdrthus i a norum. Sulph. slibia - 
turn rubrum. 

Kermes mineral usually consists of a mixture 
of the trisulphido and trioxirte containing alkali. 
Berzelius and Rose state that some samples 
examined by them consisted of a true double 
sulphido of potash and antimony. 

Prepfhration .—Fuchs asserts that if antimony 
sulphide is heated and suddenly cooled in water 
it yields an orange-rod, less dense powder of 
kermes. A. Ditte (Compt. rend. 102, 212) docs 
not confirm this statement. 

(1) Four parts pure potassium carbonate and 

II parts pure antimony sulphido are heated to 
fusion in a covored crucible, cooled, boiled with 
water, and filtered. The solution on exposure 
to the air deposits kermes, the residue from the 
first boiling is heated with the mother liquor 
from some previously deposited kermes, and 
yields a further quantity; this operation is re¬ 
peated until an insoluble rosidue of trisulphide 

i and trioxide is loft. Each successive deposit of 
; the kermes contains a larger amount of the oxide. 

! (2) Fuse together 2 parts antimony, 1 sulphur, 

; and 3 sodium carbonate; or, 1 antimony 
sulphide and 3 or 4 tarlaric acid, until fumes 
cease to be evolved; and treat tho product as 

I ^ (1). 

(3) The slags from the reduction of antimony 
! ore with creaqj of tartar slowly precipitate 
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kermes when treated with water; this is sold to 
veterinary surgeons as ‘ kermes by the dry way.’ 
When antimony sulphide is boiled with potash 
and precipitated with an acid, the kermes pro¬ 
duced contains no oxido (Liebig). The kermes 
produced by the action of dilute alkaline car¬ 
bonate on antimony sulphide also contains no 
oxide (Rose). The oxide may be removed from 
ordinary kermes by digestion with tartaric acid. 
A solution containing so much alkali as to give 
no precipitate on cooling gives, when treated 
with carbonic acid gas, a highly sulphurated 
kermes containing antimony pentasulphide. 

Kermes is a brown-red, loosely coherent 
powder, with a brown streak, containing water, 
which is given off below 100°. It is lighter 
than the ordinary sulphide. The kermes con¬ 
taining antimony oyido, when fused and solidi- 
fiejj, is destitute of crystalline structure, while 
that free from oxide produces a highly crystalline 
solid. 

Antimony pentasulphide Sb 2 S 5 . Golden sul 
phide of antimony ; sulphur antnnonn auralmn. 

Prepared by boiling the trisulphide w ith potash 
and ground sulphur, filtering and precipitating 
with acid. Redwood recommends 4 parts black 
antimony sulphide, 8 lime, and 80 water, 
digested, filtered, and precipitated with hydro¬ 
chloric acid; or, 2 sulphide, 4 potassium car¬ 
bonate, and 1 sulphur, to be fused, treated with 
1 20 parts water, filtered, and the solution pre¬ 
cipitated with a large excess of sulphuric acid. 

On treating the mother liquor from kermes 
mineral with an acid, the pentasulphide is pre¬ 
cipitated with evolution of sulphuretted hydro¬ 
gen. The mother liquor from Sehlippe’s salt 
also yields this substance on the addition of an 
acid (R. Bartley, Chom. Soc. Trans. 1876, 1, 
748). It generally contains free sulphur. 

Antimony pentasulphide is of some import¬ 
ance commercially, as it is used in the process of 
vulcanising rubber. 

Antimony pentasulphide combines with alka¬ 
line sulphides, forming sulphantimonates, which 
as well as the sulphantimomtes (which contain 
less sulphur) aro known as 4 livers of antimony.’ 
Of these the sodium sulphantimonate, or 
Schlippe's salt, is the most important. 

A mixture of 11 parts finely powdered anti¬ 
mony trisulphide, 13 crystallised soiltum car¬ 
bonate,. 1 flowers of sulphur, 5 recently slaked 
' lime, and 20 water, is digested at the ordinary 
temperature for 24 hours with frequent 
stirring, in a vessel which can b% closed. It is 
then strained and washed several times with 
water, the solution and washings are evaporated 
in a porcelain or clean iron dish until a sample 
yields crystals on cooling; the solution is then 
cooled, and the resultant crystals washed with 
cold water and dried in the open air or in a 
desiccator at the ordinary temperature. The 
salt is more rapidly formed when the mixture is 
heated (Liebig, Handworter. d. Chem. 2te Aufl. 
2, 139; also (Ira. 4, 384). 

Oxy sulphides of antimony aro formed by the 
' combination of the sulphides and oxides or by 
the partial oxidatiem of the sulphides. 

Antimony crocus dr saffron.. Fuse together 
3 parts oi antimony trioxido and l part trisul¬ 
phide, or fuse the oxide with the calculated 
quantity of sulphur. 

The scoria from the fusion of the sulphide 


with carbon and alkaline carbonate in the pre¬ 
paration of the metal is known as crocus o! 
antimony. 

Crocus of antimony is a brownish-yellow 
body. 

Glass of antimony. Vitrum antimonii. When 
antimony sulphide is fused until the necessary 
amount of sulphide has been converted into 
oxide, the whole forms a glassy mass of this 
compound. The best method of preparation is 
to roast the sulphide completely into oxide and 
fuse the product with ^ part of sulphur. Its 
colour varies with the proportion of sulphur 
iresent from yellowish-reel to hyacinth red. Tho 
>ofit quality is of a fine red colour, and con¬ 
tains 8 antimonious oxido and 1 antimonious 
sulphide 

Antimony cinnabar ia an oxysulphide of a 
fine vermilion colour, soft and velvety, and un¬ 
altered by air or light; it is used in the prepara¬ 
tion of oil and water colours, and in calico-print¬ 
ing. It is prepared 'by dissolving antimony 
oxide in hydrochloric acid, and placing the solu¬ 
tion m a large wooden tub which is $ filled 
with calcium hyposulphite. Tho mixture is 
stirred and heated with steam to 70°, the pre¬ 
cipitate soon subsides as a yellowish sedimont 
which changes to a bright orange-red, and is 
thoroughly washed, and dried below 50°. N. 
Teck 4 Chom, Zentr.,20, 1880) prepared it from 
, 4 parts tartar emetic, 3 tartaric acid, 18 water 
mixed at 60° with hyposulphite of soda and 
hoated to 90°(Wagner), or 4 volumes antimonious 
chloride of Rp.gr. 1T9 mixed with 10 vols. water 
and 10 vols. hyposulphite of 119 sp.gr., and 
; heated gradually to 55 4 (Mattieu Blessy). 

A ntirnony yellow {MtnmAc's yellow). Accord¬ 
ing to tho method of Mcrimee, a mixture of 3 
parts bismuth, 24 parts antimony sulphide, and 
I 64 parts nitre, is thrown little by little into 
a heated cruciblo, fused, powdered, washed, and 
! dried. In this way bismuth antimonate is pro- 
| ducod. Of this I part is mixed with 8 parts 
I ammonium chloride and 128 parts litharge, and 
fused as before. The time occupied and the 
| temperature used cause considerable variations 
in the colour. Mdriintfo’s yellow is a fine per¬ 
manent colour of good body. It is only used 
for the finest painting. 

Naples yellow is essentially an antimonate 
of lead containing excess of lead oxide, but 
mixtures of carbonate and chromato of lead are 
also sold under the name. Many processes may 
be used for its preparation. According to 
j Brunner, a mixturo of 1 part tartar emetic, 2 
I parts lead nitrate, and 4 parts sodium chloride is 
1 heated, just to fusion, for 2 hours. The cooled 
i mass is placed in water and soon falls to pieoes. 

; According to Guimot, it may bo produced by 
heating a mixture of 1 part potassium antimo- 
nato and 2 parts red lead. It is a fine very 
I permanent orange or yellow pigment, used in 
| oil-painting, and, mixed usually with a lead glass, 
' for glass and porcelain staining. 

Antimony trichloride (Butter of antimony). 
j Prepared by dissolving tho sulphide in strong 
hydrochloric acid with a small quantity of nitrio 
acid and evaporating to dryness. 

To prepare the pure chloride, the aoid solu¬ 
tion is evaporated until it just orystallises on 
standing in a cool place; it is then transferred 
to a retort and distilled until a drop of the dis- 
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tillate solidifies on a cold surface; the receiver 
Is then changed, and the further distillate is 
pure. 

It is a white, buttery, somivitreous, delique- 
soent solid. When pure, it is crystalline, and 
melts sharply at 73-2°, and boils at 223*5* 
(Beckmann, Zeitsch. anorg. Chem. 1906, 61, 96). 
It is used as a caustic in medicine, for tho pre¬ 
paration of tartar emetic, and as a ‘ bronzing 
solution ’ for gun-barrels, &c. For this pur¬ 
pose a saturated solution is mixed with olive oil, 
rubbed over the warmed metal and exposed to 
the air until the proper colour is produced. 
When bronzed, the metal is polished with a 
burnisher or with wax, or coated with a varnish 
of 2 oz. shellac, 3 drachms dragon’s blood, dis¬ 
solved in 2 quarts of methylated spirit. 

Antimony oxychloride. Basic chloride ,' 
powder of Algaroth; pulvis Algarothi; 8. 

Argelicu8 ; mercurius vilce, &c. 

Water is added to a solution of tho trichlor¬ 
ide until it is distinctly £urbid, when it is filtered 
(the precipitate carries down any traces of sul¬ 
phuretted hydrogen which may be present, and 
which if left would soon turn the substance 
yellow). Five to ten volumes of water are added, i 
and the preoipitate is washed with cold water 
and filtered. Its composition varies with tho' 
temperature at which it is produced and tho | 
amount of water used, vnr> mg between* SbOCI 
and, whero a very largo amount of water has 
been used, Sb 2 0 3 . It is a w hite powder, niuUis ! 
principally used for the preparation of pure 
antimonione oxido and tartar emetic. 

Antimonious oxide Sb 4 0„. Tnoxide of anti -1 
mony. If antimony is powdered and heated in 
a shallow dish, it eventually forms antimony | 
tetroxide Sb,0 4 ; this, together with tho un¬ 
changed metal, is fused in a crucible, when 
the tetroxide and antimony react, forming anti¬ 
monious oxide, tho excess of antimony sinking 
to the bottom of tho crucible. 

For phai maceutical purposes 20 parts of finely 
powdered antimony sulphide are gradually added > 
to 100 parts hydrochloric acid containing 1 part 
nitric acid, and heated, gently at first, and \ 
then more strongly, until sulphurotted hydrogen ' 
ceases to be evolved. It is then boiled for an 
hour, enough water is added to produce a slight 
precipitate, which removes the last traces of sul¬ 
phuretted hydrogen, and filtered into a vessel 
containing 1 gallon of water, precipitating the 
oxychloride, which is filtered and w-ashed until 
it ceases to have an acid reaction ; it has then 
become converted into the trioxide. 

It is a white fusible solid, slightly soluble 
in water, volatile at a red heat. It becomes 
further oxidised to the* tetroxide Sb 2 0 4 on 
heating in air, and is then non-volatilc. 

In presence of alkalis it absorbs oxygen; 
for this reason it has been proposed to use it for 
reducing nitrobenzene to aniline, and in the 
preparation of aniline red. 

It is used for the preparation of tartar emetic. 
When ground with linseed oil it is sometimes 
•used as a substitr. „e for white lead, being less 
injurious to the workmen and less acted upon by 
sulphur gases ; it has, however, less ‘ body * and 
us more expensive. 

Tartar emetic. Potassium anUmony tartrate. 
Tartarus stibiatus. Brechweinstein ; spimglanz - 
weinstein. 2C 4 H 4 K(Sb0)0„H 8 0. Throe parts 


antimonious oxide and 4 cream of tartar are 
made into a thin paste with water and digested 
for about half an hour, keeping the water at 
constant volume; 8 parts of water are then 
added, boiled, and filtered whilst hot. The 
oxychloride or oxysulphide may be substituted 
for the oxide, but not satisfactory. 

Tartar emetic forms octahedral crystals, 
which give off a part of their water on exposure 
to the air. They dissolve in 14-5 parts cold and 
in 1*9 parts boiling water. They show an acid 
reaction with litmus, and have a nauseous 
metallic tasto, 6-10 centigrams causing vomiting, 
and larger quantities being very poisonous. 

It is used in medicine and m the preparation 
of pomades, &c., and also largely as a mordant 
in dyeing and calico-printing. Mixtures of 
tartar emetic for mordanting are sold containing 
as much as 33-59 p.c. zinc sulphate at a lgwer 
price, under the names tartar emetic powder, 
tartar emetic substitute, antimony mordant, &c. 

It is lmow'n that zme acetate may partly replace 
the tartar emetic with advantage, but the 
sulphate appears to bo a simple adulterant (H. 
Smid, Chem. Zeit. 1882, 949). 

Several other compounds of antimony have 
been proposed for mordants instead of tartar 
emetic. K Jacquet (Dingl. poly. J. 267, 168) 
advised the use of a mixture of basic antimony 
oxalate with tw'ice its weight of ammonium 
oxalate. Nblting recommended the double 
oxalate of potash or of ammonia and antimony 
(Dingl. poly. J. [3] 255, 122). It is stated that 
the latter compounds have long been used under 
other names. 

The use of the fluoride (which is not pre¬ 
cipitated with excess of water) and the double 
fluorides of antimony and the alkalis has been 
patented by S M‘Lean. Watson, jun., patented 
a process fur using trichloride with sufficient 
common salt to pievont the precipitation of the 
oxychloride ((1. Watson, J. Soc. Chem. Ind. 

1886, 5, 591; B. W. (krland, J. Soc. Chem. Ind. 

1884, 4, (543 ; and Kopp and Brubre, J. Soc. 
Chem. Jnd. 1888, 566). A double salt of anti¬ 
mony fluoride and ammonium sulphate SbF 8 
(NH* 4 ) 2 S0 4 , know'll as ‘ antimony salts,’ is also 
used in dyeing, but as it attacks glass as well as 
metal, it should be stored and worked in wooden 
vessels. A good bath is 100 litres water, 400 
grams antimony salts, 200 grams soda crystals, 
at a temperature of 50° (Frey, Bull. Soc. Md. 
Mulhouse, 1888, 301). 

1 Tartar emetic as a mordant has, at the 
present time, been largely superseded by the 
double oxalate of potassium and antimony, as 
it is cheaper than the tartrate, and equally 
efficient, although it contains less antimony. 

F. During has recommended tho use of 
j the double lactate of antimony and calcium, 
j which can readily bo obtained by mixing, 
j in the dry state or in solution, alkali lactates 
| with ‘ antimony salts,’ or other antimonious 
compounds (Farber, Zeit. [20] 319). He states 
that at least 80 p.c. of the antimony in the • 
solution will actually go into the * cloth as 
mordant. 

ANTIMONY SALTS. A compound of anti¬ 
mony fluoride with ammonium sulpHhte used as 
a mordant (v. Antimony). 

ANTINONIN. Trade name for a solution 
of potassium o-dinitrocresol used as a fungicide. 
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ANTIPERIOSTIN. Trade name for meroury 
iodocantharidate. , 

ANTIPYONINUM. Trade name for sodium 
tetraborate. 

ANTIPYRIN. Phenyldimelhy(pyrazolone (v . 
Pybazole). 

ANTIRRKINIC ACID v. Digitalis. 

ANTISEPTICS v. Disinfectants. 

ANTISEPTINE. Said to be a mixture of 
zinc iodide,zinc sulphate, boric acid, and thyteiol 

ANTISEPTOL. Cinchonidine iodosulphatc, 
used as a substitute for iodoform. 

ANTISPASMIN. Trade name for a com¬ 
bination of narceine and sodium salicylate. 
Used as a narcotic and sedative. 

ANTITHERMIN. Phenylhydrazone of Unm- 
linic acid CH 3 dXN 2 Hdl B H 6 )*CH 2 'CH 2 'C0 2 H is 
obtained by dissolving phenylhydrazine in dilute 
acetic acid, adding an aquoous solution of the 
equivalent quantity of l.vvulmic (acetopropionic) 
acid, and crystallising the resulting yellow pre¬ 
cipitate from alcohol (Farbw. vorm. Meister, 
Lucius & Briining in Iloclist a M , G. R. I\ Pat. 
37737). 

It forms colourless, inodorous, and tasteless 
scales, melts at 98°-99°, is sparingly soluble in 
cold water, soluble in alcohol, ether, or dilute 
acids. It has been employed as an antipyretic 
(Nicot, Chem. Zentr. 1887, 415); but. according 
to Stark (Chora, and Drug, 32, 651), its use in 
medicine is now almost abandoned, as it is too 
toxic for use. 

ANTIVENIN v. Snake Venom. 

ANTOZONE. A supposed third modificat ion 
of oxygen, assumed to be present in the fogs 
produced when ozoiiv- acts on reducing agents 
such as sodium bisulphite or hydriodic acid. 
According to Rothmund (Z. Elcktrochem. 1917, 
23, 170), the phenemenon is due to the volatile 
character of the reducing agent and to be diroctly 
caused by the presence of these substances in the 
vapour phase. 

ANTWERP BROWN v. Pigments. 

ANVULA v . Amlaki. 

AOOD-I-BALSAM. Balsam of Mecca (v. 
Oleorksins). 

APATITE. A crystallised mineral, consist¬ 
ing of calcium phosphate m combination with 
ffuorino, chlorine, hydroxyl, or carbonic acid, 
the formula being (CaF)Ca 4 (P0 4 )j or 3Ca a (P0 4 ) 2 
-{-CaF 2 , where F may be replaced by Cl, OH, or 
C0 3 . There are thus several chemical varieties, 
namely, fluor-apatite, ehlor-apatite, hydroxy¬ 
apatite, carb-apatite, and oxy-apatite ; the last 
two being also called podolitc (V. Chirvinsky, 
1907), and voelckente (A. F. Rogers, 1912) 
respectively. On the composition of these 
several members of the apatite group, see papers 
by A. F. Rogers (1914) and W. T. Schaller (1912). 
Similarly, by partial replacement of the calcium, 
there are the chemical varieties mangan-apatite, 
cupro-apatite, and talc-apatite. In addition to 
these, some other trivial names are applied to 
varieties of crystallised apatite ; for examplo, 
asparagus-stone, from Munca in Spain, moro- 
xite, from Arendal in Norway ; and francolite, 
from Wheal Franco, rgmr Tavistock in Devon¬ 
shire. The distinction between fiuor-apatite 
and chlorjfcpatite is, however, the only one of 
any importance. (For the varieties of massive 
apatite, v. Phosphorite.) 

Apatite is often found as* well-developed 


crystals. These belong to the hexagonal 
system, and are usually oounded by a six-sided 
prism and pyramid with the basal plane, though 
sometimes numerous other brilliant facets are 
resent. The colour is commonly greenish or 
rownish, but sometimes sky-blue, violet, or 
colourless. The crystals may be transparent or 
opaque, and they have a vitreous to sub-resinous 
lustre. Sp.gr 3’2 ; hardness 5 (the mineral can 
be scratched with a knife). Owing to its 
variable appearance, apatito is frequently mis¬ 
taken for other minerals, and it well deserves 
its name, from aircnaw, 1 to deceive.’ In 
determining the mineral, it is always well to test 
for phosphoric acid. 

As microscopic crystals, apatite is present as 
an accessory constituent of igneous rocks of all 
kinds. It also occurs in motamorphic rocks and 
in metalliferous veins. Fine specimens aro 
found at many localities, but only in two 
regions—in Norway an$ Canada—is crystallisod 
apatite mined for commercial purposes. In 
southern Norway, particularly in the neighbour¬ 
hood of Kragero and Oedegaarden, near Bamlc, 
extensive deposits of chlor-apatito occur in 
connection with gabbro (a pyroxene-felspar rock 
of igneous origin). Large deposits of fluor- 
apatito are mined in Ottawa Co , Quobec, and 
in Renfrew Co., Ontario ; here the mineral forms 
bods i»Laurenl ian g*ieiss, usually in association 
with crystalline limestone. In the iron mines 
at Minevillc, m Essex Co., New York, small 
grains of apatite occur disseminated in magnetite, 
sometimes to the extent of 5 p.c. of the maRs. 
Here it is separated by a magnetic process, and 
used for the manufacture of fertilizers. 

On the Norwegian deposits, see J. II. L. 
Vogt, Die Apatit-Ganggruppe, Zeits. prakt. 
Geol. 1895, lii, 367, 444, 405. On the Canadian 
deposits, the various publications of the Canadian 
Geological Survey. Sec also 0. Stutzer, Die 
wichtigsten Lagerstatten dcr * Nicht-Erze,’ 
Berlin, 1911, i. L. J. S. 

APERITOL. A mixture of equal parts of 
valorianyl and acetylphenolphthalein, used as a 
laxative. 

APHTHITALITE. Native sulphate of po¬ 
tassium and sodium, (lv,Na) 2 S0 4 , containing 
K : Na in ratios varying from 3 : 1 to 4 : 3. It 
occurs sparingly as crusts and delicate platy 
crystallisations on Vesuvian lava; these are 
colourless, or often tinged with blue or green. 
Tho crystals are rhombohedral and optically 
I uniaxial, although often simulating ortho¬ 
rhombic forms; and are dimorphous with the 
usual orthorhombic modification of potassium 
sulphate obtained artificially. The same mineral 
has been found at Roealmuto, Sicily, and in the 
potash-salt deposits at Douglashall, near 
Westeregeln, in Prussia. Synonyms are arcanite 
and glasentc. L. J. S. 

APHTHITE. An alloy containing 800 parts 
of copper, 25 of platinum, 10 of tungsten, and 
170 of gold (Zeits. f. d. C. Grossgcw. 4, 313). 
APIGENIN v. Fla von e. 

APIIN. A glucosidc contained in parsley and 
celery, forming on hydrolysis apigenin and a 
disaccharide, made up of a-glucose and a pentose, 
apiose (Vongeriohten, Annalen, 1901, 121), ( v . 
Flavone and Glucosides). 

APIOL v, Oils, Essential. 

APIOSE v. Carbohydrates. 
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APIOS TUBE ROSA (Moench.), Glycine 
apios (Linn.). A leguminous plant from 
North America, the roots of which have been 
proposed as a substitute for the potato, and the 
young seedd for peas. Payen (Compt. rend 28, 
189) gives the following analysis of the root: 
Nitrogenous matters, 4‘5; fatty matters, 0‘8; 
staroh, sugar, &c., 33 55; cellulose, &c., 1*3; 
inorganic, 2 ’25 ; water, 57'8 (rf. Brighetti, Chem. 
Zontr. 1900, i. 914). 

APIUM v. Oils, Essential. 

APIUM PETROSELINUM (Carum pclro- 
sclinum) v. Flavone. 

APOCYNUM v. Digitalis. 

APOLLO RED v. AZO- roLOURINO MATTERS. 

APOLYSIN. Trade name for monophencli- 
dine citrate: antipyretic and analgesic. 

APOMORPHINE v. Opium. 

APONAL. Trade name for amy carba¬ 
mate. 

APOPHOROMETER,. THE (Sublimation 
apparatus). The apophorometer consists essen¬ 



tially of a ribbon of thin platinum, about 
0 cm. long and 4 or 5 mm. wide, stretched 
between two forceps, A, B, provided with 
binding screvvs so that an electric current can 
be sent through the platinum. One of the 
forceps is movable, and is acted upon by a 
light spring so as to keep the ribbon stretchod. 
Beneath the ribbon is a watch-glass, C, held on a 
support which can bo raised or lowered or turned 
to one side. From 5 to 30 mgrms. of the sub¬ 
stance under examination are spread on the 
ribbon, the watch-glass is moved upwards into 
contact with the ribbon and then a second I 
inverted watch-glass, D, is placed ovor the first | 
one as a cover. A current is now passed through j 
the ribbon and gradually increased until the ' 
sublimation temperature is attained. The 
toraperafcure can be estimated with fair accuracy 
by means of an amperemeter. The whole 
apparatus may be placed under a bell-jar, if it 
be desired to work m vneud or in an atmosphere I 
of an inert gas. When necessary strips of thicker 
platinum or moulded strips of carbon may be 
used instead of the thin platinum ribbon. 
Sublimation oxper.ments with this apparatus 
may with advantage bo used instead of blow¬ 
pipe tests for the identification of minerals, and 
details of experiments made with various 
minerals are given (Joly, Phil. Mag. 1913, 25. 
301; J. Soo. Chem. Ind. 1913, 32, 509). 
APOPHYLLITE v. Calcium. 


APOREINE. A poisonous alkaloid found in 
the jpice of Papaver dubium, m.p. 88°-89°. 
Forms crystalline salts, giving a bluish fluor- 
escence in solution. The hydrochloride 
C 1 s H 18 N0 8 ,HC1, 

forms silvory nacreous scales, subliming without 
decomposition in dry carbon dioxide between 
220° and 240°. The neutral (normal) sulphate 
melts at 70°-75°, and when exposed to air and 
light, decomposes, forming a reddish-brown 
powder (Pavesi, Gazz. chim. ital. 1914, 44, 
398). 

APORETIN v. Rhubarb. 

APOTHESINE. Trade name for the cinnamic 
ester of diethyl amino propyl alcohol. Used as 
a local anaesthetic. V . Anaesthetics. 

APOTURMERIC ACID Turmeric. 

APPALLAGIN. Trade name for a mercury 
compound of tetraiodophenolphthalien. 

APPERTOL. Trade name for a preparation 
of sodium bisulphite. Used as a preservative 
and disinfectant. 

APPLE. The fruit- of Pyrus Mains (Linn.). 
Many varieties are known, differing greatly in 
size, shape, colour, and flavour. 

The solid matter of apples consists largely of 
sugars—ls'vuloso, sucrose and dextrose ; their 
acidity is duo to malic acid C a H 4 0(C00H) a . 
In unripe apples starch is present—sometimes 
to the extent of 4 or 5 p.e., but the fully ripened 
fruit is devoid of starch. Cellulose forms about 
1 p.o. of the weight of the ripe fruit, pentosans 
about 0*5 p.o, and pectose matters also about 
05 ]> o. (cf. Schneider, Analyst, 1912, 492). 
Mineral matter is usually between 0 2 and 0'3 p.c., 
and about half of this is potash. Apple peel 
contains small quantities of waxes, similar to 
bees-wax. , 

The following analyses of American Baldwin 
apples show the changes which occur during 
ripening:— 



Very 

green 

Green 

Ripe 

Over¬ 

ripe 

Water 

81-33 

79-81 

80-36 

80-30 

Solids 

18-67 

20-19 

19-64 

19-70 

Reducing sugars . 

6-40 

6-46 

7-70 

8-81 

Cane sugar . 

1-63 

4-05 

6-81 

5-28 

Starch 

4-14 

3-87 

0-17 

none 

Free inalie acid . 

Ml 

— 

0-65 

0-48 

Ash . 

0-27 


0-27 

0-28 


Hotter (Chem. Zentr. 1900, ii. 484) gives the 
following analysis of apple ash :— 



Certain varieties of apples—particularly 
those used for cider-making—are rich in tannin, 
and, when the cells are broken, e.g. by cutting 
the apple or by a bruise, so as to admit air, a 
browning takes place—probably by the action 
of an oxydase upon the tannin. 

Otto (Bied. Zontr. 1901, ii. 653; and 1902, 
31, 107) found that the percentage of water 
increases during ripenirfg on the tree, but di¬ 
minishes on storing, that the starch? diminishes 
and finally disappears, while the cellulose 
remains constant. The nitrogen increases during 
ripening on thq tree, but afterwards diminishes. 
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The acidity diminishes during ripening, both 
before and after gathering. , 

The following figures relate to South-African 
apples (Ingle). The flesh and rind of the ripe 
fruit, the core and pips being rejected, con¬ 
tained :— 


apples * used in confectionery and per¬ 


Variety 

Koo 

1 Rei- 
! nette 

1 de 
Canada 

Nor¬ 

thern 

spy 

Vers- 

feld 

1 Lord 
Wolse- 
ley 

Water . 

i 

85-08 


82-64 

87-05 

84-41 

Dry matter 

14-92 

— 

17-36 

12-35 

15-59 

Ash 

0-313 

— 

0-202 

0-270 

0-268 

Acidity (as 

malic acid) . 

0-47 

0-65 

0 48 

1 

0-71 

0-47 . 

Reducing sugars 

7 ■« 

C-87 

10-20 

9-19 

10-85 

Cantf sugar 

4-63 

3-68 

4-77 

1-30 

1 -58 

Nitrogen 

! 0-046 

0-091 

0 058 

0-057 

0-043 

Crude fibre 

i 

1 -24 

1-26 

— 

0 88 ■ 

Peroent.inash: 

Potash 

1 

54-48 


’ 48-52 

53 30 

51-58 

Lime . 

! 2-63 

| - 

1 -951 

1-82 

2 70 - 

Silica . 

1-61 

— 

J 58 

1-25 

0-90 

Phosphorus 

pentoxide. 

11-15 

_ 

1210 

8-09 

1 

12-16 

Sulphur tri¬ 
oxide 

2-46 


2-67 I 

3-13 

] 

3-10 jt 

Chlorine 

0-50 


0-89 

1-02 

1-00 1 


fumer^ 


H. I. 


APPLES, ESSENCE OF, v. Apples. 

APPLE-PULP (pomace) forms a by-product 
of cider manufacture, and has the following 
composition (8 samples): Water (p.c.) 68 4-78 1 
fat (ether extract), 0'82-1'43 ; protein, 1 03 
1*82; crude fibre, 4-42-10-5; ash, 0*56-2’27 ; 
carbohydrates (sugar, &c.), 9-5-22-0. Most 
stock eat it readily, and it is a satisfactory 
feeding stuff if given as an adjunct to more 
concentrated foods. It must be given fresh, 
for it undergoes fermentation and putrefaction 
so rapidly as to be unfit for consumption in two 
or three days in warm weather. When dried it 
may be used in the manufacture of compound 
cakes and poultry feeds. If mixed with salt 
it may be preserved if tightly pressed in a silo. 
It usually contains from 0"2-0"6 p c. of potash, 
0*4 to 0’7 p.c. phosphorip acM, and 1*6 to 1-7 p.c. 
nitrogen, and makes an excellent manure, if 


of 


Agriculture, 1915,’ 22, 851). See 


APPLE TREE. 

’.; Apfel, Gcr.) 


(Pyrus mains , L. ; Pomme, 
The wood is much used in 


The proportions of lime found in these apples j 
are apparently lower than thoso usually found 
in American apples, while the figures for phos¬ 
phorus pentoxide and chlorine are higher. 

Under normal conditions, the starch present 
in unripe apples is converted, during ripening, 
into sugar by the«diastase present, but if the 
unripe apples be bruised, this change is incom- 

f >l®te in the bruised portion, and starch may be 
ound in the browned tissues. According to 
Warcollior (Compt. rend. 1905, 141, 405), this 
is due to the paralysing effect upon the diastase 
of the tannin which escapes from the bruised j 
cells (and which, by the action of an oxydase, j 
gives rise to the browning), thus preventing the j 
saccharification of the starch, upon which \ 
normal ripening depends. 

According to Eoff (J. Ind. Eng. ('hem. 1917, 
9, 587), the preponderant sugar, in all the twenty 
varieties examined, was la:vulose. This con¬ 
firms the observations of Thompson and 
Whittier (Bull. 102, 1913, Delaware Coll. Agric. 
Expt. Stat.), and of Browne (A. 1902, ii. 
371). 

Apples are now dri d by artificial heat (with 
or without the use of sulphur dioxide, which 
improves the colour), and sold, either as whole 
fruit or as 4 apple rings.’ Fresh apples yield 
about one-seventh of their weight of the dried 
product. Zinc is frequently found in dried 
apples, probably from contact with zinc trays 
during the drying process. As much as 0"58 
gram Zn per kilogram has been found m Ameri¬ 
can dried apples. American analyses give as 
the average componentg of dried apples : 36 p.c. 
water, 1*4 d.o. protein, 3"0 p.c. ether extract, 
57‘6 p.c. carbohydrates, and 1*8 p.c. ash. The 
flavour, and particularly the odour, of apples 
can be imitated by wo-amyl- wo- valerate dissolved 
in spirits of wine. This constitutes the ‘ essence 


Soluble 


Insoluble 


114 

0-90 


APRICOT. The fruit of Prunus armeniaca 
(Linn.). 

The following analyses were made by 
Fresenius:— 

I. 

Medium 

size 

Sugars . 

' Free acid 
Nitrogenous matter 
| l’ectins, gum, &c. 

I Ash 

Total soluble matter 

'Seeds (stone) 

.Skin and cellulose 
Pectoso 
Ash . 

Total insoluble matter, ex¬ 
cluding ash 
Water 


II. 

Large 

wt. (Jo grams 
1-53 
0*77 
0-83 0-39 

5-93 9 28 

0-82 0-75 

— 9 02—12-72 
4 30 3-22 

0-97 0-94 

0-15 1-00 

(0-07) (0-10) 

- 5 42-5 16 

84-96 82 12 


100-00 100-00 

In Californian-grown apricots, Colby (Exp. 
Stat. Record, 1893, 4, 918) found in the whole 
fresh fruit, water, 85-16; dry matter, 14-84; 
containing nitrogen, 0194; sugar, 11*10; ash, 
0-49. 

The ash was found to contain : 

K 2 0 Na*0 CaO MgO Mn0 2 P>0, S() 3 BiOo 
59-36 10-26 3-17 3-68 0-37 13 09 3-63 5-23 
Cl Fe a 0 3 
0-45 1-68 

Californian apricots appear to contain more 
nitrogen than the European fruit., As many 
other analyses agree in giving about 11 p.o. of 
sugar, it is probable that some error has been 
made in Fresenius* figures, though they have 
been widely quoted. 

The sugar is chiefly sucrose, with a little 
dextrose, and invert sugar, which becomes less 
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whon the fruit ripens (Desmouli&re, Ann. Chim. 
anal. 1902, 7, 323). The colouring matter is 
probably related to carotin. 

The acidity of apricots is chiefly due to malic 
and citric acids. 

The kernels of apricot 4 pits,’ or stones, like 
those of the other members of the Primus 
family, oontain amygdalin and about 40 p.c. of 
a fatty oil resembling almond oil. This oil 
haB a sp.gr. of 0-9204 at 15-6°, a pale-yellow colour, 
and a slight odour of almonds (Maben, Pharm. J. 
Trans. [3] 16, 797). More recent determinations 
give the following (Dieterich, Chem. Zentr. 1902; 
2 [1C], 943): ep.gr. «t 15°C. 0*915-0 921, at 90°, 
0-9010-0-9016; solidifying point, —14° to -—20°; 
saponification value, 193*1-215*1 ; iodine value 
(Htibl), 100-108*7 ; refraetomoter value at 25*, 
65*6-67*0 ; at 40°, 58*0 ; at 50°, 52*25. It can be 
distinguished from almond oil by Biber’s reagent 
(fuming nitric acid, sulphuric acid and water), 
with which it gives a recj colour, while almond 
oil only yields a faint yellow. 

The flavour of apricots can bo imitated by 
a mixture of isoamyl butyrate and isoamyl 
alcohol. 

Dried apricots are prepared either by sun¬ 
drying or by artificial heat, sulphur dioxide 
being often employed in the lattor case, in order 
to prevent darkening in colour. They are largely 
used in America and in some of the colonies. 
American analyses show thorn to contain about 
32 p.c. of water, 63 p.c. of carbohydrates, 2*9 p.c. 
of nitrogenous matter, and 1*4 p.c. of ash. 

H. I. 

APRICOT, ESSENCE OF. A mixture of 
woomyl butyrate and isoamyl alcohol. 

APRICOT KERNEL OIL v. Apricot. 

APYRON. Trade name for lithium acetyl- 
salicylate. 

AQUA FORTIS v. Nirwc a cm. 

AQUA REGIA. Nitromunatic acid ; Kdnigs- 
u'asser. A name given by the alchemists to 
a mixture of nitric and hydrochloric acids, 
originally prepared by dissolving sal ammoniac 
in strong nitric acid, and used by them as a 
solvent for gold, sulphur, &c. Usually made 
by mixing 1 vol. of nitric acid with 4 vols. of 
hydrochloric acid. The mixture is at first 
odourless, but gradually—especially on heating 
—acquires a deep orange-yellow colour, due to 
the formation of nitrosyl chloride and free 
chlorine: HN0 8 +3HCl==N0Cl-j-Cl a -f 2H a O. 

The solvent aotion of aqua regia appears to be 
mainly due to the free chlorine. 

AQUA VITAE. An alchemiatic name used to 
denote common alcohol as obtained by distilling 
a liquid which has undergone vinous fermenta¬ 
tion. 

ARABIC GUM v. Gums. 

ARABIN0SE v. Carbohydrates. 

ARACHIDIC ACID CH 8 (CH a ) as COOH is 
found partly free and partly as a glyceride in 
earth-nut oil (from Arachis hyp.gcea (Linn.)); in 
butter, and in the fruit of Ncphelium lappaceum 
(Heintz. Pogg. 90, 146; Grossmann, Annalen, 
89,1; Oudomans, Zeits. f. Chem. 1867, 256). It 
has been prepared by treating behenolic acid 
C aa H 40 O a with fuming nitric acid (GrosBmann, 
Ber. 1893, 644), and synthetically from aceto- 
aoetic ester and octodecyl iodide (Schweizer. 
Arch. Pharra. 1884, 753); m.p. 77° (Baczewski, 
Monatsh. 17, 530). Solubility in 90 p.e. 


alcohol, 0'022 p.c. at 15°, and 0 045 p.o. 
at 20°., 

The methyl ester melts at 54'5°, and the 
ethyl ester at 50°, and boils at 284°-280° under 
100 m.m. pressure. 

ARACHINE C 6 Hi 4 ON a , an alkaloid occurring 
with choline and betaine in earth-lAit (ground* 
nut, monkey-nut) meal ( Arachis hypogea (Linn.)). 
Syrup ; the uurichlonde and platinichloride are 
crystalline. Produces somnolence in frogs and 
rabbits (Mousor, Landw. Versuch-Stat. 1904, 60, 
321). 

ARACHIS OIL is obtained from the seeds of 
Arachis hypo'jo'a (Linn.), which are known in 
commerce as earth nuts, pea nuts, or monkey 
nuts. The cultivation of the arachis plant dates 
.back so far in history that its origin is unknown. 
It is frequently assumed that the home of the 
arachis nut is Brazil. The plant is chiefly 
cultivated m the East Indies, Indo-China, Java, 
Japan, the West Coast of Africa, Mozambique, 
Madagascar, Egypt, Spain, Sicily, the United 
Slates of America, the Argentine, and in the 
West Indian Islands. The East Indian and 
West African nuts represent two distinct 
varieties. In commerce a distinction is made 
between decorticated and non-decorticated nuts. 
The Indian and Mozambique nuts are usually 
decorticated before they arc shipped to Europe ; 
as they undergo some detrimental changes on 
tho voyage, they cannot be used for the produc¬ 
tion of best edible oil, and are mostly worked 
up for soap oil. The nuts coming from West 
Africa mostly arrive non-decorticated, and are 
therefore suitablo for tho preparation of best 
edible oil, the lower qualities only, derived from 
a second and third expression (see below) being 
used for technical purposes. The approximate 
composition of arachis nut, taking the average 
of nuts from various places of origin, is as 
follows : oil, 38-50 p.c. ; water, 4*6~12 , 8 p.c.^ 
albuminoids, 20-31 p.c.; carbohydrates, 5-19 
p.c.; fibre, 1 *1—4*1 p.c.; ash, 16-30 p.c. 

The undecorticated nuts are shelled by • 
special machinery and the inner red skin which 
surrounds the kernel is remowed as completely as 
possible by a blast of air. The separated and 
cleaned kernels are then ground in the usual 
manner and subjected to hydraulic pressure. 
As th# kernels contain so high a proportion of 
oil, the expression of the oil is carried out in 
two stages; frequently tho meal is even ex¬ 
pressed three times. The first expression 
takes placo at the ordinary temperature, and 
yields the 4 cold-drawn ’ oil; the second ex¬ 
pression is carried out at a temperature of 30°- 
32 u ; and the third expression at 50°-55°. 

The ‘ cold-drawn ’ oil is nearly oolourless, 
and has a pleasant taste, recalling that of 
kidney beans; it is used as salad oil, and sold 
under the name ‘ huile surfine.’ The oil 
obtained by tho next expression also serves for 
ediblo purposes, in the sardine and margarine 
industries, or for burning ; the lowest quality, 
which has been expressed at the highest tempera¬ 
ture, is chiefly used for soap-making. 

The arachis cakes sqrve as an exoellent 
cattle food, for thoy contain the highest amount 
of proteins of all known oil cakes ; Moreover, 
these proteins are more easily digested than 
those of other cakes. 

Their average composition is : water, 11*5; 
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fat, 8*8; cellulose, &c., 311 ; ash. 7*25; 
proteins, 41 35; nitrogen, 0 8 p.c. (Schadler). 

On standing a few degrees above freezing- 
point, 1 stearine ’ deposits from arachis oil. 
This stearine contains arachin , which does not 
settle out as a crystalline mass, so that it cannot 
be removed‘in the usual manner by expression. 
Hence it is necessary, in order to ‘ demargari- 
nate ’ arachis oil, to allow it to stand for a 
prolonged time in the cold, when ‘ margarine 
d’arachide ’ settles out, so that tho supernatant 
clear oil can be drawn off. 

Amongst the solid fatty acids of arachis oil, 
arachidio acid and lignoceric acid have been 
identified. These two acids aro characteristic 
of arachis oil, and as their proportion can be 
determined quantitatively, the separation and 
determination of ‘"crude arachidic acid ’ (i.e. 
a «nixture of arachidic and lignoceric acids) 
furnishes an excellent moans of identifying 
arachis oil, and estimating its proportion in 
mixtures with other oils. Amongst the liquid 
fatty acids of arachis oil, oleic acid undoubtedly 
predominates ; in addition to it linolic acid has 
been identified, but the presence of hypogauc 
acid is doubtful, the only oxidation compound 
obtained from the liquid, fatty acids being' a 
sativio acid (Klimont and Mayer, Monatsh. 
Chem. 1913, 34, 1195). Stearic acid docs not 
appear to be present; the fatty acid, m p. 08°, 
separated by Ilohnor and Mitchell (Analyst, 
1898, 21, 238), consisting of a mixture of 
lignoceric and arachidic acids (Klimont and 
Mayer, lx.). 

Tho sp.gr. of arachis oil is usually about 
0*917-0*919 at 15°, but Sadtler (Amer. ,1. Pharm. 
1897, 69, 490) obtained as low a value as 0*011 
with oil from African nuts, whilst the oils from 
Indian nuts have given values of 0*9223 to 
0*9256 (Crossley and Le Sueur, J. Soc. Cliem. 
Rid., 1898, 17, 989). The usual limits for the 
iodine value lie between 87 and 100, but ex- j 
tremes of 84 4 (Schnell) and 105 (Oliveri) are 
on record. For its dotcction and estimation, see \ 
Evers, Analyst, 1912, 37, 487. As the iodine 
value of arachis oil lies so near that of olive oil, 
adulteration of olive oil with arachis oil takes 
place on the largest scale; indeed, very fre¬ 
quently arachis oil is entirely substituted for j 
olive oil (aB in the preparation of tinned sar¬ 
dines). - ! 

It is also a common adulterant of castor oil j 
when used as a lubricant for aoroplanc motors. 
Its presence may be detected by the turbidity I 
temperature of an alcoholic solution of the oil, 
pure castor oil solutions remaining clear below 
—20°, whilst 1 p.e. of arachis oil causes the 
liquid to become turbid at a much higher 
temperature. Arachis oil itself is liable to be ; 
adulterated with sesame oil, which is added j 
partly with the object of preventing solidifica- J 
tion when the oil is exposed to a moderately 
low temperature. The addition may be do- : 
tected by the Baudouin test (see Sesame 
Oil). 

Arachis oil is chiefly expressed in the South 
of Europe (Marseille* and Trieste); therefore 
the lower qualities of this oil enter largely into 
the composition of the soaps of South Europe. 
Thus, one of the most characteristic component 
of the Marseilles white soap is arachis oil. Tho 
quantity of arachis nuts imparted into France 


during the year 1907 was: arachis nuts in 
shells, 163,241 tons ; decorticated arachis nuts, 
117,404 tons. The total quantity of arachis 
nuts produced in the world may be taken to 
amount to about 350,000 tons. In 1910, 
0,686,679 tons of oil seeds were imported into 
Marseilles, of winch 34,800 tons were arachis 
nuts. Next to France, arachis nuts aro largely 
imported into Trieste, Delft, and in smaller 
quantities to Germany (about 25,000 tons), and 
to the United States of America. Tho latter 
country produces about 50,000 tons per annum. 
Tho imports of arachis oil into Italy increased 
from 470 tons in 1908 to 5080 tons m 1910 
(Mohnan). J. L. 

ARAGONITE. The orthorhombic form of 
calcium carbonate (Ca0O 3 ), (littering from the 
more common dimorphous form calcite ( q.v .) in 
its greater density (sp.gr. 2*93), greater hardness 
(II. 3|), and in the absence of cleavage. It 
crystallises, together vi^ith calcite, from aqueous 
solutions containing carbon dioxide at tempera¬ 
tures above 18°, and tho presence of various salts 
m tho solution favours its growth in nature 
it is deposited by thermal springs, for instance, 
those of Carlsbad m Bohemia, in the form of 
pea-hke concretions, this variety of the mineral 
being known as pisolite. Another variety, 
called Jlos-fcm (flower of iron), is found as 
snow-*/hito eoiallouAal forms in the iron mines 
of iStyna. Crystals were first found embedded 
in red clay and gypsum in Aiagon, Spain ; and 
divergent groups of spear-like crystals have been 
found in an iron (haematite) nunc in west 
Cumberland. Fine groups of twinned prismatic 
crystals are met with in the sulphur mines near 
Girgcnti in Sicily, and in tho copper mines at 
Herrengrund in Hungary. A variety containing 
about 5 p.o. of lead carbonate is called tarno- 
witzite from its occurrence at Tarnowitz m 
Silesia. L. J. S. 

ARALIA BARK or False Prickly Ash Bark , 
the bark of Aralia spmosa (Linn.), contains a 
volatile oil, an amorphous bitter substance, 
(tannin), a grey acrid resin, and a glueoside to 
which the name aralem has been given (Lilly, 
Pharm. J. |3J 13, 305). By boiling aralem with 
dilute hydrochloric acid, aralirctin is obtained 
(Holden, Pharm. J. [3j 11, 210; Chem. Soc. 
Trans. 40, 105). 

ARAROBA POWDER v. Chrysarobin. 

ARASINA GURGI. An impuro gamboge 
from Camara, obtained probably from a species 
of Carcinia (Dyrnook, Pharm. J. [3] 7, 

451). 

AlfBOLABBEA RESIN » obtained from 
Canarium luzonicum 9 (Miq.), a tree belonging to 
the Bursoraeeae, growing in the Philippines. 
Tho resin is greyish-yellow, soft, glutinous, 
and has a strong agreeable odour. It contains 
61 *29 parts of resin very soluble in alcohol; 
25 00 parts of resin sparingly soluble in alcohol; 
6*25 essential oil; 0*52 free acid ; 0*52 bitter 
extractive matter; 6*42 woody and earthy 
impurities (Bonastre, Jour. Pharm. 10, 129). 
Baup has isolated four crystalline substances, 
Amyrin, Breidm, Bretn , and Bryoidine (Ann. 
Chim. Phys. [3J.31, 108). 

ARBUTIN v. CijUcosides. 

ARCHIBROMIN. Trade name for raono- 
bromotsovaleryl glyoolylurea. 
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ARCHIL or ORCHIL ( OrseiUe , Fr.; OrseiUe , 
Ger.; Oricello, It.) appears in commerce in three 
forms : (1) as a pasty matter called archil; (2) 
as a mass of a drier character, named perms ; 
and (3) as a reddish powder called cudbear . It 
is obtained from various lichens of the genus 
Roccella, growing on the rocky coasts of the 
Azores, the Canaries and Cape de Verd Tsles, also 
of the Cape of Good Hopo, Madeira, Corsica, 
Sardinia, &c., and from Ochrolechia lartarm, 
growing in Sweden and Norway.- None of these 
lichens contains the colouring matters ready 
♦formed, but there arc presont certain colourless 
acids of the type of trcanoric acid, derivatives 
of orcin, into which they can be readily con¬ 
verted. Thus, lecanoric acid (1) gives first 
orsellinic acid (2) and subsequently orcin (3) 
according to the following scheme :— 


CH, 


cooh/^ ho/Nou 


CH, 


-> ( 2 ) 


coon 


om, ;<iji 


-> (3) 


on, 
Ho/\oil 


u 

CH, 


Orcin itself, when acted upon by air and 
ammonia, changes into a purple substance called 
orcein, which is the name appliod to the colouring 
matters of archil (Robiquet, Ann. Chim. Phys., 
[21 47, 238). 

Finely powdered orcin is placed in a thin 
layer under a hell jar, together with a beaker 
containing Btrong ammonia solution. As soon 
as the substance has becomo brown coloured, 
it is removed and exposed to air for some time. 
It is then dissolved in very ddute ammonia 
solution, reprecipitated with acetic acid, and 
dried. According to Gerhardt and Laurent, 
orcein has the composition C J4 H 7 N0 8 (Ann. 
Chim. Phys., [31 24, 315), but moro recent re¬ 
searches indicate that, it is a mixture of sub¬ 
stances. I iebermann, for instance (Ber. 7, 
247 ; 8, 1049), considers that by this reaction 
three colouring matters are produced, having 
respectively the formulas (a) C, 4 H Ja N0 4 ; 
(b) OuH|,N a O,; and (c) C u H ia N*0„ 

Zulkowski and Peters (Monatsh. 11, 227) 
allowed orcin to remain in contact with am¬ 
monia for two months, and from the product 
isolated three substances:— \ 

(a) Red orcein 0 2t) H 24 N,0 7 , the main pro¬ 
duct, which appears to be formed according to 
the following equation :— 


40 7 H 8 O 2 +2NH 3 +6O-C 88 H 24 N 2 O 7 f7H 2 O 

It is a brown crystalline powder, soluble in 
alcohol with a rod colour, and in alkaline solu¬ 
tions with a blue-violet tint. 

(6) A crystalline j How compound, 


C tl H„NO* 

which is accounted for as follows 


3C 7 H 8 0 2 +NH 3 +30=C 81 H 18 N0 6 +4H 2 0 
Yol. l,-T. 


( c ) An amorphous product similar to litmus. 

These,substances can bo prepared much more 
rapidly by the addition of hydrogen peroxide 
to an ammoniacal solution of orcin. 

There can be no doubt that this reaotion 
proceeds in several stages, and that the character 
of the product varies according to th£ duration 
of the process. This is well known to manu¬ 
facturers, who ean prepare at will a blue or a 
rod orchil. The constitution of these colouring 
matters has not yet been determined, but in 
view of the circumstances by which they aro 
produced, it is most probable that they are 
members either of the oxazine or ozazonc 
groups. 

Orchil was originally prepared from the 
lichens by means of stale urine, which supplied 
the necessary ammonia, but ammonia solution 
is now exclusively employed. The older method^ 
have, however, been greatly improved, and in the 
placo of barrels the operation is carried out in 
large horizontal or vertical cylinders fitted with 
stirrers, and suitable openings for the admission 
of air. 

In such an apparatus the weed is digested 
with about three times its weight of ammonia 
solution at 00° for frpin three days to one week, 
the admission of air being regulated according 
to the judgment of the manufacturer. The first 
product of tho reaction has a blue colour, and 
if the process bo stopped at tins point, there is 
formed the dyewarc known as blue orchil. On 
tho other hand, if the action of the air and 
ammonia is allowed to proceed further, red orchil 
is obtained. These orchiJ pastes when dried 
and finely ground constitute tho product known 

aB Bedford (I). R. P. 57(112, 1889) blows air or 
oxygen through the ammoniacal jnixture, which, 
especially in the latter case, materially shortens 
the process. The apparatus employed is erected 
vertically, and by an ingenious arrangement of 
projecting shelves, the edges of which are turned 
down, a considerable quantity of the air or 
oxygen is entrapped, and exerts therefore a more 
powerful oxidising effect. » 

Orchil liquor is prepared by extracting the 
lichens with boiling water, concentrating the 
extract to from 8° to 10° Tw., and submitting 
this to the action of air and ammonia ; whereas 
orchil extract is produced by the extraction of 
orchil paste itself. 

In former times archil and cudbear were 
frequently adulterated with magenta, certain 
azo colours, extracts of logwood, brazilwood, &c.; 
but as tho importance of these dyestuffs has 
now very greatly diminished, such a contamina¬ 
tion is at the present time of rare occurrence. 

Archil and its preparations are substantive 
colouring matters, which dye well in a neutral 
bath, but have the useful property of behaving 
nearly as well under slightly acid or slightly 
alkaline conditions. Even colours of con¬ 
siderable intensity are produced from it without 
difficulty, but unfortunately these are not fast 
to light. Wool is dyed in a neutral bath, or 
with addition of a trace of sulphuric acid, and 
silk is dyed in the preseneb of soap solution, 
acetic acid being sometimes added. Archil is 
not applied to cotton. 

Archil was at one time employed to a large 
extent for * bottoming ’ indigo, that is to say, 

2 b 
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the fabric was first dyed with archil and subse¬ 
quently with indigo. The reverse ^process, 
known as ‘ topping,’has again been considerably 
in vogue. Cudbear and archil are also used to a 
limited extent in conjunction with other dye¬ 
stuffs for the production of compound shades. 
White wfhes are sometimes coloured with 
archil, but its presence can be detected by pre¬ 
cipitating with lead acctato and extracting with 
amyl alcohol, when a red colour indicates the 
presence of archil or magenta. The addition 
of a little hydrochloric acid changes the colour 
to yellow if® magenta be present, but does not 
alter it if archil is the adulterant (Haas, Zeitsch. 
anal. Chem. 20, 809; J. 8oc. Chem. Ind. 
1, 119). 

A. G. P. 

ARCHIL REDS v. Azo. colouring matters. 

* ARCHIL SUBSTITUTES v. Azo- colouring 

MATTERS. 

ARCHIODIN. Trade name for monoiodo- 
tsovalerylglycolylurea. 

ARDENNITE. A mineral consisting of 
vanadio-silicate of aluminium and manganese, 
H lo Mn 8 Al 8 V a Si s 0 4 o or H l() Mn 10 Al 10 V 2 Si|o0 55 , 
containing 053 9‘20 p.c. V 2 0 6 . The vanadium 
is partly replaced bv arsenic (up to 9'33 p.c. 
As 2 0 6 ), and in these varieties the colour is paler. 
It has as yet been found only at >Salm-Chateaux, 
near Ottroz, in the Belgian Ardennes, where it 
occurs embedded in quartz veins in pliyllites or 
slaty schists. It forms yellow to brown aggie- 
gates of bladed or columnar crystals ; these are 
orthorhombic with a perfect cleavage parallel 
to the brachypinacoid, and good cleavages 
parallel to the unit prism. Sp.gr. 3 ‘58—3'GG; 
hardness, G-7. It is readily fusible with 
intumescence Refore the blowpipe to a black 
glass ; and is not attackod by hydrochloric and 
% nitric acids, though slightly by sulphuric 
acid. 

L. J. S. 

ARECA NUT, Betel nut, is the seed of the 
areett palm, Areca Catechu, Linn., a native of 
the Sunda Islands, cultivated in tropical India 
and tho Philippines. It is often chewed in the 
Far East together with lime and the leaves of 
betel pepper, and is also used as a vermifuge 
In America and Europe it is used in veterinary 
practice, against tape worm. A recoline hydro¬ 
bromide, m.p. 170°, is employed for this purpose, 
and is official in the German Pharmacopoeia. 
The nuts contain six alkaloids, all more or less 
closely related: Arecoline, C H lf l3 0 2 N, the 
principal alkaloid (0*1 p.c.) is a strongly alkaline 
liquid, b.p 220°, and highly toxic (Meier, 
Biochem. Zeit. 1907, 2, 415). It is the methyl 
ester of Arccaidine C 7 H 11 0 2 N,II a 0, m.p. 222°- 
223°, which is non-toxic and identical with 
A s -tetrahydronicotinio acid 


u r NN'Me—CH. 


CI1- 


;€COOH 


synthesised by Wohl and Johnson (Her. 1907, 
40, 4712). Quvacine C 6 H a 0 2 N, m.p. 271-272°, 
is a lower homologije in which the N-raethyl is 
replaced by hydrogen, is a tctrahydroisonicotinic 
aoid (probably A 3 ) 


NH 
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arecaine, m.p. 231°, is N- methyl guvaoine,.and 
hence the last two are both crystalline solids 
of neutral reaotion. Guvacoline is guvacine 
methyl ether, b.p. 114°/13 mm., and an alkaline 
liquid wliioh crystallises. For the constitution 
of these alkaloids, mostly discovered by Jahns 
: (Ber. 1888, 21, 3404), for the properties of their 
! salts and for earlier references, see Freudenberg 
(Ber. 1918, 51, 1608), who thinks that perhaps 
only arecolme and guvacoline occur as such in 
tho nuts, and shoAs that arecaine of Jahns 
is identical wdh arccaidine. Arecolidine, 
O s H ia O t N, m.p. 110°, isomeric with arecoline, 
occurs in minute quantity in the mother liquors 
of technical arecoline hydrobromide, and is 
probably 3 : 4-dimethoxv 1-methyl, 1 : 2-di- 
hydropyridine (Emde, Apoth. Zeit. 1915, 30 
240). G. B. 

ARECAIINE, ARECADINE, ARECOLIDINE, 
ARECOLINE v. Areca Nut. 

AREOMETER v: Hydrometer. 

ARGAL v. Ardor. 

ARGALDIN. A combination of albumin- 
silver and hexamethylenetetramine. 

ARGAN OIL. An oil obtained from the 
kernels of Arganm Hulcroxylon (Room, ot Sehult) 
(ord. Sapotacen), growing in Morocco. The 
kernels arc first roasted, ground to powder and 
miffed with watt*r, when the oil separates 
(Pharm. J. [3] 10, 127). 

ARGENT AM IN. Trade name for ethylene- 
diamine silver nitrate. 

ARGENT AN v. Aluminium and Nickel. 

ARGENTINE. A name given by R. Kirwan 
in 1794 to a variety of ealcite (CaC0 8 ) occurring 
as small scales with a poarly white or silvery 
lustre. 

ARGENTINE. Finely divided spongy tin, 
made by reducing a weak solution of tin salt 
(120 grams in CO litres of water) by zinc. The 
tin is collected in a sieve, washed with water, 
and dried at a gentle heat. Used for tin-plating 
and also for printing upon fabrics and paper 
(Deut. Ind. Zeit. 23, 255; J. Soc. Chem. Ind. 
7, 504). 

ARGENTITE. A mineral consisting of silver 
sulphide Ag 2 S, and occurring as oubic crystals 
or as compact masses. It is blackish lead-grey 
in colour, and perfectly sectile ; surfaces cut 
with a knife are bright and shining. Sp.gr. 7'3. 
Containing 87'1 p.c. of silver, it is a valuable ore 
of the metal when met with in quantity, as in the 
Comstock lode in Nevada and in Mexico. 

' L. J. S. 

ARGENTOL. A synthetic antiseptic, con¬ 
sisting of a compound of silver with quinosol, 
of the formula C B H r ,N(01f)S0 3 \Ag. Forms a 
yellowish powder, of a faint smell, sparingly 
soluble in water and alcohol (Pharm. Zeit. 1897, 
42, 243). 

ARGENTORAT. Trade name for a flash- 

powder consisting of a mixture of potassium 
perchlorate and aluminium, used in photo¬ 
graphy : gives very little smoke (v . Flash - 
powders). * 

ARGINASE. An enzyme occurring in the 
liver, also present in the kidney, the intestinal 
mucous membrane, thymus, and other organs 
(Kossel and Dakin, Zeitsch. physiol. Chem. 
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1904, 41, 321). dementi (Atti. R. Acoad. 
Linoei, 1914, [v.l 23, ii. 612, and ibid. 1916, 25, 1, 
366) finds it in the kidney of mammals and in the 
liver of mammals, amphibia and fishes, but not 
in that of birds or reptiles; see also Edlbacher 
(Zeitsch. physiol. Chem. 1915, 95, 81-87 ; ibid. 
1917, 100, 111); Shiga found it (Zeitsch. 
physiol. Chem. 1904,42, 502) among the enzymos 
obtained from yeast. It is also found in various 
plants (Kizel, Bull. Acad. Sci. Pctrograd, 1915, 
1337—64). It can be extracted from the liver 
by water or dilute acetic acid, and is precipitated 
from solution by alcohol, ether, or ammonium 
sulphate. Arginase is a specifio enzyme for the 
exclusive hydrolysis of (/-arginine or of sub¬ 
stances containing the d-argimno grouping, 
which it converts almost quantitatively into 
carbamide and d-ornithine. For the detection 
of arginase, v. dementi (Atti R. Accad. Lincci, 
1917, [v.] 26, i. 261). Creatine and other 
guanidine derivatives structurally similar to 
arginine, or guanidine itself, are incapable of 
hydrolysis by this enzyme (Dakin, J. Biol. Chem. 
1907, 3, 435 ; and dementi (Atti R. Accad. 
Lincei. 1915, [v.] 24, i 483-489). 

The action of arginase on arginine may be. 
followed by titration of the arginino solution 
(in presence of formaldehyde) with N/5 sodium 
hydroxide solution, Clementi (Atti R. An rad. 
Lincei, 1914, [v.] 23, ii. o 17-523); see also 
Sorensen (Biochem. Zeitsch. 1907, 7, 45-101). 

M. A. W. 

ARGININE C 6 Hj 4 0 2 N 4 , a-amino-fi-gitanino- 
n-valeric acid NH :C(NH 2 ) , NH'(C[I 2 ) 3 'CH(NH«)* 
CO g H, first isolated by Schulze and Steiger 
(Ber. 1880, 19, 1177) from the etiolated germi¬ 
nated cotyledons of iAipinus, is the most widely 
distributed dissociation product of proteid 
matter, and can be obtained by hydrolysis of 
the proteid matter of seeds of Lupinus luteus, ' 
Cucurlnta pepo, Picea excclsa, to the extent of 
10 p.c., Abies pectinata, Pinus sylvestns , and 
other conifers /Schulze, Ber. 1891, 24, 276; 
Zeitsch. physiol. Chem. 1896,22,411,435 ; 1897, j 
24, 276). Aecordmg to Suzuki (Chem. Zoit. 
1899, 23, 658) the arginino obtained from the 
seeds of oonifers exists already formed, but in 
Ioobo combination with the proteid material, and 
is also produced synthetically in the plant from 
ammonium salts and nitrates, either m full or 
diffused daylight (Bull. Coll. Agr. Tokyo Imp. 
Univ. 1900, 4, 25). It is found in a number of 
plants, generally in company with asparigine, 
less often with glutamine, and also when neither 
is present (Stiogor. Zeitsch. physiol. Chem. 
1913, 86, 268 ; S< hulze, l.c. 81, 53). It jr 
found in soil (Schreiner aftd Shorey, J. Biol. 
Chem. 1910, 8, 381; Schreiner, Lathrop, 
J. Amer. Chem. Soc. 34, 1242), and in the blood 
under normal conditions (Abderhalden, Zeitsch. 
physiol. Chem. 1913, 88, 478). For presence 
of arginine in hops, see Chapman (Chem. Soc. 
Trans. 1914, 105, 1899). Aooording to Skinner 
(Bied. Zentr. 1913, 42, 213, from Proc. 8th 
Intemat. Congress Applied Chem. 1912) it is 
produced in soil as a primary cleavage product 
of proteids and can take the place of nitrate in 
the soil. Arginine is also one of t&e constituents 
of the product of hydrolysis of proteids of 
animal origin, thus, horn yiolds 2'25p.c.; glue, 
2*60 p.o.; oonglutin, 2 75 p.c.; albumen from 
yolk of egg, 2-3 p.o.; from white of egg, 


0'8 p.o.; blood serum, 0*7 p.o. j and 
casein, *0‘25 p.o. (Hedin, Zeitson. physiol. 
Chem. 1894, 20, 186), whilst the protamines 
Salmine , Sturine. Clupcine, Scombrine, Cyclopte- 
rine, and Crenilabrine yield arginine as the 
chief product of hydroiysis (Kossel, Zeitsch. 
physiol, Chem. 1896, 22, 176; 1898, 25, 165; 
1899, 26, 588; 1904, 40, 565; 1910, 69, 138). 
In cases of phoRphorus-poisoning arginine is 
found in the' urine (Wohlgemuth, Zeitsch. 
physiol. Chem. 1905, 44, 74), whilst the 
amount obtained from the liver is diminished 
(Wakoman, Zeitsch. physiol. Chem. 1908, 44, 
335). 

The cleavage of arginine in plants and animals 
due to enzyme action is identical with that which 
occurs in putrefactive processes : ornithine and 
carbamide are produced (Kossel and Dakin, 
Zeitsch. physiol. Chem. 1904, 41, 321 ; 19W, 
42, 181; Ackermann, ibid. 1908, 56, 305; 
Kiesol, ibid. 1912, 75, 170, 196.) 

When arginine is heated with barium 
hydroxide it is decomposed into ammonia, 
carbamide, and ornithine ( q.v.) (ab-diarninovaleric 
acid ); cyanamidc reacts with ornithine at the 
ordinary temperature to form arginine (Schulze 
and Winterstem, Zeitsch. nhysiol. Chem. 1898, 
26, 1; Ber. 1899, 32, 3i9l), or with a-ben- 
zoylornithine to form the benzoyl derivative 
of arginine, and this is readily hydrolysed to 
arginine, which is thus proved to be a-amino- 
5-guanino-n-valeric acid (Sorensen, Ber. 1910, 
43,643 ; see also Zeitsch. physiol. Chem. 1911-12, 
76, 94). 

Arginine yields a coppor compound 


Cu(C 6 H u 0 2 N 4 ) 2 


Kober and Sugiura (J. Biol.* Chem. 1912-13, 
13, 6). 

Arginine crystallises in brilliant monoclinic 
plates" (Haushofcr, Zeitsch. physiol. Chem. 
1887, 11, 63); m.p. 207°-207-5° (Gulewitz, 
Zeitsch. physiol. Chem. 1899, 27, 178); it also 
crystallises with lH a O in rhymbohedra (Hedin, 
Zeitsch. physiol. Chem. 1895, 21, 160); it dis¬ 
solves readily in water, and is sparingly soluble 
in alcohol. Arginine contains an asymmetric 
carbon atom, and the dextrorotatory form is 
tho natural product, the hydrochloride has 
[a]D+12'5° in aqueous or +25'5° in hydrochloric 
acid solution. Arginine is strongly alkaline, 
and its solution absorbs carbon dioxide from 


the air; it forms well-defined crystalline salts 
with acids, and compounds with certain metallic 
salts (Gulewitz, l.c.). The nitrate C 6 H J4 O l N 4 , 
HN0 3 ,!(H 2 0 has m.p. 126°; the dtnitrate 
C«H 14 0 2 N 4 ,2HN0 8 has m.p. 151°; the hydro¬ 
chloride C«H 14 0 2 N 4 ,HC1,H 2 0 melts and decom¬ 
poses at 209° when anhydrous; the dZ-auri- 
chloride C*H, 4 0 2 N 4 ,2HC1, AuCl^I^O has 
m.p. 105°-115 U ; the d-arginine aurichloride 
C a H 14 O a N 4 ,2HAuCl 4> l$H 2 0 softens at 140° 
and melts at 160° (Weiss, Zeitsch. physiol. 
Chem. 1911, 72, 490); tho silver nitrate com¬ 
pounds C 6 H 14 () a N 4 ,AgN0 3 ,|H 2 0 decomposes 
at 164°, and C„H r4 0 a N 4 *AgN0 8 ,HN0 8 melts 
and decomposes at 180°; the cuptjc nitrate 
compound 2C,,H l4 0 2 N 4 ,Cu(N0 8 ) 2 ,3H a 0 melts 
at 112°—114° or- decomposes at 232°-234° 
when anhydrous; the copper sulphate com¬ 
pound meltR at* 110° or decomposes when 
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anhydrous at 235°-238°; the picrate C e H u O a N 4 , 
C„H 8 0 7 N 8 ,2H,0, m.p. 205°, dissolves in 204-1 
parts of water at 16 °; the picrolonate C 8 H u O a N 4 , 
O 10 H 8 O 8 N 4 ,H a O, m.p. 231°, dissolves in 1124 
parts of water, or 2885 parts of alcohol at the 
ordinary temperature (Schulze and Steiger, 
Her. 1886, 10, 1177; Hedin, Zeitsch. physiol, 
('hem. 1894, 20, 180; Gulewitz, ibid. 1899, 27, 
178 ; Stoudel, ibid. 1903, 37, 219 ; Reisscr, tbtd. 
1900, 49, 210). The auricldoride of a tctrn- 
methyl arginine 

'C J0 TI 24 O 2 N 4 Au 2 C!l fl 

prepared by Engeland and Kutscher (Zeitsch. 
Biol. 1912, 59, 415) crystallises in short needles 
which melt 173 0 -V75° to a clear fluid. Three 
methyl groups are in the side chain and one in 
tfle guanidine complex. 

Certain acyl derivatives and esters of arginine 
have also been prepared, the dibenzoyl derivative 
C 8 H 13 0 2 N 4 Bz 2 crystallises in rhombic needles 
or prisms, m p. 2i7'5°-218° (Gulewitz, / c ), the 
P-naphthalenesulphonic derivative C 6 H, 3 0 2 N 4 . 
SOjj’CjoH, is a colourless powder, m.p. 88°-89° 
(Reisser, l.c .); diarginylargimne is isolated 
as the dipicrate C ls H A ^ 0 4 N 12 (C B H a 07 N 8 ) 2 , 21 I 2 0 , 
m.p. 207°, from the product obtained by hydro¬ 
lysing pepsin extract with hydrogen fluoride; 
arginylargmine pi crate C, 2 H 26 0 8 N 8 ,C fl H 3 0 7 N 8 , 
2H a O, m.p. 213°, is similarly obtained from 
gelatin (Hugoucnq and Morel, Compt. rend. 
1909, 148, 230); arginine methyl o ter hydro 
chloride has m.p. 195° (corr.) with decomposi¬ 
tion, the picrate forms lemon-yellow crystals, 
which melt and decompose at 2J8° (corr.); 
and the nitrate melts at 189° (corr.) (Fischer 
and Suzuki, Sitzongbcr. K. Akad. Wise. Berlin, 
1904, 1333). 

, The presence of arginine assists the tryptic 
digestion of proteid matter and aids the emulsifi¬ 
cation of fats : this appears to bo connected with 
its alkalinity, as sodium carbonate acts similarly 
(LawrofT, Zeitsch. physiol. Chem. 1899, 28, 
303) When arginine (hydrochloride or car¬ 
bonate) is administered as a food, it suffers 
complete decomposition, and 37-77 p.c. of the 
nitrogen so given reappears as urea (Thompson, 
Zeitsch. physiol. Chem. 1905, 33, 100), and the 
amount of arginine in the various organs shows 
no increase (Orglmoister, Beitr. Chem. Physiol. 
Path. 1905, 7, 27). Intravenous injection of 
arginine increases the creatine content of muscle 
(Thompson, Proc. Physiol. Soc. ii.-iii.; J. 
Physiol. 1917, 51 ; Jansen, Arch. Norland. 
Physiol. 1, 61$). Ackroyd and Hopkins (Bio- 
Chem. J. 1916, 10, 551-576) suggest that 
arginine plays a special part in purine meta¬ 
bolism in the animal body. Ringer, Frankel, 
Jonas (Bio-Chom. J. 1913, U. 525 -538), suggest 
that succinic acid is an intermediate compound 
in the katabolism of arginine. 

Arginine gives the diaoetyl reaction for 
proteids (Harden and Norris, j. Physiol. 1911, 
42, 333). 

Arginine is readily oxidised by hot calcium 
or barium permanganate yielding guanidine, 
7 -guaninbbutyric acid and succinie. acid (Benech, 
Kutscher, Zeitsch. physiol. Chem. 1901, 32, 278, 
413, and the estimation of the number of 
arginine groups in proteids. is based on this 


reaotion (Orglmeister, l.c. ; Kutscher and 
Zickgraf, Sitzungsber. K. Akad. Wiss. Berlin, 
1903, 28, 624), the guanidine thus obtained 
being isolated in the form of its sparingly soluble 
picrate, and cither weighed as such, or the 
nitrogen estimated in the usual way. Another 
method of isolating and estimating arginine 
is based on Siegfried’s carbamino-reaction of 
amino- acids (Zeitsch. physiol. Chem. 1905, 44, 
85 ; 40, 402 ; 1907, 60, 171 ; Ber. 1906, 39, 397), 
whereby the barium, strontium, or calcium salt 
of the corresponding carbamic acid is formed 
when carbon dioxide is passed into a solution 
of the amino- acid containing excess of alkali 
earth hydroxide until the solution is neutral 
to plienolphthalein— 


RCIINH 2 

I +Ca(OH) a +CO, 

C0 2 H 

r-chnhco 8N 


CO,— 


Ca-f TT.O 


The barium and strontium salts of these com¬ 
plex carbamic acids arc much less readily 
soluble than the corresponding amino-acid, and 
afford a means of isolating the compounds 
(D. R. P. 188005, *1906). In order to estimate 
the amino- acid, the filtrate containing the 
calcium salt of the carbamic acid is decomposed 
by heating with boiled-out water into calcium 
carbonate, and the amino acid ; the ratio C0 2 :N 
is determined by weighing the calcium carbonate 
thus precipitated, and estimating the nitrogen 
in the filtrate by Kicldahl’s method (Zeitsch. 
physiol. Chem. 1908, 54, 423). 

Van Slyke (J. Biol. Chem. 1911, 10, 25) 
precipitates the arginim- with pliosphotungstic 
acid, decomposes the precipitate with barium 
chloride, and boils the filtrate gently with 50 p.c. 
potassium hydroxide for six hours ; basing his 
estimation of arginine on the fact that it loses 
half of its nitrogen, in the form of ammonia, 
when boiled with dilute alkali. 

Plimmer (Bio-Chem. J. 1916, 10, 115-119) 
decomposes the arginine with 20 p.c. alkali. 

Wechsler (Zeitsch, physiol, ('hem. 1911, 73, 
138-43) dissolves the diied phosphotungstste 
precipitate in a mixture of acetone and water, 
and then decomposes it with barium hydroxide. 

For the quantitative estimation of arginine, 
in proteins, Jansen (Chem. Weekblod, 1917, 14, 
125) uses arginase to decompose the arginine 
and the urea thus produced is converted into 
ammonium carbonate by urease. 

dl- Arginine is 1 readily produced by the 
tryptic fermentation of fibrin, or by heating 
j d-arginine nitrate at 210°-220° for 15-20 
minutes (Kutscher, Zeitsch. physiol. Chem. 
1901,32, 476) or by heating d-arginine in 50 p.c. 

I sulphuric acid in sealed tubes at 1 COM 80° for 
33 hours (Reisser, Zeitsch. physiol. Chem. 1906, 
49, 210 ); it decomposes at 210° (Cathcart, Proc. 
Phvsiol. Soc. 1905, 39); the nitrate C a H 14 0 2 N 4> 
HIslO., has m.p. 216° ; the dinitrate CgH u 0 2 N 4 , 
2HNO s , m.p. 151°; the cupric nitrate derivative 
| 2C B H 14 0 2 N 4 ,Cu(N0 8 ) 2 ,3H a 0, m.p. 228°-229° ; 
| the silver nitrate derivative (C B H 14 0 s N 4 ,HN0 8 ) 2 , 
\gN0 3 , m.p. 170°-172° ; the picrate C B H 14 0 8 N 4 , 
'C 4 H s 0 t N s , m.p. 200°-201°, is sparingly soluble 
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100part* of water at 16° dissolve 0'22 part; the 
picrdonale C e H 14 0 2 N 4 ,CjqHg0 & N 4 , m.p. 248° 
100 c.o. of water at 10° dissolve 0 03 grams of 
salt; the &-naphthalene sulphonate C 0 H ia O 2 N 4 - 
S0.,C iy H 7 ,JH 2 0 has m.p. 85°-90° (Reisser, l.c. 


Argon occurs in the atmosphere to the 
extent of 1*3 p.c. by weight (Leduo, Compt. 
rend. 123, 805) and 0-933 p.c. by volume 
(Schloesing, Compt. rend. 121, 604; • Moissan, 
Compt. rend. 137, 600). It also occurs in a 


•Arginine is formed by treating di-arginine ! large* number of mineral waters and thermal 
carbonate with the expressed juice of calf’s | springs (Bouchard, Compt. rend. 1 121, 392; 
liver, the ferment arginaae present in the extract ; Troost aud Ouvrard, ibid. 121, 798 ; Moissan, 
destroys the d-arginine, and does not attack the ! ibid. 136, 1278 ; Moureu, ibid. 135, 1335; 142, 
l®vo- isomeride. With the exception of the 1 J 55 ) > and in the volcanic gases of Mt. Pelee 
difference in optical activity, the salts of l- (Moissan, Compt. rond. 135, 1085); it is found, 

arginine are identical with those of the dextro- moreover, in fire damp and in coal (Sehloesing, 

isomeride, l-arginine hydrochloride has [a] 20 Compt. rond. 123, 233). Argon has also been 
.. m . , , ... „ 7 d observed, together with helium, in the gas 

—20*51 (Reisser, l.c.). M. A. W. . evo lved on heating numerous minerals. 

ARGININE. This name has also been given 


to an alkaloid discovered by Qunoga (J. Phartn. 
Chim. 1896, 10,293) in a species of laurel (known 
by the natives as viraro-mi), growing in the east 
of the Argentine and west of Brazil. It forms 
prismatio crystals, soluble in chloroform or 


Preparation. —(i.) By sparking air with 
oxygen, the method originally employed by 
Cavendish ( v. supra). Thew gas is preferably 
confined over mercury, and a small quantity 
of potash introduced through a curved pipette. 
The sparks are passed between the ends of 


benzene, slightly soluble in ether, petroleum 8 (, ou fc platinum wires, fused through the ends 


spirit, or water. Its aqueous solutions, 
acidified with hydrochloris acid, givo a white 


of U-shaped glass tubes. These tubes are filled 
with mercury, and serve to establish elec- 


ppt. with bromine water and a white ppt. | trica j connection with the secondary terminals 
with alkali soluble in excess. The bark and 0 f a R u hmkorff coil capable of giving a 6-inch 
cambium contain 1 df-I’6 p.c., the wood (k04-j B p ttr k through aic when worked by four lead 


0 05p.c. of the alkaloid. If. I. 

ARGOFERMENT. A trade name for a form 
of colloidal sdver. 

ARGOL or ARGAL. *(Tartre brut, F r.; 
Weinstein, Gcr) Crude potassium bitartrate, 
known as red u.gol (Cremore di Vinacciu), or 
white argol (Cremore di iSt. Artimo), according 
to whether it is deposited from the red or die 
white grape ( v . Tartaric acid). 

ARGON. Sym. A or Ar At. wt. and 
molec. wt. 39 88. As long ago as 1785, Oaven- 


spark through ait 
accumulators. The sparging is usually con¬ 
tinued for soveral hours after contraction has 
coased; the excess of oxygen is then absorbed 
by phosphorus (Rayleigh and Ramsay, l.c. ; 
Rayleigh, Chem. Soo. rroo. 13, J81; Becker, 
Z. Elek. 9, 600). To save time, it is customary 
to prepare by method (ii.) a gas consisting 
mainly of argon, and to employ the method 
of sparking only to remove the last traces of 
active gases. 

(ii.) From 4 atmospheric nitrogen ,’ the nitrogen 

...... _ i..j j... __ 


dish (PhU. Trans.. 75, 372) made ex—ds I ^7S..lT“4T 

in order. to del a mine w ic j investigation, Rayleigh and Ramsay separated 

left after withdrawing^ y»_ ’ | argon from nitrogen by continuously circulating 

carbon dioxide froi ‘‘ J the mixture over red-hot magnesium shavings. 

He sparked a mixture yy .■ j w k ere t,y the nitrogen was absorbed, forming 

magnesium nitride (cf, Ramsay and Travers, 
Roy. Soc. Proc. 64, 183). This method is no 
longer used ; a dry mixture *«f pure lime (5 parts) 
and magnesium dust (3 parts), introduced by 
Maquenne, is employed instead, which, when 
heated to redness, produces metallic caloium 
and absorbs nitrogen with great rapidity. By 
passing atmospherio nitrogen over this red-hot 
and leading the residual gas over 


He sparked 
in presence of potash for the absorption ot the 
acii produced, and removed the excens of 
oxygon by a solution of liver of sulphur. Only 
a small (nibble of gas remained unabsorbed, 
and this did not dimmish in volume on further 
sparking with oxygen. Cavendish concluded 
‘tb.it if there is any part of the ’ nitrogen ‘ of our 
atmosphere which differs from the rest, and 
cannot be reduced to nitrous acid, we may safely 


cannoi oe reuucvu w , fixture 

conclude that it is not more than part ot j metaUic ’ oalcium h ea ted to dull rodnesa.ljomplete 

absorption of the nitrogen is readily effected 
(Moissan and Eigaut, Compt. rend. 137, 773). 
Metallio lithium has also been employed for 
the same purpose (Guntz, Compt. rend. 120, 


the whole. ’ 

Cavendish's work was overlooked for more 
than a century, and attention was only directed 
to it after the u.scovery, in lb(>4, by Lord 
Rayleigh (Roy. Soc. Pro* 55, 340), that the 
density of ‘atmospherio nitrogen’ was one- 
half per cent, higher than that of nitrogen 
>p ar6 d by chemical means. This result gave 


e 


disoovored gas in tne auuospnoie, unmuiui.ci ■ oalcium chloride (10 p.o.) heated to 800 , Hie 

/esUgationa^ carried out jointly by Rayleigh mixture having 

d Ramsay (Phil. Trans. 180, 187), led to tho diminished pressure to drive off any volatile 


Item indication- , 

undiscovered gas in the atmosphere, and further 
investigation*, oarr™ 1 inintlv bv Ravleum 
and Ramsay (Phil 
isolation of a new gaseous element, lne gas, 
which has a density of approximately 20, and 
which constitutes nearly 1 p.c. by volume of the 
atmosphere, was called argon, owing to its 
remarkable chemioal inertness, lh virtue of which 
it oan be readily separated from the accom¬ 
panying nitrogen. 


77; 123,995). 

(iii.) The readiest means of preparing argon 
in quantity consists in leading air slowly over 
—1~: /on ~ „ \ an( l 


,n of the existence of somo hitherto a mixture of calcium carbide (90 p.c.) 


matter. Roth oxygen and nitrogen are absorbed 
by the mixture. The issuing gas is led over hot 
coppei oxide to burn any hydrogen, hydro¬ 
carbons, and carbon monoxide present, and the 
water vapour and carbon dioxide removed. 
Using 7 kfios. of carbide, 11 litres of argon may 
be obtained in two days (Fischer and Ringe, 
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Ber. 41, 2017). The cyanaraide process is used 
in Amerioa as a means of producing argon in 
quantity. Nitrogen obtained from the’ air by 
the copper process is repeatedly passed through 
the cyanarrnde furnaces until concentrated 
argon remains. It is employed in the electric 
lamp industry, cf. Bodenstein and Wachenheim, 
(Ber. 1918, 51, 265). 

The gas prepared by tho above methods 
contains traces of the other inert gases neon, 
krypton, and xenon, from which it is separated 
by fractional condensation and evaporation 
(Ramsay and, Travers, Roy. Soc. Proc. 07, 329 ; 
Liveing and Dewar, Roy. Soc. Proc. 08, 389). 
The total quantity of these gases present is, 
however, only 0*25 p.o., and 85 p.c. of this 
impurity is neon. 

The commercial oxygen made from liquid 
aiy contains about 3 p.c. of argon (Claude ; 
Morey). The liquid mixture is then distilled; 
the oxygen condenses and tho argon passes on. 
There is obtained a gaseous mixture containing 
75-80 p.c. of argon and 1-2 p.c. of nitrogen ; the 
remainder being oxygen, which may be removed 
by combustion with hydrogen. 

Argon may bo obtained by passing cooled 
compressed air downwards through a rectifying 
column and bath of boiling oxygen at the base. 
The liquid air flows over to the higher part of the 
column, the interior of which consists of an inner 
chamber with draw-off cocks at different levels. 
In this the mixture is separated into purer 
oxygen, and a rich argon mixture, which can be 
used for electric lamps (Eng. Pat. 101860, 191(5). 
Fonda and General Electric Co (U.8. Pat. 
1211125, 1917) produce a liquid with 94 p.c. 
oxygen and 4 p.c. argon, and Iractionate it on 
the counter-current principle in such a manner 
that argon is removed at the top and oxygen at 
the bottom of the apparatus (Reports of the 
Progress of Appl. Chem. 1917, 11, 201). 

Argon is a colourless gas, condensing to a 
colourless liquid, boiling at 86*9° abs. ( — 186 1°- 
186*9°/760 mm.) (F. Fischer and Froboese, Ber. 
1911, 44, 92), at which temperature its density 
is 1-4046 (Italy, and Dorman, Chem. Soc. Trans. 
81, 914). A normal litre weighs 1*78376 at 0°, 
and 76(1 mm. (Schult/.e, Ann. Physik. 1915 fiv.], 
48, 269), coefficient, of dilatation j0--3609*10° 
(8°-32°), Its m.p. is 83*4° abs. ( — 189-6°), its 
critical temperature is 155*6° abs. ( —117-4°- 
122*44°) (Crommelin), and its critical pressure 
is 52*9 atraos. (Ramsay and Travers, Roy. Soc. 
Proc. 67, 329). 

The vapour pressures of liquid argon arc 
represented by the formula log p=4 *85033 — 
034*391T -p30709*09T 2 —1070464T+ For solid 
argon the observations are best expressed by 
the formula log p— A/T-f BT+D log T+C in 
which A=+9034*32, B= -1*42112, 0~- 
1014*0278, and D= +533*0275. The molecular 
latent heat increases from 12*92 at —125*49° to 
24*01° at-140*80°, and 35*00 (cal.) at -183*06° , 
(Crommelin, Proc. K. Akad. Wetenseb. Amstcr- ' 
dam, 1913, 16, 477 ; 1914, 17, 275). 

Argon is more soluble in water than nitrogen, 
the absorption coefficient bemg 0*02561, at 1°, 
and falljpg regularly to 0*02567 at 50° 
(Estreicher, Zeitsch. phvs. Chem. 31,176); these 
figures may, however, he in error by 5 p.c. {v. 
Fox, Chem. News, 99, 250). The refraotive 


index of the gas for sodium light at N.T.P. is 
1*0002837 (Burton, Roy. Soc. Proc. 1908, 80, 
390); its thermal conductivity is 0*00003894 
(Schwaize, Pogg. Ann. 11, (iv.) 303); and its 
molecular specific heat at constant volume 
is 2*977 cals. (Pier, Z. Elek. 15, 536; 
Heuse Ann. de Physik, 1919, 59, 86). Its 
coefficient of expansion is 0*003668 (Kuenen 
and Randall, Roy, Soc. Proc. 59, 60). Argon 
passes through rubbor more quickly than 
nitrogen (Rayleigh, Phil. Mag. 49, (v.) 220) or 
carbon dioxido (Kistiakowski, J. Russ. Chom. 
Soc. 30, 576), and does not pass through heated 
platinum or palladium; it is diamagnetio 
(Tanzlor, Pogg. Ann. 24, (iv.) 931). ^For its 
rate of effusion, v. Donnan (Phil. Mag. 49, (v.) 
423).) 

Tho density of argon has been determined 
by several observers, with tho following results : 
(0=16); 19*940 (Rayleigh, Roy. Soc. Proc. 
59, 201), 19*941 (Ramsay, Phil Trans. 186, 238); 
19*945 (Fischer and ”liahnel, Ber. 43, 1435). 
Argon is a member of the group of inert gases, 
and up to tho present all attempts to combine 
it with other elements have failed (Rayleigh and 
Ramsay, lx. ; but c/. Cooke, Zeitsch. physikal. 
Chem. 55, 537). 

Atomic and molecular weight. The molecular 
weight, 39*88, follows from the density determi 
natidhs just cited ; Gut the atomic weight cannot 
be determined in the usual manner, since argon 
forms no compounds with other elemonfcs. The 
ratio of the specific heat at constant pressure 
to tho specific heat at constant volume is 1*644 
(Rayleigh and Ramsay, l.c.), and this result, 
from analogy with the case of mercury vapour 
and by comparison with the ratio 1 *666 theoreti¬ 
cally required for a monatomic gas according 
to the kinetic theory, is regarded as proof that 
argon is monatomic. Its atomic weight is 
therefore 39*88, 39*91+0*01 (Lcdue, Ann. Phys. 
1918, [ix.] 9, 6), coefficient of departure from 
Boyle’s Law 10*2, 10- 6 between 1 and 5 atmos. 
mol. vol. 0 999 at 0° and 760 mm. 

Spectrum. This is extremoly characteristic, 
and has been carefully examined by Crookes 
(Phil. Trans. 186, 243), Kayser (Chem. News, 
72, 99), Eder and Valcnta (Monatsh. 16, 893 ; 17, 
50), and by Trowbridge and Richards (Phil, 
Mag. 43, (5) 77; Stahl (Zeitsch. wiss. Photo- 
chem. 1911, 9, 302); Stead (Proc. Camb. Phil. 
Soc. 1912, 16, 607). The most prominent lines 
are two in the red, having wave lengths of 
6965*6 and 7056 4, a yellow line (6038*4), two 
green lines (5610 and 4702), and a violet lino 
(4200). 

ARGONIN. Silver casein. 

ARGULAN. Trade name for the mercury 
compound of dimethylphenylpyrazolene sulpha- 
mine. 

ARGYRODITE. A sulpho-germaniate of 
silver, being the mineral in which the element 
germanium was discovered in 1886. It had, 
however, been mentioned by.A. Breithaupt in 
1823, under the name Plusinglanz. These 
occurrences in the Himmelsfurst silver-mine 
at Freiberg, xony, show only botryoidal 
crusts with a minutely crystallised surface. 
Later, the mineral was found as distinct, though 
small, cubic crystals in Bolivia, analysis. of 
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which proved the formula to be Ag s GeS„ (S. L. 
Penfield, 1893 and 1894). More recently, cubic 
crystals of larger size (3^5 cm. across; sn.gr. 

6’235) from Colquechaca, Bolivia, have oeen 
described and analysed (V. M. Goldschmidt, 
1908). At this locality the mineral appears to be 
not uncommon, and no doubt largo quantities 
of it have been smelted for silver. In external 
appearance it is not unlike argentito, but is less 
sectilo than this. 

In the Bolivian mineral the germanium may 
be replaced isomorphously by tin, giving the 
species cuiijicldite Ag h SnS fl (l'enfield, 1894). 
Intermediate member^ of this series, or stanni¬ 
ferous argyrodite, also occur (Prior and Spencer, 
1898). L. J. S. 

ARGYROL. Syn. for silver-vitelhn. 

ARHEOL. Trade name for santabol. 

ARHOIN. f Trade name for an addition 
roduct of diphenylauiino and ethylthymyl* 
enzoatc. 

ARIBINE C 23 H 2 „N 4 ,8H 2 0, mp. 229° 
(anhydr) is a crystalline diacid ditortiary 
alkaloid from the, bark of Auiriba rubra , a 
Brazilian tree. The bark is used for dying wool 
red (Rcith and Wilder, Annalen, 1801, 120, 274). 
Aribine is one of the very few solid alkaloids 
free from oxygen, and sublimes on careful 
heating. • • 

ARISTIMC ACID (\ s H u O ? N, greenish- 
yellow needles, ui.p. 275° (decomp.). Occurs 
with armful hue, and C^H , 3 0 7 N. and andohe 
acid (’ 15 H n 0 7 N, in AnMolochia atijaitiua 
(Gnseb ) (Hesse, Arch. Pharm. 1895, 233, 
(584). 

ARISTOCHIN or ARISTOQUININE. Trade 
name fordi-quinmo earbonateCO(0 C 20 II 23 N 2 O). 

ARISTOL. Dithymol di-iodide used as an 
iodoform substitute. V. ionotoitM. 

ARISTOLOCHINE C 17 H U <) 7 N (or 
C 32 H 23 0| 3 N 2 ?), orange-yellow needles, decom¬ 
posing at 215° < Incurs in ArmtolocJna Clcmuhtm 

(Linn.) and -1 rotunda (Linn.). It is a weakly 
acid base (Pohl Arch. expt. Path. Pharm. 1891, 
29, 282). According to Hesse (Arch. Pharm. 
1895, 233, 084) aristolochme is a homologue of 
arist< lie acid (wee under Aristinic acid). The 
alkaloid is highly toxic. G. B. 

ARJUN WAX v . Waxes. 

ARMENIAN BOLE v . 1‘iqmknts. 

ABNATTO r . Annatto. 

ARNICA v. Re,-ns. 

ARNICA YELLOW v * Azo- colouring 
MATTERS. 

ARNOTTO v. Annatto. 

AROMATIC VINEGAR v. Acetic acid. 

ARRACK. (Arack and Rack, Fr. ; Arrack: 
Rewbranntwein, Ger.) The term ‘ araq ’ or 
‘ arak ’ was applied by the Arabs to distilled 
spirits generally, but it is now usually restricted 
to the spirituous liquor obtained by distillation 
of the fermented juice of the coco-nut palm 
(toddy or palm wine), or from jice, or from a 
mixture of both. Arrack is also made from the 
succulent flowers of the Bassia genus of trees 
and from other vegetable products, and is 


manufactured not only in the East, but also in 
the West Indies. 

Where rice is used, it is steeped in water 
in large vats and agitated cautiously (so as not to 
damage the grains, which would interfere with 
the subsequent fermentation) until about half 
the rice has begun to germinate. *Tho water 
is then run off from below, and toddy or 
molasses or a mixture of theso is added to the 
rice. The whole is allowed to ferment, and the 
mixture is then distilled. 

Tliis method, which is said to produce the 
best quality of arrack, obtains at ^Batavia and 
m Jamaica, but in India arrack is frequently 
made from toddy alone. 

Tho best qualities of arrack are agroeable 
to tho taste and wholesome, which cannot bo 
said of the commoner kind made from rice 
alone, in some parts of India and China. Tills 
has a somewhat nauseous odour and taste, 
duo to a volatile oil which distils from the rice,, 
and is narcotic and very unwholesome. Its 
intoxicating effect is frequently increased by 
tho addition of hemp leaves, poppy hoads, 
stramonium juice, &e. 

A large amount of revenue is obtainod from 
the manufacture of ariack in Siam and Ceylon, 
and tho latter expoits a considerable quantity 
to tho United Kingdom, where it is used as a 
valuable ingredient in making punch. 

An imitation arrack is sometimes made by 
flavouring rum with flowers of benjamin or 
benzoic acid. • J. 0. 

ARRHENAL. Disodium inelhylarsinato. 
>SVe Arsknicals, organ in. 

ARROPE. Sherry boiled to a syrup used for 

colouring other wines. 

° • 

ARROWROOT. Tho starch obtained from 
the rhizomes of Maianta arundmacca, grown i» 
the West Indies. The starch prepared from 
other roots is often known locally as arrowroot; 
e.g. in Queensland, where tho tubers of Canna 
edulm supply such a product. 

The composition of the rc*ots of true arrow- 
root grown in Jamaica is : 

Dextrin Crude Ether 

Water Starch and sugar llhre extract Proteid Ash 
(534 27-8 2'1 3*9 02 1*0 09 

(Leuscher, Zeit. bffcntl. Chem. 1902, 8, 23.) 

Commercial arrowroot contains from 83 '5 to 
86*9 p.c. starch, ll'O to 15 p.c. water, proteins 
from 0*4 to D4 p.c., with small quantities 
(area 0*3 p.c.) of ash, cellulose, and fat. 

(For a series of analyses of arrowroots. 
Irom various sources, see Ballard, Jour. Pharm* 
1903, 17, [10] 47«.) H. I. 

ARSACETIN. Tho sodium salt of acetyl- 
p-aminophenyl arsenic acid— 

/OH 

CH a -CO*NH-C 6 H 4 -*As^O 

\ONa 

( v . Arsenicals, Organic), 

ARSACETINQUININE. A mixturj o£ 43 p.o. 
arsacetin and 54 p.c. of quinine. 

ARSALYT. Bismethylammotetra-aminoar- 
eenobenzene. 
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ARSAMIN. Trade name for sodium arsani- 
late. Used in the treatmont of sleeping sickness 
and other diseases of protozoal origin. 

ARSAN. Glidin preparation of silver. 

ARSANILIC ACID. p-Aminophenylarsinic 
acid. <S’ee»ARSENiCALS, Organic. 

ARSENIC. (Arsenic, Fr. ; Arsenic, Arsen, 
Ger.) Schwcrbenkobalt, Fliegnigift, Napfchenko- 
balt Arsenicum. Regulus Aiscnici. Symbol, 
As; at. wt.,74'96. 

Occurrence. — Arsenic, in small quantities, is 
one of the .most widely distributed elements; 
it is found in mineral and other waters, in sea¬ 
water and in sea-weeds, in coal smoke, in most 
pyretic minerals, and in a large number of ores. 

In England it occurs principally with tin ore, 
and on the Continent m mispickel. Arsenic 
occurs native (usually associated with iron, 
cobalt, nickel, antimony, and silver) in crystal¬ 
line rocks and in the older schists, geneially in 
reniform and stalactitic masses, often mainnul- \ 
lated; it also occurs occasionally in rhombo- 
hedral crystals. At ZimeolT in Siberia, large 
manses are found ; it occurs in the silver-mines 
of Freiberg, Annaberg, Manenborg, and Schnee- 
berg in Saxony ; at Joaohimsthal in Bohemia, 
Andreas berg m the IJartz, Kapnik in Transyl¬ 
vania, Orawitza in the Banat, Kongsberg in 
Norway, St. Mario-aux-Mines in Alsace, in 
Borneo, and in the United Slates. 

As arsenide it occurs combined with iron in 
two forms FcAh 2 and Fe 2 As 4 ; with nickel as 
Kupfer nickel NiAs and NiAs 2 ; with cobalt as 
tin white cobalt, CoAs 2 . With antimony it 
ooours as arsenical antimony, at Przibram in 
Bohemia ; with blende, antimony and Bpathic 
iron, at Allemont, at Schladming in Styria and 
Andreasberg in tho Hartz. 

Arsenic is generally present in native sulphur. 
'Combined with sulphur it occurs as realgar or 
ruby sulphur As 2 S> in Hungary, Saxony, 
Switzerland, and China ; and as orpiment As 2 S 3 
in Hungary and the Hartz. 

With sulphur and iron it occurs as mispickel, 
arsenical pyrites, or white mundtc FeS 3 FeAs 2 ; with 
sulphur and cobalt in cobalt glance CoS 2 CoAs 2 ; 
in nickel glance NiS 2 NiAs 2 , and m a number 
of other ores, being obtained as a secondary 
product in the roasting of tin and copper 
ores, copper nickel, arsenical fahl ores, smaltinc, 
cobalt and nickel glance, &c. I 

With oxygen, arsenic occurs as arsenolite or 
arsenite As^O fl , usually as a crust on other 
arsenical minerals, being formed by their de¬ 
composition. With oxygen and cobalt, it forms 
cobalt bloom of arsenate of cobalt ; it also occurs 
as arsenates of iron, copper, and lead. 

Preparation. —Metallic arsenic is uBed only 
to a smsll oxtent in commerce. It is usually 
prepared from native arsenic, arsenical iron, or 
mispickel, the latter being the only mineral 
used to any extont in England. The mineral 
used is heated in earthenware retorts or tubes 
laid horizontally in a long furnace. Great care 
is required in manufacturing the retorts; a 
mixture of 1 part fresh clay and 2 parts bricks 
or old retorts powdered, is made into the proper 
form, coated with a mixture of blood, loam, 
forge-Boales and alum to produce the glaze, and 
burned. They are very strong and heat-resist¬ 


ing, and quite impervious to the vapour of 
arsenic. A piece of thin iron sheet is rolled and 
inserted into tho mouth of the retort, and an 
earthen receiver luted on. On distilling, most 
of the arsenic condenses in the iron as a nearly 
white, coherent, internally crystalline mass, and 
is detached on cooling by unrolling the iron. 

If required, the arsenic is purifiod by redistilla¬ 
tion. 

At Altenberg in Silesia, arsenious oxide is 
heated with charcoal in an earthen crucible 
covered w ith an inverted crucible or conical iron 
cap. This method is more economical and pro¬ 
ductive than the one above described, but the 
metal is grey and pulverulent, and always con¬ 
tains arsenious acid. 

It may also be prepared by heating the 
sulphides with charcoal and sodium carbonate 
or potassium cyanide. 

Properties .—Arsenic is a very brittle steel- 
grey metalline mass* of sp.gr. 5*62 to 5 - 96, of 
j brilliant lustre, crystallising in rhombokedra, 
isomorpkoua with metallic antimony. It is a 
good conductor of electricity, and is odourless 
and tasteless. 

It is volatile at temperatures above 100°, and 
is rapidly vaporised at a dull-red heat. At the 
ordinary pressure it volatilises without previous 
fusion, the vapoui^ being yellow and of a garlic 
smell, but when heated under pressure it melts 
at 850°(±10°) (817°, Gouban, Compt. rend. 
1914, 158, 121 ; 852° Heike, Intern. Zoitsch. 
Metallograpliie, 1914, 6, 49). Joubert states 
that above 200° its vapour is phosphorescent 
(Compt. rend. 78, 1853). 

When the vapour is condensed at a tempera- • 
turo but little below the volatilising point, i.e. 
when condensed in an atmosphere of arsenic, a 
nearly white compact mass of strongly metallic 
lustre is produced which scarcely oxidises in the 
air even when heated to 80°. When it is de¬ 
posited on a colder, surface or in an atmosphere 
other than arsenic, it forms less dense, dark-grey 
crystals which readily oxidise in the air even in 
the cold, and especially on heating. 

Ludwig (Arch. Pharm. (2] 97, 23) has 
obtamed arsenic (?) with a perfectly bright sur¬ 
face resemblmg freshly granulated zinc, and of 
the low density 5’395, by distilling in a tube with 
a small quantity of iodine. 

1 Bettendorf (Annalen, 144, 110) has obtained 
a specular, amorphous, vitreous arsenic of sp.gr. 

4 ()9-4'716 by subliming arsenic in a stream of 
hydrogen and condensing it at 2l0°-220°. At 
3()0° it is converted into the crystalline form 
with the evolution, of considerable heat, and 
when heated suddenly it hisses and gives off 
vapour whilst transforming. 

There is a yellow form of arsenic of sp.gr. 
2*03 crystallising in the regular system. These 
various modifications are regarded as due to 
differences in molecular complexity, or as arising 
from the same quantity of matter distributed 
throughout a varying space (Kohlschiitter, 
Franlr and Elders, Annalen, 1913, 400, 268; 
Durrant, Chem. Soc. Trans. 1919, 134). Col¬ 
loidal arsenic is known and would appear to be 
soluble in carbbn disulphide. 

When heated in air it absorbs oxygen, burn¬ 
ing with a bluish flame and forming arsenious 
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oxide. In pure water it is unaltered, but when 
exposed to air it forms a grey powder supposed 
bv some to be a suboxide, but probably a mixture 
of metallic arsenic and arsenious oxide; this 
powder is sold as ‘ fly-powder.’ When powdered 
and thrown into chlorine, it ignites, forming the 
trichloride; with the aid of heat it combines with 
bromine, iodine, and sulphur. Hydrochloric 
acid has but little action on arsenic, but it is 
rapidly dissolved by nitric acid, aqua regia, or 
by a mixture of hydrochloric acid and potassium 
chlorate. 

When deflagrated with nitre it forms potas¬ 
sium arsenate. 

Arsenic is a constituent of many alloys; it 
is used for bronzing brass and for the manufac¬ 
ture of opal glass. 

(For the distribution of arsenic in commercial 
products, v. A meritous oxide.) 

Detection. — Arsenical compounds, when 
heated on charcoal, give 'off the characteristic 
garlic odour and white fumes of the oxide, with 
a whito incrustation on the charcoal some dis¬ 
tance from the assay. Metallic arsenic, and 
many arsenical minerals, such as mispickel, when 
heated in a tube closed at one end, form a 
blackish, sliming metallic ring on the cooler 
portion of the tube; if heated in a tube open 
at both ends, the arsenic is # oxidised, and^con- 
denses in a ring of white octahedral crystals, 
their shape being plainly visible under a lens. 
On cutting off the closed end of the tube con¬ 
taining the metallic mirror, and heating, it is 
also converted into the while ring higher up 
the tube. The white crystals dissolve in boiling 
water, and the solution shows the usual testa 
for arsenic. Antimony under like circumstances 
would produce a white ring, which, however, is 
not crystalline, and is not soluble in water. 
Oxides of arsenic require to be mixed with 
charcoal before they produce the black mirror. 
Sulphides require the addition of alkaline car¬ 
bonate or potassium cyanide, or they may be 
heated with buryi a alone (Brame). 

White arsenio when heated with about 3 
parts of sodium acetate, gives the offensive smell 
of kakodyl. 

In solution tho reactions of the two Beries of 
compounds, the arsenious and the arsenio, differ 
considerably ; generally speaking, arsenic com¬ 
pounds may bo converted into the arsenious 
form by heating with sulphurous acid or with 
a sulphite. 

Reinsch's test. If a pieoe of clean metallic 
copper is immerseu m a solution of arsenious 
acid or an arsenious compound acidulated with 
pure hydrochloric acid, it is coated with a grey 
film, which is probably an arsenide of copper. 
The action proceeds better at the boiling tem¬ 
perature. The acid must first be tested m the 
same manner to ensure tho absence of arsenic, 
which is always present in the commercial acid. 
The metal is washed, dried gently and heated 
in a tube, when the arsenic becomes oxidised 
and forms a crystalline ring on the colder part of 
the tube. A film due to antimony, as mentioned 
before, would not produce a crystalline nng. 

This method is used intestihg for and re¬ 
moving arsenic from hydrochloric acid, and in 
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toxicology; by it 1 part of arsenic can be 
detected in 250,000 parts of solution. 

It is not so delicate as Marsh’s or the electro¬ 
lytic mothod. 

When hydrogen is generated in a liquid con¬ 
taining an arsenious compound, the arsenio 
combines with it and passes off as the gaseous 
hydride ; many very delicate tests aro based on 
this reaction. 

( 1) Fleitmann*s test. Tho solution is mixed 
with excess of caustic potash, a piece of pure 
zinc, or of magnesium, or aluminium foil in¬ 
serted, and tho solution heated. A*pieco of filter 
paper moistened w'ith silver nitrate is held over 
tho mouth of the tube. In presence of arsenic, 
arseniurotted hydrogen is produced and reduces 
tho silver on the paper forcing a greyish or 
purplish colour. Antimony is not evolved in 
this test. Fleitmann’s test is therefore a reafly 
means of finding arsenio in presence of antimony; 
it is not, however, so delicate as Remsch’s, 
Marsh’s, or the electrolytic method. Or instead 
of silver nitrate tho paper (preferably Mieballet 
drawing paper), cut into strips, may be soaked in 
a. 1 p.c. solution of mercuric chloride and, 
after drying, exposed to the gas, when the 
arseniuretted hydrogen produces a stain. 

Qutzeit test. For a convenient form of 
apparatus for making this test, adapted to works 
practice, see Hollins, Jour. Soc. Cliein. Ind. 1917, 
36, 570. 

(2) Marsh's test. This or lieinsch’s test is 
usually used in toxicology. The solution is 
acidulated with pure hydrochlonc acid and in¬ 
troduced into an apparatus in which hydrogen is 
generated by means of pure sulphuric acid and 
zinc. Arsenic hydride is formed and is passed 
through a narrow glass tube, which is heated at 
one spot by a lamp ; tho arseniuretted hydrogen 
as it passes over tho heated portion is decom-* 
posed with the precipitation of arsenic as a black 
ring. In testing for very small quantities of 
arsenic, the action should be continued for about 
an hour. A blank experiment should always be 
performed in the Bame maiAier to ensure the 
purity of the zinc and acid. It is essential not* 
only to obtain zinc and acid which are free from 
traces of arsenic, but also to see that the zinc 
used is ‘ sensitive,’ and will permit all the arsenio 
in the solution to be evolved as arseniuretted 
hydrogen. The presence in the solution of 
certain metals—notably iron—is liable to retard, 
or entirely prevent, the evolution of arseniuretted 
hydrogen. (On the presence of arsenic in glass 
as a source of error in the detection of arsenio, 
v. W. Fresenius, Zeitscb. anal. Chem. 22, 397 ; 
Ber. 17, 2938.) Instead of heating the tube, the 
gas may be ignited at the mouth ox the tube, and 
the flame caused to impinge on a cold surface of 
porcelain, or preferably of platinum foil. The 
arsenic film may bo distinguished from that 
produced by antimony as follows :— 

(1) Tho arsenic film is quickly evaporated, 
while that of antimony only slowly disappears. 
Helling (Das Microscop in der Toxicologic) re¬ 
commends that small spotys be heated and the 
vapour received on a slip of glass, when, under 
the microscope, the octahedral crystals due to 
arsenic are visible. 
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(2) The arsenic film quickly dissolves in a 
freshly prepared solution of sodium hypo¬ 
chlorite ; the antimony film is very slowly 
soluble. Old hypochlorite solutions contain 
chlorite which dissolves the antimony mirror. 

(3) The antimony film dissolves quickly in 
yellow amkionium sulphide, leaving an orange- 
yellow residue on evaporation ; the arsenic film 
dissolves very slowly. 

Magnesium may also bo employed in place of 
zinc, and E. Davy and Al. Jandousoh use an 
amalgam of 1 part sodium in 8 parts mercury, 
with or without acid. 

The presence of nitrates or nitric acid inter¬ 
feres with this test, and the acids used should 
be dilute. 

Bettendorf's test. A solution of stannous 
chloride in concentrated hydrochloric acid is 
nhxed in a test-tube with a solution of the 
substance in hydrochloric acid, and heated to 
boiling, when a brown colouration indicates the 
presence of arsenic. 

For the detection of small quantities of 
arsenic in toxicology, Billeter (Helv. Chim. Acta, 
1918, 1, 475; Analyst, 1919, 51) recommends 
that the substance bo treated with nitric'and 
sulphuric acids to destroy organic matter, the 
sulphuric acid solution then distilled with the 
addition of sodium chloride and potassium 
bromide, the distillate evaporated with the 
addition of hypoohlorous acid, and the residual 
solution tested in the Marsh apparatus The 
distillation part of the process is essential to 
ensure removal of heavy metals, particularly 
mercury, traces of which completely mask the 
presence of relatively large quantities of arsenic 
in the Marsh apparatus. The addition of 
hypochlorous acid during concentration of the 
hydrochloric acid solution prevents* loss of 
^rsenic. 

(For the detection and estimation of aiseme 
by electrolytical methods, v. Arsenic in art. 
Analysis, Elkiviko-oiiemical.) 

Estimation .—Arsenic is usually estimated 
as (1) magnesium pyro-arsenate ; (2) as arsenic 
sulphide ; (3) as metallic arsenic. 

(1) For this method it is necessary that 
the substance should be present as an arsenic 
compound. The conversion from the arsenious 
to tne" arsenic condition may be effected by 
heating with nitrio acid ( v. Estimation as 
sulphide) or hydrochloric acid and potassium 
chlorate. 

The acid solution, which should occupy only 
a small bulk, is mixed with 1 magnesia mixture ’ 
and rendered strongly alkaline with ammonia, 
After standing for 24 hours, the solution is 
filtered, the last portions of the precipitate, 
which consists of ammonium magnesium arsen¬ 
ate, being washed entirely on to the filter paper 
with a little of the filtrate (the volume ot this 
filtrate should be noted roughly). The preci¬ 
pitate is then washed with a mixture of 1 part 
strong ammonia and 3 parts water, until omy a 
slight opalescence is produced on the addition 
of nitrio aoid and siWer nitrate to a few drops 
of the washings. It is then dried, detached as 
much ats possible from the filter paper, and 
transferred to a weighed porcelain crucible, 
moistened with nitrio acid, dned, and ignited, at 


first gently, and finally to bright redness. The 
paper is moistened with nitrio acid, dried, and 
ignited on the lid, and the crucible and its 
contents weighed. The ignited residue consists 
of magnesium pyro-arsenate Mg 2 As a 0 7 , and 
contains 48-27 p.c. of arsenio. 

On account of tho solubility of the ammonium 
magnesium arsenate, an addition should bo 
made to the weight obtained of 0-001 gram for 
each 16 o.c. of filtrate obtained, not counting the 
washings. 

(2) Tho arsenic for this method should be 
in the arsenious form. If arsenic compounds 
are present, they are preferably reduced by 
passing a current of sulphurous acid through the 
liquid, tho excess of that gas being driven off by 
subsequent heating. Sulphuretted hydrogen is 
then passed through tho liquid until thoroughly 
saturated, tho liquid left to stand for some time, 
the excess of sulphuretted hydrogon driven off 
by heating, and the precipitated arsenious sul¬ 
phide containing sulphur filtered off. The sul¬ 
phide is dissolved in ammonia, filtered if neces¬ 
sary, and the arsenic estimated in tho solution 
by one of the three following methods :— 

(a) The solution is evaporated to dryness in 
a porcelain dish, then covered with an inverted 
funnel, and fuming nitric acid added. After the 
first violent action has ceased, tho liquid is 
heated on a water-bath until the wholo of tho 
sulphur has disappeared, and only a small bulk 
of liquid remains ; * magnesia mixture * is then 
added, followed by excess of ammonia, and the 
process followed as already described. 

(b) The ammomacal solution is evaporated 
to dryness in a porcelain dish, and heated on a 
sand-bath to drive off the whole of the free 
sulphur and carbonise any organic matter 
(which is frequently present in toxicological 
analysis) without volatilising any of the arsenious 
sulphide. The residue is again dissolved in 
ammonia, filtered if necessary, evaporated to 
dryness, and gentlv heated m a weighed porce¬ 
lain dish, and weighed as arsenious sulphide 
A=» 2 S 3 (Mohr, Chem. Toxicologic, 56). 

(r) The arsenic in the solution may be 
estimated by means of standard iodine solution 
(Champion and Pellet, Bull. Soc. chim. [2] 26, 
5-11). 

(3) For this method the arsenical mirror 
obtained by the Marsh-Berzelius method or tho 
electrolylio method may be estimated by com¬ 
parison with standard mirrors obtained under 
similar conditions to the estimation. Experience 
has shown that when in the preparation of stand¬ 
ard mirrors, tho quantities of arsenio used differ 
by amounts such as 0-002 milligram, a series of 
mirrors can bo obtained showing differences in 
intensity which are sufficiently distinot and 
constant to be utilised for comparison. 

Separation from other metals .—Certain heavy 
metals, if present, would be precipitated with 
the arsenious sulphide by means of sulphuretted 
hydrogen. From the sulphides of lead, bismuth, 
&c., the arsenious sulphide can be dissolved by 
digestion in ammonium sulphide. The solution 
would also contain antimony and tin, if present. 
The separation of arsenio from those two metals 
may bo performed as follows :— 

From antimony. The mixed sulphides are 
oxidised with aqua regia , as already described, 
and tartaric aoid solution added, followed by 
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With potassium and sodium arsenio forms 
alloys which evolve arseniuretted hydrogen when 
placed in water. With platinum it' forms a 
fusible alloy, and was formerly used to facilitate 
the working of that metal. It forms an amalgam 
As 3 Hg 3 (Dumesnil, Compt. rend. 1911, 152, 
868 ). 

Arsenic trihydride. Arsenetled or arseni- 
urfitted hydrogen. Arsine. AsH 3 . This gas is 
formed. whenever hydrogen is liberated in a 
solution containing arsonious acid or an arsenite, 
as when zinc is intrpduced into an acid solution 
of the substance. It is a colourless, neutral, 
disagreeably smelling gas, slightly soluble in 
water, and highly poisonous, oven when much 
diluted. At a red heat it decomposes into 
arsenic and hydrogen. 

It can be condensed to a liquid, and forms a 
hydrate AbH 3 ,6H 2 0 (De Forcrand). 

It is evolved in the bronzing of brass with 
arsenic, in tinning sheet iron and frequently in 
the desilverisation of lead with zinc and subse¬ 
quent heating of the argentiferous zinc with 
acid. It is a very powerful reducing agent, 
precipitating silver, gold, and other metals from 
their solutions. Methods for the quantita¬ 
tive estimation of arsenic are based on this 
property. 

A solid hydride of arsenic H 2 As 2 is formed 
l»y the action of an electric discharge on the 
trihydride m an ozoniser, or by the decomposi¬ 
tion of sodium arsenide; or, mixed with 
arsonic, by the action of the trihydride on 
solid alkali hydroxide followed by tho addition of 
water: 

(1) AsH 8 +3K0H=K 8 As+3H 8 0 

( 2 ) 2K 8 As+iJII a O=As a H 2 +6KOII-f2H 3 

« (Reckleben and Scheiber, Zeitsch. anorg. Chem. 
■1911,70,256). 6 

Arsenious oxide. Arsenious acid. White 
arsenic. Flowers of arsenic; commonly known 
as 1 arsenic.' As 4 0 6 . 

Preparation.— In Cornwall, Devon, and at 
Swansea, arsenious oxide is principally prepared 
by roasting mispickel, which occurs mixed with 
iron and copper pyrites, tin ore, wolfram, blendo, 
galena, &c. These ores, if present in sufficient 
quantity, are separated as far as possible before 
roasting; tinstone by washing the finely 
powdered ore, and the other minerals by 
nand. Arsenious oxide is also largely prepared 
by roasting arsenical silver at Andreasberg, 
and from arsenical ores of nickel and co¬ 
balt. 

In ores from whioh arsenic is producod 
as a principal product, the arsenical pyrites 
generally occur to the amount of about 12 
p.c. 

The ores are usually roasted in a reverbera¬ 
tory furnace. In a common form, the furnace 
bed is fiat, 12-15 feet long and 7-9 feet wide 
in the middle; the arch is about 2 feet above 
the bed, and sinks «gradually towards the flue, 
at which end there is an iron door, through 
whioh me ore is raked (Fig. 1). 

From 8-15 owt. of the stamped dried ore is 
introduced through & hopper over the oentre of 


the fire-bridge and spread over the furnace bed. 
The heat is raised to dull redness and the ore 
is frequently stirred to ensuro thorough oxida¬ 
tion of the arsenic and sulphur. In about 10 
hours these have been expelled as oxides, and 
the arsenious oxide together with some of the 
sulphur collects in the flues. The spent ore 
is removed through an aperture in the bed, 
which is closed with an iron door during calci¬ 
nation. 

Two such furnaces are sometimes built side 
by side, separated by a wall, and with their flues 
uniting. The furnace beds slope gently towards 
a narrow fireplace. In the first instance 
tbe ore is introduced through a number of 
doors on each aide of tho furnace. As the ore 
is worked downwards its place is constantly 
supplied by fresh ore through an opening in tho 
root. 

Bmntons Calciner is much used in Cornwall. 
It is practically a reverberatory furnace with a 
revolving bed. The bed is of firebrick resting 
on a cast-iron table, and is higher at tho centre 
than at the periphery. It is usually 8 or 10 feet 
in diameter; it revolves three or four times in 
an hour by steam or water power, about half¬ 
horse powef being required. Thero are two 
fumacos on opposite sides of the bed. 

The dried and finely stampod ore is intro¬ 
duced through a popper over the centre of the 
bed. Above the bed are fixed radially three cast- 
iron frames in which are fastened a number of 
equidistant iron scrapers shaped like the coulter 
of a plough and plaoed obliquoly, so that, as tho 
bed revolves, they turn the ore over and outwards 
towards the periphery of the bed. It is thus 
thoroughly roasted, and, on reaching the edge, 
falls into the chamber beneath. 

Oxland and /docking's Patent Calciner 
(English Pat. 1868, 2960) is largely used, espe¬ 
cially for 1 rank , ores (Figs. 2 and 3). It consists 
of a wrought-iron cylinder, whioh, if 32 feet in 
length, is lined with sufficient firebrick to leave 
4 feet dear internal diameter. Four longi¬ 
tudinal ribs of firebrick occur within the furnace, 
leaving sufficient space at the upper end for the 
continuous supply of the ore. The cylinder is 
generally mounted in an inclined position, the 
slope being usually \ to 1 inch per foot, and is 
turned by means of a turbine or water-wheel 
once in 8 or 10 minutes upon friction-wheels. ^ 

The dried, finely powdered ore is introduced 
through an archimedean screw, or from a hopper 
at the upper end, and in the revolution of the 
tube becomes lifted to a certain height by the 
ribs of firebriok, and falls in a fine stream 
through the hot blast. In a few revolutions the 
ore is completely Oxidised, the arsenio burning 
off first, and finally reaches the lower end of the 
tube, where it falls through a chamber beneath. 
A calciner of the above size will roast 6 to 7 
tons of ore in 24 hours. In this furnace the 
amount of air required is minimised, thus render¬ 
ing the condensation less diflkmlt. The amount 
of fuel used is also small ( v . further, Henderson, 
Proc. Roy. Inst. Mech. Engineers, 1873). 

A modification of this furnace w r as patented 
by R. & C. Oxland (Eng. Pat. 7285, 1885). It 
iB so arrange^ that the products pass into the 
condensing chambers unmixed witn other gases. 
At the lower end of the rotating tube is a oast- 
iron prolongation, heated externally by a grate 
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stem of flues surrounding it. At the The practice in the West of England is to 
ie prolongation is a door for removing use these,types of furnace for specific purposes, 

the Oxland type for calcination of selected 
mispickel ore, usually the size of gravel; the 
Brunton and reverberatory type for the calcina- 
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known as achleich, is introduced through an 
opening in the top in charges of about 10 cwt. 
and spread 2 or 3 inches thick on the floor of 
the muffle. It is 
first heated to red¬ 
ness, and then more 
gently, with the 
muffle door open, 
to oxidise the mass 
thoroughly before 
sublimation. The 
operation is comple¬ 
ted in 11 or 12 hours. 

Condensation of 
the oxide. — The 


These chambers are oleared at intervals, 
some everv fortnight, those at Silesia once in 
two months. Two setB of ohambers are fre- 



Transvcr.se Section. 


Fig. 6. 


Longitudinal Section. 
-Subliming Furnace 


vapours passing off in the roasting are carried i quently used, so that one set may be working 
through chambers so arranged that the gases ! while the other is being cleared, 
come in contact 'with a very large condensing • The oxide produced by all processes except 
' I that of the muffle is known as ‘ arsenical soot.* 



surface passing through a series of chambers 
before escaping into the air. At the Devon Great 
Consols and other large works, the chambers 



Fio. 8 .—Reichenstein Furnaces. 

are mad% of thin brickwork covered with iron 
plates to Assist the cooling of the gaseous oxide. 
The ores, before calcination, are dried over iron 
plates on the condensers. 


I and is impure, containing carbon and sulphur 
compounds ; when s,o mixed it. is of a dark-grey 
colour and requires to be resulthmed. 

The condensing chambers connected with 
the muffles in Silesia are in a lofty building 
oalled the * poison tower ’ (Otftthilrme). The 
gases traverse, by a sinuous course, a series of 
chambers, depositing the finest product in the 
lower ones, that in the upper chambers contain¬ 
ing sulphur. The chambers are cleared about 
eveey 2 months, «ind contain about 25 tons 
of white arsonic poison flour/ or Oiftmehl). 
Being comparatively pure, it does not usually 
require refining, but may be at once converted 
into arsenical glass. The workmen engaged in 
clearing the chambers are clothed in leathern 
garments with glazed apertures for the eyes, 
and wear wet cloths over thoir mouths and 
noses to absorb the irritating fumes. It is 
stated at Salzburg that only ‘ arsenic-eaters ’ 
can perform this work continuously. 

Refining or resuhlimalion .—For this purpose 
a roverberatory furnace is used, which is usually 
much shorter than that in which the oalcination 
is performed. The arsenical soot is charged 
from the top and paddled down through doors 
at the side, more being added as it sublimes. 
The fuel used is smokeless, usually a mixture 
of anthracite and coke. 

The sublimate is collected in chambers 
similar to those already described. It is white, 
glistening, and minutely crystalline. It is 
ground between millstones, and is thence fed 
mto kegs from a hopper through a leathern 
hose which fastens to the top of the cask and 
prevents any escape of the powder. 

Arsenic glass, or vitreous white arBenio, is 
prepared by volatilisation of the powder under 
slight pressure. F5r this purpose, at Swansea, 
a cast-iron pan is used 2 feet in diameter and 
surmounted hy a bell 2 feet 6 inches high. The 
pan is heated to a cherry red, and about £ owt. 
of refined white arsenic introduced through an 
opening in the top of the bell, which is then 
closed with a plug. In about 2 hours the whole 
has evaporated and condensed on the bell as a 
transparent glass; more white arsenic is then 
introduced and condensed, until after 24 hours 
the glass has reached a thickness of about 
1 inch. The later charges, owing to the con¬ 
densing surface being hotter, require about twice 
as long to condense as the first. * 

At Silesia the Bubliming pots are deeper 
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fend of greater capacity; they are surmounted 
by iron arums and oonioal caps, which condense 
the ‘ glass ’ and open into condensing chambers. 
The temperature is oarefully regulated. The 
arsenio glass produced amounts to about 92 p.c. 
of the 1 flowers * used. 

Analyses of Arsenic Powder and Arsenic Glass, 

(1) Powder from Altenborg, from the con¬ 
denser ot a tin roasting furnace, near the 
furnace end (Lampadius). 

(2) I)o. from further end of condenser 
(Lampadius). 

(3) Bo. from Obersclilema (Lampadius). 

(4) Arsenic glass from Andreas berg (Streng). 


(1) (2) (3) (4) 


Arsenious oxide 

90-1 

95 85 

94 31 

98-2 

Arsenious sulphide 

, 2 05 

0-32 

I 03 

— 

Bismuth. 

, — 

— 

0-25 

— 

Sulphur . 

. 0-73 

0*71 

0 50 

— 

Ore-dust 

, 5*51 

2-05 

3 05 

— 

Antimonious oxide 

— 

— 

— 

1-68 


Properties and uses of arsenions oxide .— 
White arsenio occurs in the amorphous or glassy 
form, and in two crystalline modilieations; 
(1) the octahedral or common form, of sp gr. 
3*874 at 0°, and (2) in trinictne prisons, occasion¬ 
ally found m sublimates ; tlig> form is convoked 
into the octahedral variety when heated or 
boiled in water. 

The amorphous form is transparent when 
first prepared, but becomes opaque when exposed 
to the air, ospooially when damp, diminishing 
slightly in specific gravity and forming the 
crystalline oxide. The action commences at. 
the outside, so that even after a considerable 
time a piece is frequently found with a trans¬ 
parent nucleus. The vitreous form muy bo kept 
in a scaled glass tube unchanged for years. 

The vitreous lorm, according to Buchner, is 
soluble in 108 parts of cold water, whilst the 
opaque form rcqmros 355 parts; the solubility 
ol an ordinary piece is therefore doubtful, depend¬ 
ing on the amount of change it has undergone. 
It is very soluble in glycerol, and is stated by 
Jackson to form glyreryl arsenile (Chem. News, 
49, 258). 

On making a strong solution of the vitreous 
form in dilute hydrochloric acid by dissolving 
3 parts in a mixture of 12 hydrochloric acid 
and 4 water, and slowly cooling, it is deposited 
in the octahedral form, each crystal as it falls 
producing a flash of light (H. Rose). If these 
crystals be redissolved or if the opaque form 
be used, no light is produced on crystallising, 
that phenomenon appearing to depend on the 
change of the amorphous into the crystalline 
form at the moment of crystallisation. 

At about 193° nrsemous oxide softens and 
sublimes without fusion ; it fuses under pres¬ 
sure ; its vapour is colourless and odourless. 
It is acid to test papers, but does not appear to 
form true arsenious acid on solution in water. 

Arseuious oxide is a powerful febrifuge, being 
sometimes efficacious when quinine has failed. 
It is highly poisonous, 2 or 3 grains being a 
very dangerous dose. When u^ed habitually, 
however, comparatively large quantities may be j 
taken with impunity. The inhabitants of Styria j 
eat it under the name of * hydrach,’ to increase | 


their endurance. Many authentio cases are 
recorded of 6 grains and upwards being taken 
without'ill effect. Arsenio-eaters are stated to 
be fresh complexioned, with a tendency to 
si outness, to be long-lived, but to die suddenly. 
The workmen engaged in the manufacture of 
dyes where arsenic acid is used hav^ been ob¬ 
served to havo this tendency to stoutness (v. 
Roscoe, Mem. of Lit. Phil. Soc. Manchester, 
1860). In cases of death from poisoning, the 
greater part of the arsenic appears to be con¬ 
tained in the liver and intestines ; of the bones, 
those ol the pelvis and neighbouring vertebrae 
appoar to contain most. 

Arsenious oxide is adsorbed by ferric 
hydroxido under conditions which have been 
studied by Lockemann and Lucius (Zeitsch. 
physikal. Chem. 1913, 83, *735). The total 
adsorption follows the formula E = &A*, ip 
which E represents the mg. of iron hydroxide, 
A the number of mg. arsenic per 100 c.o., 
and and p are constants, which differ for 
different temperatures. The total adsorption 
is not materially influenced by the presence of 
sodium or ammonium salts. The piecipi- 
tation of arsenic by iron hydroxido is a 
usable process for-the purification of concen¬ 
trated salt solutions, and for the detection of 
small traces of arsenic in solutions or nitre 
fusions 

In manufactures, arsenious oxide is used; 
in glass-making, to remove the colour produced 
by the lower oxides of iron; in enamelling; 
in calico-printing; as a constituent of white 
fire in pyrotochny; for tho prevention of boiler 
incrustations (40 parts white arsenio to 9 so¬ 
dium carbonate); in the manufacture of arsenio 
acid ; and of lly and rat poisons; and in the 
manufacture of a large number of pigments, 
arsenic being lound m green, bluo, pink, white, 
brown, and other colours. As a preservative, 
it is thrown into tho holds of ships, to prevent 
vegetable decomposition; as a wash for walls 
in India, to prevent insect ravages; to prevent 
smut in w heat; and with sodium carbonate as 
a wash for sheep; and in arsenical soap, for 
preserving skins. 

Arsenious oxide is employed in the fixation of 
aniline colours, especially of aniline blue. It is 
used principally for preparing steam colours, 
either as a solution in glycerol containing 4 lbs. 
of the oxide to 1 gallon of glycerol, under the 
name ‘ arsenic and glycerine standard ’ ; or as 
sodium arsenite, dissolved in sodium carbonate 
or borate. 

In medicine it is used as Fowler’s solution, 
which contains 4 grains of the oxide (in the 
form of sodium arsenite) in each ounce of fluid. 
In India it has been used as a cure for hydro¬ 
phobia and serpent poisoning. In veterinary 
surgery it is largely used as a tonic, to eradicate 
worms, and for improving the coats of horses. 

It occurs, either as an impurity or as an 
adulterant, in a large number of commercial 
products. Besides the ordinary commercial 
compounds in which arsenic is expected to be 
present, it has been found in caustic soda, 
potassium chlorate, commdtcial glucose (Clouet 
and Ritter), and in wine free from#artificial 
colouring matter (traced to sulphuric acid used 
in purifying tho casks). Dr. Tidy found about 
38 p.c. of arsenious oxide in some ‘ violet powder ’ 
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whioh had oausod the death of at least two 
children (Lancet, Aug. 21, 1878). 

In the year 1900 occurred a serious epidemic 
of arsenio-poisoning due to contamination of 
boer through the use of brewing sugars, glucose, 
or ‘ invert ’ sugar containing arsenic. The 
arsenic wKs introduced# by the use of highly 
arsenical sulphuric acid m the production of 
the sugars. The total number of jiersons who 
suffered in consequence of the epidemio was cer¬ 
tainly 0000, and probably considerably greater. 
At least 70 deaths were attributed to the epidemic. 

Coal or v coko used for malt drying always 
contains arsenic; with an ordinary malt kiln 
part of the arsenic volatilises and may deposit 
on the malt. Various methods have been tried 
and adopted in which it has been found that 
access of arsenic .to malt may be obviated or 
diminished (Royal Commission: Arsenical Poison¬ 
ing, 1903). 

(For a statement of the amount of arsenio in 
the varieties of pyrites, and of its distribution 
in the preparation of sulphuric acid and alkali, 
t>. H. Smith, Phil. Mag. [4] 44, 370 ; Chom. News. 
26, 176; and C. Hjelt, Dingl. poly. J. 226, 
174-181.) I 

Fresenius finds that the arsenic in many 
chemical glasses is removed by alkaline, but not 
by acid liquids; the bearing of this on judicial 
investigations is important. 

The commercial articlo is frequently adul¬ 
terated with gypsum, chalk, &c., these may 
easily be detected by heating a little on a Knife, 
when they will romam after the oxide has 
volatilised. 

Sodium arsenlte. Acid sodium arsenite 
NajO 2 Ah 2 0 3 *2Hj0 

is prepared by dissolving arseiuous oxide in a 
solution of caustic soda or sodium carbonate, 
and evaporating the solution. Tho neutral salt, 
*Na 2 0\As 2 0 3 , is formed by boiling this compound 
for some time with sodium carbonate, and 
washing the residual salt with alcohol (Pasteur). 

Potassium arsenite is prepared in a similar 
manner. 

Sodium arsenite is used as a substitute for 
dung in dyeing, but is not so reliable as the 
arsenate. It enters into tho composition of all 
preparations in which arsenious oxide is dis¬ 
solved with sodium carbonate. 

A solution undergoes slow oxidation on 
warming in contact with air. 

An arsenite of chromium and iron is used as 
a green pigment in wall-papers. 

Scheme’s green. Arsenite of copper. Hydro 
cupric arsenite. CuHAs0 3 . 

- Aooording to Scheele’s method, 11 oz. ar- 
senious oxide are gradually added to a solution 
of 2 lbs. potassium carbonate in 10 lbs. boiling 
water; this is filtered and poured into a solu¬ 
tion of 2 lbs. copper Bulphato in 30 lbs. water, 
so long as a grass-green precipitate falls. The 
precipitate is thrown upon a filter cloth, 
washed with warm water, and dried gently 
with tho production of about U lbs. of the 
pigment. 

Scheele’s green is a pulverulent, fine light- 
green colour, formerly larg. ly used in calico- j 
printing •and for wall-papers. It is, however, ' 
much lesk used at tho present time. It dissolves 
entirely in excess of alkali or in acids. 

Schweinfurth green. Imperial green. Eme¬ 


rald green. Mitis green. A ceto-arsenile of copper 
(when mixed with gyspum or heavy spar, known 
also as Mountain or Neuwieder green). 

BCuOASaOa-Gu-fCaHsO^ 

Five parts of verdigris (basic copper acetate) 
are made into a thin paste with water and added 
to a boiling solution of rather more than 4 parts 
arsenious oxide in 50 parts water; the solution 
is kept boiling duiing the mixture. If a yellow- 
green precipitate falls, a little acetic acid is added, 
and the solution boiled a few minutes longer ; the 
precipitato becomes crystalline and soon acquires 
tho characteristic green colour. 

A very fine product is prepared by the follow¬ 
ing method :—Boiling, concentrated solutions of 
arsenious oxide and copper acetate are mixed in 
such proportions that equal woights of the two 
substances are present when a bulky olive-green 
precipitate falls ; an equal bulk of cold water 
is then added and ‘the mixture placed in a 
flask which it fills to the neck, thus preventing 
any pellicle which may form on the surface from 
falling through the liquid and causing a prema¬ 
ture crystallisation. The colour under these 
circumstances takes two or three days to perfect, 
the beauty of the product boing much increased 
by slow formation. The workmen engaged in 
tho j,repara I ion of 4 his pigment do not appear to 
be injured by it. In contact with organic matter 
it is, however, liable to change. By the action 
of damp and moulds, such as Pemcilltum 
brevtcaule, Aspergilli, &c., on paper colourod 
with this pigment a peculiar odour is frequently 
produced, which appears to ho due to the forma¬ 
tion cf diethyleacodyl oxide [As(G 2 H 6 ) 2 l 2 0, 
unaccompanied, as formerly supposed, by 
arseniuretted hydrogen (Klason, Ber. 1914 
47, 2634). 

Arsenic oxide. Arsenic acid, Arsenic pent- 
oxide, Acide arshngue, Arsensdure , Acidum 
arsenicAim. As 2 () & . 

Produced when arsenious oxide is acted upon 
by an oxidising agent. 

On tho largo scale 4 parts white arsenic are 
gradually added to 3 parts nitric acid of not less 
than 1-35 sp.gr. in a vat capable of holding 
from 65 to 70 kilos, of white arsenic. Great 
heat is produced and the evolved fumes are 
passed over eoko moistoned with water, whereby 
about two-thirds of the nitric acid is recovered, 
in 24 hours a syrupy liquid is formed, con¬ 
taining a small quantity of arsenious oxide, 
which may he oxidised with a little more nitric 
acid. 

Ivostner performs the oxidation in large 
glass flasks, tho nitrous fumes being passed 
through lead pipes and condensed in leaden 
chambers. 

Arsenic oxide has also been prepared by 
suspending arsenious oxide in water, passing a 
current of chlorine through the liquid, and 
evaporating the solution thus produced. 

It is a deliquescent solid fusing at a dull-red 
heat, of acid metallic taste and acid reaction. 
It dissolves in C parts cold and in 2 parts hot 
water. The solution evaporated in an open 
j* 50 .°’ or umJcr increased pressure at 
I.iU , deposits crystals of the 
■'tAsjOj.rjfijO. Above 200° cryst 


composition 
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separate. Concentrated solutions crystallising 
spontaneously or by freezing deposit tho 
hydrate H 8 As() 4 JH a O, or mixtures of this with 
3 Ah 2 0 5 ,5H 2 0 (BalarcfF, Zeitsch. anorg. ('hem. 
1911, 71, 73). A cold, strong solution blisters 
the skin. Arsenic oxide and its salts are Jess 
poisonous than the corresponding arscnious 
compounds. 

Sodium arsenate. Ilydric disodic arsenate; 
‘ Dung salt.' Na 2 HAs() 4 . 

It is prepared by saturating arscnious oxide 
with crude soda ash, drying, and deflagrating 
with sodium nitrate m a reverberatory furnaee. 

Arsenate of soda is largely used in calico- 
printing as a substitute for dung, its feebly 
alkaline properties rendering it useful for that 
purpose. 

Arsenate of iron is an amorphous green 
powder containing 33Mi p.e. arsenic. 

Arsenic sulphides. Arsenic forms three 
well-defined sulphides, As 2 Sj, As 2 S 3 , and As 2 S fi , 
the two former occurring naturally. A large 
number of other sulphides of indefinite com¬ 
position also exist. 

Arsenic disulphide or Realgar. Ruhy sul¬ 
phur. Rothes Rauschgelb. Rothes Schwefii. 
Sulphur6 rouge. Orpin rouge. Rmgallo. 
Sandamca. As 2 S 2 . 

Prepared by fusing together arsenic qjfd 
sulphur or orpiment in the proper proport ions. 
On the large scale it is obtained by distilling a 
mixture of arsena’ul ores, such as arsenical and 
iron pyrites, with sulphur or with the sulphide 
of arsenic precipitated in the purification of 
sulphuric acid. 

The mixture should contain about 15 p.c. 
arsenic and 20-28 p.c. sulphur; it is placou m 
flask-shaped earthenware retorts, holding about 
00 lbs. when two thirds full, which are connected 
with similar receivers. The retoits are gradually 
heated to redness and kept so for 8-12 hours. 
The crude realgar should be compact, daik, 
and rich in arsenic. if sulphur be in excess it 
is friable and light icd. It is re-melted rapidly 
in cast-iron pans with the requisite amount of 
sulphur or aisenic, or with realgar of poorer 
qualify. The mass is cleared of slag and heated 
until quite fluid, and until a small quantity 
shows Mie proper appearance on cooling. It is 
then poured into conical sheet-iron moulds. 

(Greater care is necessary in the preparation 
of realgar than of orpiment, and an assay is 
frequently made to ascertain the exact propor¬ 
tions required before the final melting. 

It is hard and brittle, generally opaque, with 
vitreous conehoidal fracture, orange or hyacinth 
red in mass and orange-red* in powder. Its 
sp.gr. is 3'4-3’6, and its usual composition 
is arsenic 75, sulphur 25. It volatilises i 
easily before the blowpipe with a smell of garlic ! 
and burning sulphur, is insoluble in water or hy- I 
drochlorio acid, but soluble in alkaline sulphides. 

Realgar is a constituent of blue fire and of 
‘ white Bengal fire,’ which is used as a signal 
light, and consists of realgar 2, sulphur 7, 
potassium nitrate 24. 

The finest variety, especially that which 
occurs native, is used as a pigment Jjy artists. 

Arsenic trisulphide or Orpiment. Operment. 
Odbes Rauschgelb. Risigallum. Auripigmen- 
turn (of which its usual name is a corruption). 
Yellow Sulphide of Arsenic. As 2 S 3 . 

Vol. L— T, 


This Ridpbide is formed as a yellow pre¬ 
cipitate when sulphuretted hydrogen is passed 
through a solution of arsenious acid in hydro¬ 
chloric acid. 

Precipitated arsenious sulphide is appreciably 
decomposed by water, and even by alcqjhol, with 
formation of hydrogen' sulphide. It is also 
attacked to a considerable extent by dilute 
hydiochlonc acid, but the action of dilute acid 
or of water is chocked by the addition of 
hydrogen sulphide. The precipitate is apt to 
contain arsenic hydrosulphide As(SH)«, together 
with arsenious oxide (Schmidt. Aren. Pharm. 
1917, 255, 45). 

On the large scale it is prepared by subliming 
sulphur with arsenious oxide, 2 parts of arsenious 
oxide and 1 part sulphur being a common pro¬ 
portion ; tho colour of the product is lighter when 
less sulphur is used. • 

According to R. Wagner, a very fine colour 
may be produced as follows:—2 parts finely 
ground barium sulphate are calcined with 1 part 
powdered charcoal or other carbonaceous matter, 
and tho product is pulverised, mixed with 1 part 
ground orpiment, boiled in water and filtered. 
Tho solution, containing a sulpharscnite of 
barium, is precipitated by the addition of sul¬ 
phuric acid. By the addition of a suitable 
amount of barium chloride before precipitation, 
the pigment may be correspondingly lightened in 
colour. 

Orpiment is insoluble in water but very 
soluble in alkalino sulphides. It was formerly 
much used as a pigment under tho name of 
King’s Yellow, but now is largely replaced by 
chrome yellow. The lighter varieties contain 
as much as 80 to 90 p.c. of arsenious oxide, 
and are consequently very poisonouB. The 
darker varieties contain from 1 p!e. to 15 p.c. of 
the oxide and from 0 2 to 3 p.c. non-volatile 
matter. It is used in pyrotcchny, and tho finer 
kind, especially the mineral, is made into 
pigment for artists. 

It was formerly used as a deoxidising agent 
in the reduction of indigo hjue, and in am- 
moniacal solution in silk-dyeing. A mixture 
of 9 orpiment and 1 quicklime made into a 
paste with water is used under the name of 
‘ Rusma ’ for removing hair from skins, but is 
now generally replaced by tho solution of 
sulphide of lime prepared from the spent lime 
gasworks. 

Sohultze (J. pr. Chcm. 25, 431) considers that 
another form of the trisulphido exists which is 
soluble in water (v. Colloids). For a description 
of its properties, see Dumanski, Zeitsch. Cnem. 
Ind. Kolloide, 1911, 9, 202. 

Arsenic pentasulphide As a S 5 . Berzelius in 
1826 stated that this compound was formed when 
sulphuretted hydrogen is passed through a 
moderately concentrated solution of arsenic acid, 
but the precipitate was generally considered to 
be a mixture of the trisulphide and sulphur. 
Bunsen in 1878 showed that it was produced on 
passing a rapid current of sulphuretted hydrogen 
through a hot hydrochloric acid solution of an 
alkaline arsenate, and his results were confirmed 
by McCay in 1887 ( cf. Brauner and Tqmitek, 
Ckem. Soc. Trans. 1888, 147 ; Travers and 
Usher, Chem. Soc. Trans. 1906, 87, 1370; and 
Foster, J. Amer. Chem. Soc. 1916, 38, 52). 

Arsenic pentasulphide is totally insoluble in 

2 o 
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water, alcohol, or disulphide of carbon. The 
dry substance, on rubbing in a mortar, becomes 
strongly electrical. 

Arsenic chloride. Butter of arsenic. Caustic 
oil of arsenic AsCl 3 is produced by the action 
of chlorK*e on arsenic; by distilling arsenic 
with mercuric chloridr; by heating dry 
arsenious oxide with sulphur monochloride at 
100°-125° : As 4 0 6 +GS 2 ( , 1 2 =-4AsC 1 3 +3S0 2 +9S, 
and by distilling arsenious oxide with strong 
hydrochloric acid. It is a colourless, oily liquid, 
of sp.gr 2;205 0°/4° boiling at 130’2° (Thorpe). 
A solution of arsenious oxide in strong hydro¬ 
chloric acid loses arsenic on evaporation, but 
unless concentrated the loss by volatilisation is 
small. A A/10 solution of arsenious chloride, 
A/l as regards jicidity, may bo concentrated 
,to half-bulk without loss of more than one- 
thousandth part of the arsenic present. 

Arsenic tri-iodide forme garnet to scarlet- 
red hexagonal crystals : obtained by mixing 
arsenious oxide with iodine, and, after standing, 
extracting with carbon disulphide. 

The cnlond • and iodide are used to a slight 
extent in medicine. H. W. H. 

ARSENICALS, ORGANIC. Historical. 
The study of organo-arscnical compounds dates 
from the discovery of ‘ Cadet's fuming arseni¬ 
cal liquid,’ a compound with an intolerable 
Btench, and the singular property of spon¬ 
taneous inflammability in air at ordinary tem¬ 
peratures to which L. (A Cadet de (Jassicourt 
refers in his memoir on the production of sympa¬ 
thetic inks published in 1700. Tins liquid 
formed the distillate when equal parts of arsen¬ 
ious oxide and potassium acetate were heated 
in a glass retort. Guyton de Morveau, Morel, 
and Durande, who worked* in Dijon, confirmed 
this discovery about oightecn years later, and in 
1804 Thenard published further researches on 
the liquid (Ann. Ohim. 1*1 lys. 30 Vendcmiaire 
An. xiii. 1804, 52, 54), coming to the conclusion 
that the product was a complex acetate con¬ 
taining arsenic. The next important contribu¬ 
tion to the subject was made in 1837 (Pogg. 
Ann. 1837, 40, 219 ; 42, 145; v. Annalen, 
1837, 24, 27 ; 1839, 31, 175) when Robert 
Wilhelm 4 Bunsen commenced his classical 
researches, which were carried on for a period 
of syc years. He allowed tfiat the distillation 
product of arsenious oxide and potassium acetate 
contained the oxide of an arseniuretted radical, 
a group containing arsenic, carbon, and hydrogen 
which' remained unchanged in composition 
when the oxygen was replaced by the halogens, 
sulphur or cyanogen. At first Bunsen supposed 
that tlie product contained no oxygen, and was 
C 8 H c Ah, and as this formula represents alcohol 
in which oxygen is replaced by arsenic, he 
adopted the name Alkarsin for the supposed 
arsenical analogue of alcohol. Berzelius sug¬ 
gested the presence of oxygen in Bunsen’s 
* Alkarsin ’ (i.e. the original distillate), and gave 
the name Kakodyl (Gr. kakos-od>l) to the com¬ 
pound radical which functioned as a ‘ compound 
element ’ in the series of reactions of 1 alkarsin.’ 
It is now evident* that the distillate dealt with 
by thfr early workers must have contained, 
according to experimental conditions, varying 
amounts of cacodyl oxide and cacodyl, and this 
would account for the lack of uniformity in the 
interpretation of the results and for some 


temporary confusion in nomenclature. Further 
systematic investigation by Bunsen (Annalen, 
1841, 37, 1-57; 1842, 42, 14-46 ; 1843, 46, 
1-48) showed that the main constituent of 
i Cadet’s liquid is caoodvl oxide, which he was 
j able to prepare in a pure state (‘ paracacodyl ’) 
by the hydrolysis of cacodyl chloride with 
1 potassium hydroxide. He also oxidised cacodyl 
j oxide further to cacodylic acid (alkargen), and 
finally ho isolated the radical cacodyl itself. 

| The inner structure of the cacodyl radical was 
! not investigated by Bunsen, but Frankland, 
j Kolbe, and others have since shown that tho 
radical may be regarded as tervaWt arsenic 
| associated with two methyl radicals. The 
cacodyl radical is As(CH 3 ) 2 , and in the free 
state this univalent complex doubles on itself 
I to give cacodyl As ? (0H 3 ]r 4 . Cacodyl oxide and 
j cacodyl chloride have the structures : 

;:;;»>a 8 -ci 

Arsenical compounds containing aromatic 
radicals were first investigated by Bechamp 
(Compt. rend. I860, 50, 872; 51, 35G ; 1863, 
55, 1172), who, studying the oxidising action 
of arsenic acid on aniline (cf. Maoknta), noted 
that a colourless condensation product could be 
chained This substance functioned as a 
| monobasic acid,' 1 and Bechamp assumed that 
1 the compound was an anilide of ortho- arsenic 
acid C,H 5 -NH As()(()H) 2 . 

Ehrlich and Bertheim have since shown 
(Bcr. 1907, 40, 3292) that the product is p- 
I aminophemlarsime acid NH 2 C 6 H 4 AsO(OH) 2 . 

The sodium salt 

NH 2 -C,H 4 -As0(0H)*0Na,a:H 2 0 

(x=2-6 in various preparations) is tho Atoxyl 
of therapeutics. 

Ehrlich, who observed that aromatic com¬ 
pounds containing tcrvalent arsenic as distinct 
from the quinquevalent Atoxyl series had a 
more pronounced action in protozoal diseases, 
now instituted very extensive researches which, 
after 605 trials, culminated in the preparation 
of Sulmrsau , or ‘ 606,’ in 1910. Neosalvarsan, 
or ‘ 914,’ was discovered in 1911, and both these 
substances have been highly successful in tho 
arsenical treatment of syphilis. 

More recent work lias trended in the direc¬ 
tion of increasing in these substances the 
trypanocidal power and reducing toxicity to 
the patient. Co-ordination compounds of salvar- 
Ban with heavy and noble metals have been 
investigated. Luuryol, which has met with 
great success in Itlio French Army, is a complex 
of salvarsan, silver bromide, and antimony. 
The preparation of primary arsines by Palmer 
and Dehn (Ber. 1901, 34, 3594) has prompted 
further researches on organo-arsenic compounds 
of therapeutic value. Tho discovery that the 
diazo- reaction could be applied to the synthesis 
of aromatic arsenicals has given a further 
impetus to the study of these compounds (Bart, 
1) R. P. 250264; Eng. Pat. 568, 1911). 

Cacodyl and its more important De-* 
RIVATIVB3 (Bunsen, Annalen, 1842, 42, 14). 

Cacodyl [As(CH 3 ) a ] s , Tetramethyldiamne, a 
colourless, highly refractive liquid with intoler¬ 
able smeU; b.p. 170°; solidifies at *-6% 
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forming square plates; vapour density 7*1; 
sparingly soluble in water, is prepared by 
treating cacodyl chloride with metallic zinc in 
an atmosphere of carbon dioxide. It inflames 
spontaneously in air, giving carbon dioxide, 
water, and arsenious oxide. It behaves as a 
univalent or tervalent radical combining with 
sulphur and the halogens. 

Ethykacodyl ( Tktraethyldiarsine) [As(C 2 H 5 ) 2 ] 2 
an oil, b.p. 185°-190°, is produced, together with 
triethylamne As(C 2 H 6 ) 3 , b.p. 140°, by the inter¬ 
action of ethyl iodide and sodium arsenide; 
it yields, on oxidation, diethylarsmic acid, a 
soluble crystalline product (Landolt, Annalen, 
1864, 89, 310 ; 92, 305). Dinuthyldtisoamyl- 
cacodyl (CH 3 ) 2 A8'As(C 6 H n ) 2 , obtained by the 
following general method (Helm, Amcr. Chem. 
J. 1908, 40, 123): * 

R 2 AsH+ClAsR' 2 =l{Cl+R 2 AsAsR' 2 
from a secondary arsine and a secondary arsenious 
chloride. 

Cacodyl oxide [As(CH 3 ) 2 | 2 0, the main con¬ 
stituent of Cadet’s liquid, is a heavy oil; sp.gr. 
1'402/15°; b.p. 120°; solidifies at —25°; 
vapour density 7'55 ; sparingly soluble in water. 
It is prepared by distilling cacodyl chloride with 
aqueous potassium hydroxide, drying and re¬ 
distilling in atmosphere of carbon dioxide 
(Baoycr, Annalen, 1858, 107, 382). t 

Cacodyl chloride As(CH 3 ) 2 Cl, colourless liquid, 
heavier than water; b p. 100° ; vapour density 
4*56 ; is insoluble in water. It has a penetrating, 
stupefying odour, and has a marked irritating 
action on th * mucous membrane of the nose. 

Concentrated hydrochloric acid and mer¬ 
curic chloride are added successively to Cadet's 
arsenical liquid, and the resulting crystalline 
magma is liquefied by the addition of more 
hydrochloric acid and distilled. The distillate 
containing cacodyl chloride is purified by treat¬ 
ment with calcium carbonate to remove the 
acid, and with anhydrous calcium chloride to 
remove water. 

Cacodyl cyanide As(CH 3 ) 2 CN, colourless 
prisms ; m.p. 33 ; b.p. 140° ; sublimes readily 
at ordinary temperatures to an exceedingly 
poisonous vapour. Is soluble in alcohol and 
ether, sparingly soluble in water. It is prepared 
by interaction betwoen cacodyl and mercuric 
cyanide : 

[As(CH 3 ) 8 J 2 +Hg(CN) a =Hg+2As(CH 3 ) a 0N 

Cacodyl sulphide [As(CH a ) a ] a »S, colourless oil; 
b.p. well above 100°; insoluble in water; 
miscible with ether and alcohol. 

Cacodyl disulphide [As(CH 3 ) 2 ] 2 S 2 , white 
rhombic plates; m.p. 50% Cacodyl cupn- 
sulphide Kd 2 S,3Cu 2 S, lustrous octahodra. 

Cacodylic acid . Dimcthylarsinic acid . 

As(CH 8 ) 2 0-0H, 

(Bunsen, Annalen, 1843, 40, 2), inodorous 
colourless prisms ; m.p. 200°; very soluble in 
water and alcohol. Is prepared by the 
oxidation of cacodyl oxide with mercuric oxide 
under water. It is very stable, not decomposed 
by the strongest oxidising agents; it forms 
crystallisable salts, certain of which have been 
used in medicine, including sodium cacodylate 
-Kd0 2 Na,3H 2 0 (Ph. Hclv.). 

Cacodyl trichloride (CH 3 ) a AsCl 8 (Baeyer, 
Annalen, 1858, 107, 203), which crystallises 
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from other in prisms or leaflets, is very unstable, 
fumes in. air, and decomposes at 40°-60° into 
mcthylarsenious chloride CHj'AsClj and methyl 
chloride. 

Syntheses of Aliphatic Ars^ical's. 

I. Interaction of an Atkyl Halide with an Alloy 

of Arsenic (Cahours, Compt. rend. 1859, 49, 
87). 

Mothyl iodide reacts at 180° with zinc or 
cadmium alloys of arsenic, yielding doublo 
salts of the formula?: • 

2As(CH 3 )J,Zn] 2 and 2As(CH a ) 4 J,CdI a 
From these, tetramcthylarsonium iodide is 
obtained by treatment with caustic alkali. 

II. Interaction of an Alkyl Halide with Elemental 

Arsenic. • 

A modification of the first method by which 
the alkyl halide and arsenic are heated together 
in a sealed tube at 100°-200° ((’ahours, Annalen, 
1802, 122, 200). If amorphous arsenic bo used 
the reaction may be brought about at ordinary 
temperatures (Martindale, Congress of Applied 
Chemistry, 1909). In either case a double salt, 
e.g. As(CH 3 ) 4 T,AhI 3 "is formed, and this, when 
decomposed by caustic potash, gives potassium 
arsenite, potassium iodide, and tetramethyl* 
arsonium iodide 

III. Interaction of a Metallic Alkyl with an 

Arsenic Halide. 

Zinc dimethyl reacts with arsenious chloride 
giving tnmelhylarsine (Hofmann, Jahresber. 
1855, 538 ; Annalen, 1857, 103, 357). 

Mixed arsines may be prepared in this way j 
e.<j. dimethylarsenious chloride Reacts with zino 
diethyl giving dimelhylethylarsine. 

The Grignard reaction—a special case of this t 
method—affords an important means of pre¬ 
paration of organo-arsenic compounds (Hibbert, 
Ber. 1900, 39, 100). Arsenious bromide treated 
with excess of Grignard reagent (magnesium 
methyl iodide) yields trimethyU rsine. 

IV. Alkylation of Arsenical Oxy- Compounds. 

In this process, duo in the first place to 
G. Meyer (Bcr. 1883, 10, 1440), but sinco 
generalised by Klinger and Kreutz (Annalen, 
1888, 249, 147), and by Hehn and McGrath 
(Amer. Chem. J. 1905, 33, 138; 1900, 28, 351), 
sodium arsenite is treated with alkyl iodide in 
ulkalme solution giving todium alkylarsenate. 

This synthesis, unlike the preceding methods, 
which require anhydrous solvents or an inert 
atmosphere, can be carried out in aqueous 
solutions under ordinary atmospheric conditions. 
Potassium methylarsinate is produced by 
mixing together potassium arsonite and methyl 
iodide m aqueous methyl alcoholic solution. 
After several days a white precipitate 2As 8 O a ,KI 
is removed and potassium methylarsinate is 
obtained from the filtrate : 


K° A<°K + CH a I •£{>/ I... 

1 »OK 

/OK 

CH.—As^ O 
. ''OK 
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Dealkylation o! A'lphatle Arsenlcals. 

This process, originally due to Baeyor 
(Annalen, 1858, 107, 282), who confirmed and 
extended Bunsen’s work, is effected by con¬ 
verting cacodyl chloride into cacodyl trichloride 
by directt'addition of chlorine and by distill m; 
the trichloride, when methyl chloride is elimi¬ 
nated, and methylarsenious chloride CH 3 AsCL 
is produced. This monoalkylated arsenical 
is successively chlorinated and hydrolysed; tho 
final product, raethylarsinic acid,*is a substance 
of therapeutic utility, having been employed m 
the form of its sodium salt C-H 3 'A80(0Na) 2 .H 2 0, 
arrhenal or new cacodyl (Augor, Compt. rend. 
1903, 137, 925; Auger and Billy, ibid. 1904, 
139, 599). 

Aliphatic Arnenioals. 

Trimelhylmdtie As(0fl 3 ) 8 , liquid ; b.p. 70° ; 
synthesised by method III. (above). Is also 
prepared by distilling tctrumethylarsonium 
iodide As(CH 3 ) J I with dry potassium hydroxide. 
Tetramcthylarsonium iodide is a solid crystal¬ 
lising in colourless leaflets, which decompose at 
170°-180°. It is synthesised by method II. 
(above). 

Telramethyhrsonium hydroxide, obtained by 
the action of moist silver oxide on the iodide, is 
a strongly caustic soluble substance resembling 
sodium or potassium hydroxide. 

Mdhylarsinic acul CH 3 *AsO(OII) 2 , anhydrous 
colourless crystalline solid ; m.p. 1 til 0 ; soluble 
in water and alcohol; decomposes carbonates 
and forms an ammonium salt. The sodium salt, 
arrhenal or new cacodyl CH 3 'As0(0]Ma) 2 H 2 0, 
has been used in medicine, as also have sodium 
dimethylarsinatc (sodium cocodylate) 
(CH d ) 2 As0 2 Na,3H 2 0 

and corresponding salts of magnesium, iron, 
strychnine, guaiacol, and antipynne. 

Dimethylarsinc. (0H 3 ) 2 AsH, colourless liquid 
with odour of cacodyl; b.p. 35*0 °; spontane¬ 
ously inflammable in air above 10° (Palmer, Bcr. 
1894, 27, 1378 ; Dehn and Wilcox, Amor. Ohem. 
J. 1906, 35, 3). 

Strong hydrochloric acid is dropped slowly 
on to a mixture containing crude cacodyl oxide, 
amalgamated zinc-dust and alcohol. The dis- 
tillato is passed through a water wash-bottle 
and a soda lime tube to a condenser surrounded 
by a freezing mixture of ice and salt. 

Methylamnc CHyAsH, (Palmor and Dehn, 
Ber. 1901, 34, 3594), volatile, colourless, highly 
refractive liquid with odour of cacodyl; b.p. 
2°; very poisonous, not spontaneously inflam¬ 
mable ; practically insoluble m water; soluble 
in alcohol, ether, or carbon disulphide; is pre¬ 
pared by reducing methylarsinie acid with 
amalgamated zinc-dust and alcoholic hydro¬ 
chloric acid with precautions similar to those 
taken in the preparation of dimethylarsine. 

Arsenatnelhane (CH 3 \As : As’CH 3 ) 2 (Auger, 
Compt. rend. 1904, 138, 1705), heavy yellow 
oil with garlio odour; b.p. 190°/13 mm. Is 
prepared by reducing sodium methylarsinate 
with sodium hypophosphite and sulphuric acid. 

VoCatilb Arsenical Compounds from 
Moulds. 

It has been observed that wallpapers and 
carpets containing arsenical pigments have 


become a source of danger owing to the evolution 
of volatile arsenic compounds of a deoidedly 
poisonous character. It is now known that 
the presence of certain moulds is a necessary 
condition for the production of such ^asos. 
These moulds, the most important of whioh is 
Penicillium brmcaule, evolve a volatile arsenio 
compound when cultivated in a medium con¬ 
taining sodium arsenite. Several observers 
i have examined this phenomenon, and P. 

Biginolli has prepared fairly well-defined solid 
] derivatives of the gas and thereby concludes 
that the gas itself is diclhylarsine (C a H 6 ) 2 AsH 
(Atti. R. Accad. Lmeoi, 1900 |v.] 3, ii. 210, 
242), although his results have not yet been 
confirmed by the isolation of the secondary 
arsine itself. 

Syntheses of Aromatic Ahsemoals. 

Two general methods are due to Michaelis, 
who, in collaboration witfi many pupils, lias 
given them a very wide application (Bor. 1876, 
9, 1566; Annalen, 1880, 201, 184). 

I. Interaction of the Arsenic Halide with a Diaryl 

Derivative of Mercury. 

The mercury iliarvl derivative is prepared 
by, the action of sodium amalgam on the aryl 
bromide The action of the mercury diar/1 
takes place in two stages. In the first, the 
arylardonc dihalide is produced, e.g. 

Hg(C 0 H 6 ) 2 +2 AsC 1 3 -- Hg01 2 -f 2C„H 6 *AsCl 2 

If the action is carried further tho diaryl 
arsenic halide is formed 

lig(O a II 6 ) 2 -f 20„H 5 ‘AsCl 2(C„II 6 ) 2 AsCl-j- IlgCl t 

A modification of this method has been 
employed (Ber. 1914, 47, 2748), whereby the 
arylmcrcuric chloride is heated at 100° with 
arsenious chloride with the production of the 
arylarsenious chloride. 

II. Interaction of Sodium with Chloroaryls and 

Arsenious Chloride (or the corresponding 

bromo- derivative). 

This process is a modification of Fittig’s 
synthesis of hydrocarbons, c.g. : 
AsCl 3 +3C o H 6 -Cl+6Na=0NaCl-fAs(C o H 6 ) 8 

Tho tertiary arsine thus formed readily 
forms dihalides which on heating give secondary 
arsenic halides: 

(C a H c ) a AsCl 2 ==C a H 5 -Cl+(C fl H 6 ) a A8Cl 

Primary derivatives can be formed by heat¬ 
ing the tertiary ursine with arsenious chloride 
under pressure at 250° ; the secondary com¬ 
pound is formed at the same time: 
(f) H H 5 ) 3 A8+2AsCl 3 -3C,H 6 A8Cl 2 
2(C a H&) 3 As-f AsC! 3 —3(C 6 H 6 ) 2 AsC 1 (by-product) 

III. Grignard Reaction. 

To the foregoing processes due to Michaelis 
this reaction adds a third method which has been 
applied with considerable success to the synthesis 
of triphonylarsine and its homologues. 

IV. Dlazo- Synthesis. 

Aromatic primary amines are converted into 
the corresponding arylarsinic acidi by treating 
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the diazonium salt or alkali diazooxide with 
aqueous sodium arsenite with or without copper 
powder (Bart, D. R. PP. 260264; 254346). 

Aromatic Arsenicals. 

Phenyhrsenious chloride C G H 5 \AsCl a (La 
Coste and Michaelis, Ber. 1878, 11, 1883), 
colourless, highly refractive viscous liquid; 
b.p. 252°-254°; with pungent odour, more 
pronounced on wanning ; very irritating action 
on the skin. 

Arsembenzene CJL/As : As'C 6 H 6 (Michaelis 
and Schulte, Ber. 1881, 14, 012: 1882, 15, 
1952), light yellow needles; m.p. 196° ; insol¬ 
uble in water or ether; sparingly soluble m 
alcohol; soluble in benzene, chloroform, or 
carbon disulphide. An alcoholic solution of 
phenylarsenious oxide is warmed with excess 
of crystallised phosphorous acid. The pasty 
product yields well-delined crystals from boiling 
xylene. • 

Phenylars.vic chloride (! (i H\/AsC 1 4 (Michaelis, 
Ber. 1877, 10, 622), flattened yellow needles, 
m.p. 45°; decomposes violently in water, 
dissociates on warming into the dichlondc and 
free chlorine, the action being facilitated when 
conducted in a stream of dry carbon dioxide. 
At 150° it is decomposed completely into 
chlorobenzene and arsenious ^hloride. j 

Phcnylarnnic and (! fl ll 5 \AsO(()iJ) 2 (La Coste 
and Michaelis, Annalen, 1880, 201, 184 ; Micha¬ 
elis, Ber. 187 1, 10, 626), colourless prisms 
passing into the anhydride at 158°, soluble in 
absolute alcohol; very stable towards oxidising 
agents; on reduction gives phenylarsmo (q.v.). 

Diphcnylarscmous chlondc (C 6 H 5 ) a AsCl (La 
Coste and Michaelis, Ber. 1878, 11, 1885; 
Annalen, 1880, 201, 215), well-defined colourless 
tabular crystal; m.p. 38°-41° (formerly 
dosenbed as a yellow oil). Slight odour, more 
pronounced on warming. Vapour very irritating 
to the skin. Alkalis hydrolyse it to diphenyl- 
arsenious oxide, crystalline aggiegatcs ; m.p. 91°- 
92°, and this product reduced with phosphorous 
a< id furnishes phenykacodyl (C 6 H 1 - ) ) 2 As - As(C 6 H 5 ) a 
crystalline mass ; m.p. 135°. 

Diphenylarsinic acid (C b I1 5 ) 2 AsO - OH, colour¬ 
less needles; m.p. 174°. Sparingly soluble in 
cold water, ether, or benzeno, more soluble in 
hot water or alcohol. 

Triphcnylarsinc (C ( H,,) 3 As (La Coste and 
Michaelis, l.c.), colourless plates from 
alcohol; m.p. 58°-60° ; b.p. above 360° (with¬ 
out decomposition in carbon dioxide). Very 
soluble in ether or benzene, sparingly soluble 
in alcohol. 

Triphenylmethylarsonin m "iodide 
(CcH b ) 8 As(CH 3 )-I 

pale yellow leaflets from alcohol; m.p. 176°. 
Soluble in alcohol or ether, sparingly soluble 
in water. 

Tribenzylarsine As(('H a 'C 6 H 5 ) 3 (Michaelis 
and Paetow, Annalen, 1886, 233, 60; Paetow, 
Inaug. Dissert. Rostock, 1885), colourless mono- 
clinic prisms from alcohol; m.p. 104°. Insoluble 
in water, sparingly soluble in alcohol; soluble 
in other, benzene, and glacial acetio acid. 
Oxidised by hot dilute nitric acid to arsenic 
and benzoic acids. Obtained, together with 
its dichloride and dibenzylarsinetrichloride, by 


I the action of sodium on arsenious chloride and 
benzyl chloride. 

Dibcnzylarsinic acid (CeHj'CH^jAsO'OH 
(ibid.), leaflets from aloohol; m.p. 210°, decom¬ 
posing at higher temperatures; sparingly soluble 
in other, acetone, or benzene; bitter salt taste 
and very irritating effect on the muoflus mem¬ 
brane. 

Bcnzylamnic acid C 8 H 6 -CHyAsO(OH) a 
(ibid.); Dehn and McGrath, J. Amer. Chem. 
Soc. 1906,28,354), colourless needles ; m.p. 167°. 

; Buizylaisme (J (l H fi 0Ii 2 \AsH 2 (Dehn, Amer. 

'('hem. J. 1908, 40, 113), light yellow liquid; 
b.p. 140°/200 mm. 

p -Benzamnic acid (V)Jf •C G H 4 \AsO(OH) a 
(Michaelis, Annalen, 1902, 320, 303; Ber. 
1915,48, 870; Sic burg, Arch. Pliarm. 1916, 
254, 224; Bertheim, Ber. 1908, 41, 1854). 
This is a typical example of the carboxylatcd 
derivatives which can be obtained by oxidising 
arylaisinic acids containing methyl groups. 
This acid forms colourless plates, sparingly 
soluble in water, very sparingly so in alcohol 
and glacial acet ic acid. 

1. p-Tolylarsinic acid (CHa-CftHyAsf^OHlg) 
is treated with alkaline potassium permanga¬ 
nate in aqueous solution, the mixture being 
left for some days, when the filtrate is evapo¬ 
rated to dryness after acidifying with acetic 
acid; the residue, extracted with alcohol to 
remove potassium acetate, is then decomposed 
by concentrated hydrochloric acid when p-ben- 
zarsimc acid is deposited in well-defined crystals. 

2. Oxidation of p-tolylarsinio acid by means 
of nitric acid in scaled tube at 170° for three, 
hours gives a good yield of p-benzarsinic acid. 

3. p-Arsamlic acid is diazotised in the 
presence of cuprous cyanide, the resulting p- 
cyanophcnylarsimc acid, being # hydrolysed by 
concentrated potassium hydroxide, furnishes 
p-benzarsinic acid. Its isomerides are similarly 9 
prepared. 

Betaines op Aromaiic Arsenicals 
(Michaelis, Annalen, 1902, 320, 297 ; ibid. 1902, 
321, 174). 

Ordinary naturally occurring betaine has 
the constitutional formula: 


CH a - 


^N(OH 3 ) 3 \ 


- 00 - 


OH a O 


and is trimethyl glycine. Many analogues 
containing quinqucvalcnt arsenic are known. 
Trimcthfflarsembcnzobdainc (I.): 



I. II 


The hydrochloride of the triethyl compound 
corresponding with (I.), which was the first 
arsenical betaine to bo prepared, is obtained by 
oxidising p-tolyltrimethylarsonium chloride with 
alkaline permanganate. 

Tripnenylarsenibclamc (II.). The betaine of 
tho second type is produced by successively 
treating triphcnylarsinc with chloroocetic acid 
and alcoholic potash. Both these preparations 
have been generalised. 

The use of Organic Compounds of Arsenic 
in Therapeutics. 

Diseases of protozoal origin, such as ‘ sleeping 
siokneas,’ syphilis, &c., do not, in general, lend 
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themselves to sertim treatment, and oertain 
antiseptics which arc inimicable to the existence 
of the protozoal parasite are quite as' injurious 
to the tissues of the more highly organised 
‘ host.’ Nevertheless,, the protozoa are more 
sensitive to chemical treatment than are 
bacteria,'which arc much more highly resistant, 
and it lias been shown that it is possiblo to 
treat certain protozoal diseases with antiseptics 
which react specifically with the protozoa, and 
arc yet comparatively innocuous to the host. 
The treatment of malaria with quinine is a 
typical instance of this method. With a view 
to their use in this branch of therapeutics, 
organic derivatives of arsenic, as against 
inorganic preparations, have been extensively 
investigated, and the success which has attended 
their use seems to be due in part to their relu- i 
^lvely low toxicity to the higher organism, | 
their higher solubility, which probably increases 
their penetration, and their comparative sta¬ 
bility, whereby only the small fractions needful 
for the destruction of the protozoa become 
decomposed in the body, the remainder passing 
througn the body unchanged. 

Atoxyl, Sodium-p-aminilatc, Syn. Arsamin, 
Soamin, Natrium arsanilicum. 


0 



This salt crystallises with 2-0 molecules of 
water, according to the solvent used in its 
preparation. The corresponding mercury salt, 
Asyphil, has been used for injections. 

i-AnunophchylA-arsinic acid ( p-Arsanilic 
acid ) __ 

Nt / ^ AaO(OH), 

A mixture of aniline (180 grams) and arsenic 
acid (140 grams) is hoatod gradually to 170°-200° 
in a vessel fitted with an efficient stirrer, the 
temperature being maintained at 190°-200° for 
one to two hours. The product rendered 
alkaline is distilled in steam to remove excess 
of aniline, filtered, and neutralised with hydro¬ 
chloric acid when crude p-arsandic acid separates 
on entiling. The product dissolved in aqueous 
caustic soda is decolourised with animal charcoal 
and filtered into alcohol when sodium p-arsam- 
late (atoxyl) crystallises. A by-product, sodium 
4 : 4 '-diamino diphenylammte remains dissolved 
in the alcohol (0. and K. Adler, Ber. 1908, 
41, 932; Benda and Kahn, ibid. 1074, 2370; 
Pyman and Reynolds, C'hem. Soe. Trans. 1908, 
93,1184). 

The foregoing condensation, duo originally 
to Bifohamp (l.c .), has more recently been 
eneralised and extended to the ease of 'the 
omologuee of aniline containing a free para- 
position with respect to the amino- group 
(D. R. P. 219210; Eng. Pat. 14937, 1908; 
U.S. Pat. 913940, 1909 ; Welcome and Pyman, 
Eng. Pat. 855, 1908; Adler, Ber. 1908, 41. 931 ; 
Benda «an d Kahn, ibid. 1072). Aromatic 
primary amines substituted in the para- 
position are also amenable* to the Bcchamp 
reaction, but with the exception of p-nitroaniline I 


the yields of orthoamino arsinic acids are small 
(Benda, Ber. 1909, 42, 3621 ; 1911, 44, 3294; 
D. R. P. 243693 ; Eng. Pat. 29196, 1911). 

Phenol and its homologues containing free 
para- positions with respect to the hydroxyl 
group also undergo the Bcchamp condensation 
with arsenic acid with the formation of p- 
hydroxyarsinic acids (I). R. P. 205616). 

Ehrlich and Bcrtheim’s demonstration that 
atoxyl was the sodium salt of p-amino-phenyl- 
arsime acid rather than the anilide of arsenic 
acid, and that therefore atoxyl was a true 
organic arsenical, suggested numerous significant 
possibilities of syntheses, many of which have 
since been realised, the aim in general being 
directed to improvements in stability and 
specific action. For instance, the amino- 
group may be aeelylatcd, benzoylatcd, or 
replaced by halogen or hydroxyl, or a sub¬ 
stituted amine can be used in the initial stage 
of the synthesis instead of aniline. As an 
example of this procedure may be cited the 
acetylation of atoxyl, whereby a derivative is 
obtained which, while just as toxic to trypano¬ 
somes, is more stable and much less toxic to the 
host than atoxyl. This derivative : 

/OH 
AsO< 

« x ONa 

is known as arsabetin, or acetylatoxyl (contains 
3-4 H 2 0). Large numbers of similar deriva¬ 
tives have been prepared, some of which have 
assumed commercial importance. Benzenesul- 
phonylatoxi/l, termed llertme , has been employed 
in therapeutics. * 

Phcnyhjlycmcarsinic acid 

/—\ OH 

C0 2 HCH 2 NH—/ >As(X 

/ OH 

and its homologues are less toxic than atoxyl, 
the glycine group, which resists hydrolysis in 
the organism, being much more firmly attached 
than the acetyl group. 

Atoxyl is digested W'lth aqueous chloracetic 
acid in a reflux apparatus for 6-8 hours, the 
crystalline glycine derivative being freed from 
unchanged arsanilic acid by washing with 

diluto hydrochloric acid. 

Other aromatic primary amines yield deri¬ 
vatives analogous to those obtained from aniline. 

Sodium 2 - aminotohjl - 5 - arsinate , 1 Kliarsin,' 
obtained by extending the Bcchamp reaction to 
o-toluidine, crystallises with 31-5 H 2 0. 

Sodium acctyl-2-aminotoli/l-5-arsinate ‘ Orsu- 
dan ’ (Wellcome and Pyman, Eng. Pat. 855, 
1908): 

« /OH 

CH.-C0NH< >Ab^ 5 or 7 H,0 

\_/ x ONa 

CH 3 

produced by acetylating the preceding com¬ 
pound, has also been used in protozoal diseases. 

The fact that the treatment of certain 
protozoal diseases with azo- dyes has met with 
considerable success has led to the attempt to 
prepare dyes from the diazotisable / 3 - arsanilic 
acid, and a number of monoazo- and poly azo¬ 
dyes have been prepared, which in the main are 
less toxic to ‘the host than atoxyl and more so 
to protozoa. 

The promising results arising, from the joint 
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arsenical and mercurial treatment of syphilis 
suggested attempts to combine the beneficial 
effects in one drug, and several derivatives 
have been prepared which possess the antici¬ 
pated properties to a more or less dogree. 

3 : 5-Dihydroxvmereuri - 4 - aminophenyl- 
arsinic acid and 3-hydroxymcrcuri-4-amino- 
phenyl arsinic acid are two well-defined examples 


NH 2 

HO'Hg/'NHirOH 


nh 2 

,h s oh 


0:As(OH) 2 (): An(()H) 3 

The hydroxymercunc derivative of orsudan 
known as ‘ HydiyI,' has also given promising 
physiological tests :— 

OH.-CO N--Hg-N CO CH 3 

HOHg/\'H a CH/Nug-OII 

UO'Hg\/ \/|[g()I[ 

As().,Na 2 • As0 3 Na 2 
Encsol is the mercury derivative of salicyl- 
4-arsinic acid : 

HO<^->Ax<)(C)H ) 2 

cojr 


and has been employed successfully in the 
treatment of syphilis. # J 

Tervalen' arsenic derivatives are tTieia- 
peutically of greater value tlian the corre¬ 
sponding q unique valent derivatives, from which 
they are obtained by reduction. 

Phenylglyemearsnue acid (</.!*.) yields aiscno- 
pkcnylglycme in reduction with sodium hydro¬ 
sulphite. Tts minim salt, under t lie name 
Spirarsyl (No. 418 in Ehrlich’s senes): 

As s= As 



C0 2 NaGH/NK NH(!H 2 C0 2 Na 
has been used, and is a decided improvement 
on atoxyl, having less toxicity for the host and 
greater trypanocidal power. 

Similarly p -hydro\yphenylarsimc acid welds 
p-arsenophenol on reduction, and the fact that 
these substances had been used with good 
results in trypanosomiasis in mice led Ehrlich 
to prepare and examine many substances ol 
similar constitution. 

Salvarsav (Syn. Khammn, Arsenobenzol, 
Arsenobillon, Ehrlich 006). 3 : 3-' DiaimnoA : 4' 
dihydroxyarsenobenzr>ic, p-hydroxyphenylarsinic 
acid is successively nitrated and reduced with 
alkaline sodium hydrosulphite and magnesium 
chloride, two molecules of the compound uniting 
in the reduction, according 1o the following 
equation: 



As0(0H) a AsO(OH) 2 


AH ~ AH 

<Na,SA) ^ 

OH OH 


The foregoing p-hydroxyphenylarsinic acid 
is obtained either from n-araanilic acid through 
the diazg- reaction, by boiling the diazo- com¬ 
pound with water, or directly from arsenic acid 
and phenol, by extending the Bechamp roaction 
to the latter compound. 

Salvarsan can also be prepared bv starting 
from dnnethylaniline. This base, treated with 
arsenious chloride, yields p-dimctki/lamino- 
phevylarsmiousdichloride , oxidation of the chlo¬ 
ride leads to p-dimdhylarnhncarsinic acid, which, 
on nitration, gives S-iutroA-dimdliylamino - 
phenylatsimc acid. The nitro-' compound, on 
warming with 40 p.c. aqueous causti# soda, gives 
riso to 3-nitro-4-hydroxyphenylarsinic acid, 
which is reduced as above. This nitro-hydroxy 
compound is also obtainable by putting p- 
chloroanilino through the Bart process and 
successively nitrating an-1 • hydrolysing the 
resulting p-ohlorophenylarsinic acid. # 

The crude moist preparation of salvarsan 
base is dissolved in methyl alcohol, and its 
dihydrochloride precipitated by the successive 
addition of methyl alcoholic hydrochloric acid 
and ether, and is dried in an inert atmosphere. 
The free base is insoluble in water or in physio¬ 
logical salt solution, and it does not form 
neutral salts, since It is an amphoteric substance, 
being feebly basic and having also phenolic 
properties. 

These characteristics constitute a drawback 
to its utility for intiavcnous injections and in 
practice the hydrochloride has to be very 
carefully neutralised immediately before use 
by means of sodium hydroxide. 

There arc nine possible symmetrically 
constituted isomerides of salvarsan, and the 
following live have been obtained : — 

4 : 4'-diamino-3 : 3'dihydrQ.\yarsenobenzene 
2:2',, 3:3' „ 

2 : 2' „ 5 : 5' 

4:4' „ 2:2' 

5:5' „ 2:2' 


In no enso is the isomeride comparable in 
therapeutic value with salvarsan. * The methyla- 
tion of salvarsan increases the toxicity of the 
compound to the host and diminishes the 
trypanocidal value, e.g. the hexamethyl deriva¬ 
tive is 3-5 tunes as toxic as the unmethylated 
compound, and is inactive with regard to the 
protozoa, Carboxylation leads to similar ten¬ 
dencies. Many other salvarsan derivatives 
have been prepared and examined. 

Certain polyainmoarsenobenzenes are already 
of considerable therapeutic importance, and 
Significant developments in this direction seem 
likely. Among these salvarsan analogues the 
following are noteworthy :— 

4 : 4 P Dimethyl- 3 : 4 : 5 : 3': 4': 5 '-hexamino- 
arsenobenzene 


As 

i.Qnh, 


As 


nh; 

NHCHj, 


NH. 


NH 2 

nhch 8 


has low toxicity towards human beings and 
high trypanocidal powers. ® 

4 : 4' -Tetramd>hyl-§ : 4 : 5 : 3' : 4' : &'-hex- 
aminoar-senobenzenc 
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As 


NH. 


WH„ 


NfCH,), 


NH S 


'NH a 
N(CH 3 ) 2 


and the corresponding ethyl derivative have 
similar properties. These bases have the re¬ 
markable property of dissolving in soluble 
bicarbonates, giving rise to stable complex 
carbamates precipitated from aqueous solution 
by alcohol or acetone. 

Certain limitations in the usefulness of 
salvarsan have already been mentioned. The 
drug (dihydrochlondo) does not give rise to 
neutral solutions, and accordingly its application 
is lacking in simplicity. The replacement of 
an atom of hydrogen in one of the ammo- 
groups of salvarsan by a metliylencsulphimc 
gfoup confers sufficient acidity on the mole¬ 
cule to enable soluble neutral and stable 
alkali salts to be prepared. The introduction 
of the methylenesulphinie group into the 
hydrochloride of salvarsan is brought about by 
the action of sodium formaldehydesulphoxylate 
followed successively by sodium carbonate 
solution and hydrochloric acid. 

Sodium -3 : 3" -diamino-4 : 4'-dihydroxy- ; 
arsenobenzene - N- methylen es uIphin at p, Nro-salvar- 
san is the sodium salt of the acid thus produced 1 


As —— As 



The product is a pale-yellow powder giving a 
neutral aqueous solution. Its curative effect 
closely resembles that of salvarsan. The phos- 
phamic acid derivative of salvarsan, first prepared 
by Mounoyrat, is also an acidic substance 
•yielding neutral solutions in aqueous sodium 
carbonate. It is known as Oalyl (No. 1116 of 
Mouneyrat’s series), and its constitution is as 
follows:— 

As - 


NH NH 

oil \ / OH 

l’O(OH) 

(4 : 4'-Dihydroxyarscnobenzen e-3 : S'-phosphamic 
acid), 

Ludyl (‘ 1151 ’ of Mouneyrat’s scries). 
Benzene,-m-Z' : Z'-disdphamino-bis-Z-amino - 
4 : 4 '-dihydroxyarsendbenzene 


‘HO, 
:—SO,NH 


~SO .-Nil 


0 : 0 

NH, 


fi " 0 As:A8 0 


OH 
nh 2 


a yellowish powder also resembling neo-sal- 
varsan in its chemical properties and thera- 

peutio ootion. 

Co-ordination compounds of metals with 
arsenoaryj compounds wore first discovered and 
investigated by Ehrlich, who made known his 
results at the International Congress of Medicine 
held in London in 1913. Danysz shortly after¬ 


wards made similar observations, and since the 
first communication was made a very large 
number of these complexes have been prepared 
and examined. The arsenoaryls giving the 
best results so far are arsenobenzene, salvarsan, 
and neosal varsan, and of those the copper co¬ 
ordination compounds are isolated most readily, 
whilst the silver co-ordination compounds show 
the greater promise in therapeutics. 

The most important of these compounds so 
far produced is that derived from salvarsan, 
silver bromide, and antimony. It is the silv r 
bromide antimonyl sulphate co-ordination com¬ 
pound of salvarsan having the formula : 

[C l2 H 12 () 2 N 2 As ;! l 2 AgIlr,Sb0(H il S0 1 ) a . 

The name Lnaujol has been given to this 
substance, and it- promises to bo very efficacious 
in protozoal diseases, having much more marked 
trypanocidal properties than salvarsan, with no 
increase in toxicity. Luargol is insoluble in 
water, and is rendered soluble by caustic soda 
(0-4 gram of NaOH fo 10 gram of drug). It is 
preferably injected intravenously, ill-effects are 
produced by subcutaneous application. 


Miscellaneous Organic Derivatives of 
Arsenic. 


Dicamphorylarsin ic acid 

V * ,o 


/Oil —Ah— CH, 

C»H 14 < [ I I )o„H„ 
CO OH CO 


A condensation product of sodium, camphor 
and arsenic trichloride, consists of colourless 
transparent prisms; m.p. 206° (with decompo¬ 
sition) ; [aj^-f 186 6° ; practically insoluble in 
water or petroleum, more soluble in benzene, 
freely soluble in chloroform or alcohol (Morgan 
and Mieklethwait, Chora. Soc. Trans. 1908, 93, 
2140; 1909, 95, 1470; Morgan and Moore, 
(’hern. Soc. Trans. 1910, 97, 1099). 

Tncamphorylarsinic acid 


[c.H,/’rjA S 


\ 


OH 

OH 


is obtained from the final mother liquors of the 
above preparation after systematic fractiona¬ 
tion, fcho ultimate product being a brown 
amorphous solid very soluble in benzene, 
alcohol, or acetic acid, and recovered from these 
solvents as a viscid mass (Morgan and Mickle* 
Ihwait, lx.). 

Cyclic derivatives of arsenic have been ob¬ 
tained recently (Grid liner and Wiornik, Ber. 
1915, 48, 1473; 1910, 49, 437; Lappe, Bull. 
Soc. chim. 1910 [iv.] 19, 151, 290) by employing 
the Grignard reaction ; phenyleyelopcntameihyl- 
enearsine (I.) and methylcyeiopentamethylene-, 
arsine (II.): 


WJ *\CH.-0H a . 


;as-c 8 h s 


CH, 


-CH.-CH,' 
1 ,'X:H/0H r 
II. 


>As-CH, 


Arsenical derivatives of thiophen may be 
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synthesised by the use of organo-meroury com¬ 
pounds as employed by Michaelis in his earlier 
work (Michaelis, Annalen, 1880, 201, 190: 
1902, 320, 272). 

Thienylarsmioua chloride (I), Dithienyl- 
arsenioua chloride (II.), and Trith ienykrsine (III.): 

CH—CH rCH—(JH 


OH C'AsClj 

1. 


■CH—CH 1 


CH C- 

L\s/ J 

II. 


At Cl 


I CH C— |As 
-\ s / 
m. 

are obtained as successive fractions from the 
liltrate when arsemous cliloride and mereuri- 
dithienvl are allowed to react under carefully 
regulated conditions (Stemkopf, with Baner- 
meistor, Annalen, li) 17, 413, 331). 

This reaction was first, studied by Finzc and 
Furlotti ((Jazz elinn. ital. 1915 | li. |'45, 280, 200 
who oxidised the two cliJoro- compounds to the 
corresponding Ihicnylarsuuc and dithienylarsuuc 
acids. 

Strontium (h lot oarsinobeli ntolate 
Sr(C 2l .H3o0 3 AsC]C, 

a colourless amorphous precipitate introduced 
into pharmacy under the name of El-arson, and 
giving good clinical results in anaemia, is pro- 
pared by heating together behcnolic acid and 
arsemous chloride at 140', the additive com¬ 
pound being then treated successively with 
aqueous caustic alkali and methyl-alcoholic 
strontium chloride containing ammonia. Tn 
this process arsenious chloride is added to the 
triple linking of behcnolic acid (E Fischer. 
Annalen, 1914, 403, 109) 

—0—C— —> —C- O— —> —0=0— 

II II 

Cl AsCl a Cl AsO 

Protein combinations containing arsenic.— 
Insoluble combinations containing firmly 
attached arsenic which does not give the 
ordinary analytical reactions of tho element 
are produced by dissolving albumin from white 
of egg in acetic anhydride, and by adding 
successively to the solution phosphoric anhydride 
and arsenious chloride. The protein prec ipitate 
is freed from phosphoric and arsenious acids by 
washing with water (Guezda, D. R. 1\ 201370). 

Arsenical preparations insoluble in the gas¬ 
tric juices are produced by adding arsenious chlor¬ 
ide to gliadin or gl denin suspended in alcohol. 
The final product is soluble in hot water and 
contains 43 p.c. of arsenic (D. R. P. 214717). 

Soluble stable combinations of salvarsan 
base and proteins have been recommended for 
use in therapeutics (D. R. P. 201542); they are 
prepared by dissolving in alkali the additive 
compounds of salvarsan, and the alkali salts of 
lysalbio and protalbic acids or similar protein 
acids. The reacting alkali salts are precipitated 
by alcohol-ether or obtained by concentration 
in vacud. 

Thu Use of Organic Arsenicals in 
Chemical Warfare. 

The o i anio arsenicals chiefly employed in 
the ohemical offensive of the Great War were 


aromatic arsenicals containing tervalent 
arsenic. These compounds had very disagree¬ 
able physiological properties and functioned as 
lachrymators, sternutatora and respiratory 
irritants. Diphenylarsenious chloride ( diphenyl - 
chloroarsine) possessed these irritating properties 
in a veiy marked degree. It was prepared for 
this purpose by heating triphenylarsine (2 moiiO 
and arsenious chloride" (1 mol) at 300° in auto¬ 
claves. The by-product of this reaction, phenyl - 
arsenious chloride , was also a respiratory irritant 
and had a vesicating action on the skin. It 
wa-? separated by fractional distillation from 
chphenylarscnious chloride. 

Alternatively phcnylarsinic acid was pre¬ 
pared from sodium arwenile and benzenedia- 
zomum chloride in presence of copper sulphato 
(Barts reaction'. This a«id, reduced with 
sulphurous acid in tho pioscnco of hydrochloric 
acid, gave rise to phenylarsenious chloride. The 
latter compound dissolved in aqueous sodium 
hydroxide and treated with benzenediazoniura 
chloride furnished diphenylarsinic acid, which 
oil reduction with sulphurous and hydrochloric 
acids yielded diphenylarsenious chloride. Tho 
overall yield by these processes varied between 
24 and 35 per cent. The foregoing repetition 
of the Bart reaction was avoided by a combina¬ 
tion of the Michaelis and Bart method leading 
to diphenyl-arsenious chloride whin triphenyl- 
arsin 1 is heated to 300° with phenylarsenious 
chloride. 

Diphenylarsenious cyanide (C 6 H 6 ) a As CN, of 
which large quantities were employed in the 
later stages of the war. was manufactured by 
digesting diphonylarsemous chloride with a 
warm concentrated aqueous solution of sodium 
or potassium cyanide. It was obtained in 
colourless crystals malting at .‘ 41 °. 

The aromatic arsenicals containing quinque- 
valent arsenic, such as triphenylarsine diohloride^ 
when vapourised by heat, behaved a 3 ster¬ 
na tators and respiratory irritants; but this 
effect was probably due to the formation of 
compounds of tervalent arsenio akin to 
diphenylarsenious chloride. The corresponding 
organic antimonials, although irritant and lethal, 
offeied no advantages over the aromatic 
arsenicals. 

The aliphatic arsenicals of the cacodyl and 
alkyl arsenious chloride series wero found to be 
respir atory irritants and lethal agents, methyl- 
arsenious chloride, ethylaiscnious chloride and 
cacodyl cyanide being among the most toxic. 
Methylarsenious chloride was manufactured in 
America by methylating sodium arsenite with 
dimethyl sulphate, reducing the resulting sodium 
methylarsinate to methylarsenious oxide, and 
treating this oxide with hydrogen chloride. 
Ethylarsonious chloride, manufactured atHochtt 
and Ludwigshafen, was prepared by a similar 
series of processes, starting from sodium arsenite 
and ethyl chloride (Journ. Indust. Engin. Clem. 
1919, 11, 105, 820). But on the whole these 
aliphatic derivatives were not more effective in 
producing casualties than the above-described 
aromatic arsenicals. 

Bibliography .—Organic Compounds of Ar¬ 
senic and Antimony, G. T. Morgan. * London. 
1918. Handbuch der Organiscffen Arsenverbin- 
dungen, A. Bertheim. Stuttgart. -4913. Die 
Aromatische Arsejiverbindungen, H. Sohmidt. 
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Berlin. 1912. Dir Arzneimittel Synthese, S. 
Fraenkel. Berlin. 1912, 663. Salvarsan or 
‘ 606 ’ (Dioxydiaminoarsenobenzol). Its Che¬ 
mistry, Pharmacy, and Therapeutics. (VV. H. 
Martindalc. London, lull.) Chunk* et toxi- 
oologie de Parsonic et do ses composes.’ A 
Valeure. Karis. 1904. G. T. M. 

ARGATOXYL, Silvor-p-aminophenyl arso- 
nate. 

ARGOCHROM. Silver methylene blue. 

ARSALYTE. Dimethyl amino tetramido 
arsenobenzene. 

ARSAMI^AL. Japanese name for salvarsan. 

ARSENICAL PYRITES or Atft(meal mundte. 
Names commonly used by miners for the mineral 
mispickel (q.v.) or aisntopyuh (FeAS), which is 
tho principal ore of arsenic. 

ARSENIC MOULD. Pen milium locnat'tilc. 
This organism, first obtained by Gosio, in 
presence of an arsenic compound, forms dtelhyl- 
arsine AsH(C 2 H r> ) 2 , to which the poisonous gas 
developed by wall-papers containing ai seme is 
probably due. The formation of diethylarsine 
by the action of this mould lias been used as a 
test for arsenic by Markmann (('hem. Zentr. 

1900, ii. 1187); Galli-Valerio and Ntrzvzowslu 

(ibid. 1901, i. 63). ‘ • 

Penicilhum brer iconic also gives garlic or 
mercaptan-llkc odours with compounds of 
selenium and tellurium (Maassen, Chem. Zentr. 
1902, i. 1245). 

ARSENOFERRATIN. Sodium arseno-ferri- 

albuminate. 

ARSENOGENE. Trade name for an albu¬ 
minous preparation of arsenic and iron obtained 
by heating peptonised casein with arsenic acid 
and ferric ammonium sulphate. Used in medi¬ 
cine (Salkowski, Apoth. Zeit. 1908, 23, 114). 

ARSENOPYRITE r. Mispickel. 
arsenotrii*errin. Iron arseno-p- I 
nucleinate. 

ARSEN PHENOLAMINE. Syn. for salvar- 
san. See Arsenioals, Organic. 

ARSINE. Arsenic In hydride (r. Arsekic). 

ARSIN0S0LVINE. Sodium salt of ammo- 
phenylarsenic acid. 

ARSPHENAMINE. U.S. Pharm. title for 
salvarsan. 

. ARTARINE 0 21 H 23 0 4 N, m.p. 240°, is an 
amorphous alkaloid from Ar ar-root of A anthoxy- 
lon senegctlense. The hydrochloride B,H01,4H 2 0 
forms j^ellow needles, very little soluble in water 
(Giacosa and Soave, Gazz. chim. ital. 1889, 19, 
303). 

ARTEMISIN. An alkaloid isolated by Merck 
from the mother liquors obtained in the prepara¬ 
tion of santonin from the seeds of Artemisia, 
maritima. Foims colourless crystals; m.p. 
200°; sparingly soluble in water, more soluble 
in alcohol; [°] — 84*3°. With hot soda solution 
gives a carmine-red solution, colourless on 
cooling. Gives an oxime with hydroxylamine, 
and a hydrazone with phenylhydrazine (Bertolo, 
Pharm. J. 1902, 489; Freund and Mai, Ber. 

1901, 3717; cf. Wedekind and Koch, Ber. 
1906, 184$) (v. Santonica). 

AHTERENOL. Trade name for o -1 )ihyd roxy • 
phenylamiuomethyl * carbinol hydrochloride. 
V. Adrenaline. 

ARTICHOKE. Three vegetables are known ' 
fey this ntvme: (1) the Globe artichoke—the ' 
flower head of Cynara scolymus ; (2) the Jeru 


salem artichoke—the tuber of IIthan thus 
tvberosus ; (3) the Japanese or Chinese artichoke 
—called also Chorogi—the tuber of Stachys 
luberijera. 

Tho following are analyses of the tubers of 
the two lattor :— 

Carbo- 

Water Protein Fat hydrates Ash 

Jerusalem arti¬ 
choke . . 79-5 2 0 0-2 16-7 1*0 

Stachys tuberifera 78*05 4*32 0*1G 14*63 1*21 
(Strohmer and fStift, Died. Zentr. 21, 820.) 

Tho ‘ protein ’ of the Jerusalem artichoke 
includes much material other than true proteid ; 
the carbohydrates consist largely of inulin and 
levulm. 

According to Tanret (Oompt. rend. 1893, 117, 
50), two other carbohydrates— hehanthemn m.p. 
176*, 12C a H 10 O 6 -f-3H 2 (), and synanthrm , m.p. 
170°, 8C e H 10 O 6 -fH 2 O—arc al«.o present, and the 
levulm or synanthrose described by other 
observers as oceurring*in artichokes, is a mixturo 
of saccharose and synanthrm. 

The tubers of Stachys luberijera contain many 
nitrogenous substances of an amide nature— 
qlillumine, tyrosine, arginine, choline, trigonelline , 
and the characteristic body, stachydnne 


\ 


,-CII,—CII—CO£ 

-on/ • i ;o 

NiK.-NfCH,)/ 


The amount of tho last-named is estimated at 


0*18 p.c. of the dry substance (Schulze and 
Trier, Zeitsch. physiol. Chem. 1910, 67, 69). 
Tho characteristic carbohydrate is stachyose 
C 18 H 32 0 ie ,3H,0 (q.v.). fi. I. 

ARTOCARPUS BARK. The inner bark 
(bast) of tho bread-fruit tree [A. incisa (Linn.)] 
is used by the South Sea Islanders for making 
ropes and clothing. According to Moeller 
(Dingl. poly. J. 231, 463), this fibre would pro¬ 
bably be a very useful one. It CAn be obtained 
in large quantities. 

ARTOCARPUS INTEGRIFOLIA (Linn. f.). 
(Jack Tree) v. Jackwood ; Dyes, Natural. 

ARUM MACULATUM (Linn.). The common 
arum, ‘ wako robin,’ or ‘ lords and ladies,’ ‘ cows 
and calves,’ formerly known as ‘ abron 1 janus, 
‘ ramp,’ ‘ starch wort,’ contains a starch which 
was made* into a kind of arrowTOot in the Islo 
of Portland, and was the active ingredient of 
‘ Portland powder,’ a so-called specific for gout. 
Occasionally sold in Paris as a cosmetic, under 
the name of poudre de Cyprc. 

Amorphophallus campanulatus (Blumo) is 
used in India as a vegetable and also in medicine, 
as are other of the Arums. Many of the Aroideee 
act as poisons, thtir toxio action being due 
apparently to the irritation induced by the 
raphidea contained in the cells (Pedlcr and 
Warden, Jour. Asiatic Soc. of Bengal, 67, 2, 
106 ; Stahl; Pflanzen und Schnecken, Zeitsch. 
Nat. u. Med. Jena, xxii. N. F. xv. 1888). 

ASAFCETIDA v. Gum resins. 


ASAPROL v. Abrastol. 

ASARUM CANADENSE (Linn.). A plant 
indigenous to North America,' where it is known 
by the names of ‘ Wild Ginger,’ or ‘ Canada 
Snake-root.’ The rhizome yields on distillation 
an essential oil used in perfumery, containing a 
phenol C # H 12 0 2 , d- and l - ninene, d-linalool, 
-boraeol, I-terpincol, geranioi f eugenol methyl 
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ether, a lactone C, 4 H* 0 O t , a mixture of fatty 
acids, including palmitic and acetic, and a blue 
oil of undetermined composition, consisting of 
oxygenated substancos of alcoholic nature 
(Power and Seed, Chom. Soc. Trans. 1902, 
81, 59). 

ASBARG, Asbarg consists of the dried 
flowers arid flowering stems of the Delphinium 
zalil, which is found m great quantity in Afghani¬ 
stan, The dyostuff is collected and taken to 
Multan and othor Punjab towns, from which it 
is conveyed all over India. It is or was much 
used in silk-dyeing for the production of a 
sulphur-yellow colour known as ‘gandkaki,’ 
and, together with Datisca canuabnm, to obtain 
a similar shade on alum-mordauted silk ; it is 
also used in calico-printing. The flowers, which 
are bilter, are likewise employed medicinally as 
a febrifuge. 

The colouring matters of asbarg are present 
entirely as glucosides, and aro best isolated in 
tho crude condition by* digesting the boiling 
aqueous extract with a little sulphuric acid 
(Perkin and Pilgrim, (hem. Soc. Trans. 1898, 
258). A brownish-yellow powder thus separates, 
which contains three substances : isorhamnelin, 
queredm , and kaempfnol. 

laorhamnetin C u il I2 () 7 , the sparingly soluble 
constituent, forms yellow needles, resembling 
rhamnetin in appearance. # With lead jyotato 
in alcoholic solution, an orange-red precipitate 
is formed, whilst ferric chloride gives a greenish- 
black colouration. Fused with alkali, phloro- 
glucinol and pwlonitcchiuc acid arc produced, 
and when air is aspirated through its alkalino 
solution, phlorajluanol and vanillic acid are 
obtained. 

With acetic anhydride /.sorb am no tin gives a 
telra-acelyl derivative C,, H„0^CallaO)*, colour¬ 
less needles, n».p. 195°-19(>°; and with methyl 
iodide a trimethyl ether, which is identical with 
quercetin tetramrthyl ether. As, moreover, by 
the action of hydriodic acid isorhamnetin yields 
quercetin, its constitution can only be repre¬ 
sented as follows :— 



The dyeing properties of tsorhammtin are 
similar in character to those given by kaempferol. 
i'soRhamnetin is also present in yellow wallflowers 
(Cheiranthiis chain ) (Perkin and Hummel), and 
in red clover flowers, Trifolium prutense (Power 
and Salway, them. Soc, Trans. 1910, 97, 245). 
A description of the metre soluble colouring 
matters quercetin (quercitron hark) and kaemp¬ 
ferol (Delphinium con solida) is given elsewhere. 

In dyeing properties asbarg closely resembles 
quercitron bark, but yields with aluminium 
mordant a purer or less orange-yellow. It is, 
however, a much weaker dyestuff, having but 
35 p.c. the dyeing power of quercitron nark. 
The colouring matt' r of tho flowers, apart from 
the flowering stalks, is present to the extent of 
3-47 p.c. 

The stems and flowers of the D. saniculai- 
folium gives shades analogous £o, though some¬ 
what weaker than, those yielded by tho D. zalil. 

A. G. P. 


ASBESTOS, from Ho faros, 'unquenohed.* 
Both in ancient and modern times various 
silicate* minerals, closely resembling one another 
in their finely fibrous texture and flexibility, 
have been and are still confused under this 
name. The same is true also of the name 
‘ amianthus ’ or ‘ aminatos * (hplirros, 1 un¬ 
defiled,’ because not injured by fire). They are, 
therefore, collective names of no more definite 
signification than the adjective ‘ asbestiform.’ 
Mineralogists are, however, agreed in limiting 
tho name asbestos to the fibrous forms of horn¬ 
blende, but ibis limitation is not generally 
observed. Any ambiguity may be avoided by 
using the terms amphibole-asbestos (or horn¬ 
blende-asbestos), serpentine-asbestos, &c., for 
these asbestiform minerals. Tho finely fibrous 
toxturo is, of course, an accidental character of 
tho mineral species, depending on the enormous 
elongation in one direction of the individual 
crystals which form tho aggregate. Such a 
character might, indeed, be assumed by many 
kinds of minerals; but it is only the following 
that are of any importance in this connection - 
Tromolite, CaMg 8 (Si() 8 ) 4 . 

Actinolito, Ca(Mg,Fe)-,(H*0 3 ) 4 . 

Crocidolite, NaFe"'(Si0 3 ) 2 -Fe' , Si0j. 
Anthophvllite, (Mg,Fe)SiOj. 

Serpentine, Il 4 Mg 3 Si 2 0 9 . 

Palygorskito groupl ?nll 8 Mg 2 Si,O tf 
(pilolite, &c.), j \mll 2 Al 2 Si 4 () 12 ,5H 2 0. 
Tho first two of these differ only in the 
relativo proportions of the mutually replaceable 
magnesium and ferrous iron (and consequently 
also in their colours, which are white and green 
respectively), and they are merely varieties of 
the species am phi bole or hornblende. Croci- 
dolito is another species of the amphibole 
group of minerals, crystallising in the mono¬ 
clinic system, and also with an angle of 60° 
between its prismatic cleavages. It is known 
in tho trade as ‘ blue asbestos,’ and it gives 
the name to tho Asbestos Mountains in South 
Africa, whore it is found. Whilst hornblende 
is more frequently found* as stout crystals 
and compact masses, crocidolite, on the other 
hand, is as yet known only in tho finely fibrous 
form. Anthophvllite also belongs to tho 
amphibole group, but is orthorhombio in 
crystallisation. Rome of the asbestos mined in 
tho United States (Georgia and Idaho) is of 
i this kind. Serpentine occurs in nature as large 
| rock-masscs, and the compact rock is frequently 
1 traversed by veins of fibrous material of the 
same composition; the latter is known to 
mineralogists as chrysotile, and in the trade as 
‘ asbestos ’ or ‘ Canadian asbestos.’ In the 
minerals of the nalygorskite group (A. E. Fore¬ 
man, Hull. Acad. Sci. St. Petersburg, 1908, ii, 
255, 537) the fibres rarely show a parallel 
arrangement, but are more usually matted and 
interwoven, giving felted masses known as 
‘ mountain-leather,’ 4 mountain-cork,’ and 
4 mountain-wood.’ It is, however, to be remem¬ 
bered that these trivial names may also be 
applied to similar aggregates of fibrous amphi¬ 
bole. • 

From a practical point of view, the most 
important of these are tremolite-asbe&toa and 
serpentine-asbestos, which in the trade are known 
as 4 Italian asbestos * and 4 Canadian asbestos ' 
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respectively. The former is met with as 
aggregates or bundles of white or greyish fibres, 
sometimes several feet in length, usually arranged 
parallel to the surfaces of crevices in the meta- 
morphic and crystalline rocks of mountainous 
districts. It is mined in the Alps, UralH, and 
Appalachians. The supply is limited and un¬ 
certain, and the hardness of the enclosing rocks 
makes mining difficult. The principal mines 
are those in the north of Italy, m the Susa and 
Aosta valleys in Piedmont, and the Valtellina 
in Lombardy. These are, however, now of 
little importance, since the use of hornblende- 
asbestos nas been largely replaced by serpentine- 
asbestos. 

Serpentine-asbestos, or chrysotile, occurs in 
small veins forming an irregular network in 
serpentine-rock. It has in the closely com¬ 
pacted mass an oil-yellow or greenish colour 
with a pronounced silky lustre and a certain 
degree of transluceney. When rubbed or 
crushed, it readily separates into white cottony 
fibres (pierro a coton of the French-Canadians). 
The fibres are arranged perpendicularly to the 
walls of the vein, and are usually only an inch 
or two in length, never exceeding 0 inches. 
The mineral usually contains 2-3 p.c. FeO 
isomorphously replacing magnesia. Chrysolite 
is found at all the localities where serpentine- 
rock occurs ( e.g . the Lizard district, in Cornwall), 
and it is extensively mined in Canada, Russia, 
South Africa, and the United States. Of these 
the most important are the Canadian deposits, 
whhh have been worked since 1878 The 
mining districts are near the villages of Thctford, 
Black Lake, East Broughton, and Danville m 
Quebec; and extend over the United States 
border into Vermont. The mineral is also 
mined in Arizona and California. In Russia, 
the principal deposits are in the Ural Mountains, 
in the neighbourhood of Ekaterinburg and 
Orenburg ; and there are others in the Caucasus. 
Recently, rich deposits have been opened up in 
Rhodesia in the Victoria and the Gwelo districts, 
and in the Caroline district m tho Transvaal. 
The asbestos quarried by tho ancients at 
Karystos in Eubaa (Karystian stone), and in 
Cyprus, was also a serpentine-asbestos (J. W. 
Evans, Mineral. Mag. 1906, xiv, 143; Geol. 
Mag. 1909, vi, 280). He suggests the name 
Karystiq^ile as an alternative for clirysotilo, 
owing to its confusion with chrysolite—a synonym 
of olivine). It was used for wicks in the per¬ 
petually burning lamps of the temples; and 
was woven into napkins, which could be cleansed 
by fire, and into cremation shrouds. 

Tlio blue asbestos or crocidolite (q.v.) of 
South Africa has during the last twenty years 
become of commercial import anco and has been 
mined in increasingly large amounts. It occurs 
as layers interbeddod in the brown jasper* and 
ironstpnes of the lower portion of the Pretoria 
series of sedimentary rocks, and is quarried or 
mined as slabs in which the fibres of the mineral 
run perpendicularly or somewhat obliquely to 
the surfaces. The belt of crocidolite-bearing 
rocks extends for a distance of about 300 miles, 
with a width of 4-2t) miles, from the Orange 
River tfttough the Asbestos Mountains in 
Griqualan<f West into Beckuana Land. Beauti¬ 
ful silky, loose fibrous material is known from 
Cochabamba in Bolivia. . 


These various kinds of asbestos differ some¬ 
what in their resistance to acids and heat. 
Chrysotile is decomposed by hydrochloric, and 
sulphuric acids; at a red heat (but not below) 
it loses water, and the fibres can be fused in the 
bunsen-flame. Tremolite-asbestos is not at¬ 
tacked by acids, and it is moro difficultly 
' fusible. On the other hand, the fibres of 
chrysotile are more flexible and more suitable 
for textile purposes. Crocidolito is readily 
fusible to a black magnetic glass, but it has the 
advantage that it is but slightly attacked by 
acids, chemical solutions, and sea-water. It 
possesses a greater tensile strength and is more 
elastic than chrysotile ; and is further a good 
insulator for heat and electricity. Notwith¬ 
standing these differences, these varieties of 
asbestos are put to much the samo uses, but 
serpentine-asbestos is employed in far larger 
quantities. 

Spun asbestos is largely used for steam 
packings, fireproof efurtains; and as cloth, 
twine, and rope it finds a variety of applica¬ 
tions. As an insulating material, asbestos 
fibre is used for coating steam and hot-water 
pipes and cold-storage plants; and as a lining 
in safes, stoves, and furnaces. For use as a 
constructional fireproof material, it is made 
ilHo bricks, boards, millboards, plasters, and 
paintk, being often *mxed with other materials. 
Tho so-called 1 asbestic,’ largely used for wall 
plaster, is prepared by grinding the poorer 
maferial and waste, which consists of narrow 
veins of asbestos still enclosed in the serpentino- 
roek. In the laboratory, ashes' os is used for 
filtering (a pure white tremohtc-asbesl os being 
best for this purpose), for stoppings in com¬ 
bustion tubes, and in tho form of card for 
supports. Asbestos paper or twine, soaked in 
sodium silicate and afterwards treated with 
calcium chloride solution, can be used Cor 
repairing glass apparatus. 

lltfc.rp.nces. —F. Cirkel, Chrysotile-asbestos, 
its Occurrence, Exploitation, Milling, and Uses 
(Mines Branch, Ottawa, end edit., 1910); R. H. 
Jones, Asbestos (London, 1890), and Asbestos 
and Asbestic (London, 1897); G. I\ Merrill, 
Asbestos and other Asbestiform Minerals (Proe. 
U. S. Nat. Museum, 1895, xviii, 281), and Non- 
metallic' Minerals (New York, 1910); H. Rios, 
Economic Geology (New York, 1916); Pro¬ 
duction and Uses of Asbestos (Bull. Imp. Inst, 
1905, iii, 277); The Technical Preparation of 
Asbestos (ibid. 1908, vi, 393); J. S. Diller. 
Mineral Resources of the United States, for 
1915, 1916, ii, 13; H. F. Olds, Blue Asbestos 
[Crocidolite in South Africa] (Trans. Inst. 
Mining and Metall. 1899, vii, 122); 0. B. 
Hopkins, Mineral Industry (New York, 1916, 
1917, xxv, 62); and Bull. Gcol. Survey, Georgia, 
1914, No. 29; G. E. B. Frood, The Cape 
Asbestos Industry [Crocidolite) (Ann. Rep. 
Govt. Mining Engineer, Dept, of Mines, S. 
Africa, 1915; and S. African Mining Journ. 
1916); P. A. Wagner, Asbestos in South Africa, 
(S. African Journ. of Industries, 1917, i, No. 3); 
A. L. Hall, Aebcstos in tho Union of South 
Africa (Gool, Survey, 1918, Mem. No. 12). For 
an account of ihe Canadian asbestos industry, 
see J. Roy. Soc. Arts, 1913, 62, 36). 

L. J. S 

ASDUANA v. Bain elia ba&k. 
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ASUiFTlJN. Trade name tor a mixture of tion of the amount and composition of the ash 
hydrogen peroxide, boric acid, and salicylic acid; of aniipal and vegetable substances, though, 
used as an antiseptic. perhaps, inadequate to ascertain the exact 

ASEPTOL. Trade name originally given to nature of the inorganic constituents of the 
a solution of o-phenolsulphonic acid C e H 4 (OH) organised bodies, affords valuablo information 
S0 3 H. It is a thick reddish fluid, of 1*45 sp.gr., as to their fitness as foodstuffs, an*} as to the 
having a faint odour like phenol. Occasionally needs of animals or plants, 
called sozolic acid. It is an antiseptic, but does In the process of incineration, there is great 
not possess the poisonous action peculiar to danger of loss of chlorides of potassium and 
phenol, and is therefore recommended for sodium by volatilisation, also of reduction of 
surgical and ophthalmic operations ((.’hem. 1 phosphates and sulphates by the reducing action 
Zentr. 1884, 720). ' of the hot carbon. Berthclot proposed to over- 

The ascptol of Merck is p-phenol sulphnnic ; come these difficulties by heating *in a current 
acid mixed with about. (> p.e. of the o-aoid , of oxygon, the substance to bo incinerated being 
(Obernuller, ('hem. Zentr. 1007, 1(515). j previously mixed with a known weight of 

The name is also given to a preparation con- ! sodium carbonate (Compt. rend. 128, 23; cf. 
fcaining from 0*25 to 10 parts potassium oxy- Roberts, Analyst, 1018,254). 
quinoline sulphate, 0'5 to 10 parts soap, dissolved Shuttleworth ((’hem. ZcnCr. 1899, ii. lM^has 
in 1000 parts of water, mixed with terpineol or suggested tho addition of calcium acetate lin 
other aromatic substances, and occasionally order to prevent the sintering which is so often 
glycerol (Pharm. Zeit. 1SQ7, 770) an obstacle to complete incineration, and has 

Ascptol is also the name given to an ill-defined : devised a special platinum vessel in order to 
mixture of phenyl ethers and sulphonated ] prevent loss of chlorides by volatilisation, and to 
phenols, obtained by the action of sulphuric ! hasten incineration. A modified form of this 
acid on phenol in presence of alcohol (Tnllat, ' apparatus is described by Tucker (Bor. 32, 2583). 
J. Soc. ('hem. Ind. 1892, 1028). A convenient method of minimising the loss 

ASFRAX or Tiai/amanu. An Indian drug, of chlorides by volatilisation is to char the 
consisting of the flowers, flower-stalks, and 1111 - substance thorouglily at a moderato temperature, 
mature fruit of a species of Delphinium Used then cool and extract tho black residue with 
in Bombay as a medicine, and as a yello 1 ^ dye water, filter off the soluble matter, and complete 
for silk (I)ymock, Pharm. J/[3] 8, 161). the incineration of tho residue after drying. 

ASH. This.term is sometimes used to denote When all black particles have disappeared, tho 
the inorganic or mineral matter contamod in any residue is allowed to cool, the aqueous extract 
substance, but more generally refers to the added, evaporated to dryness, and then 
rosidue left oh completely burning or incinerating moderately heated. Addition of ammonium 
it. The two meanings are not necessarily the nitrate to the black char hastens the combustion 
same, since in any animal or vegetable substance of the carbon. 

the inorganic constituents are usually present in Ash of animals. The proportion of ash con- 
very different states of combination to those in stituents present in the whole body of an animal 
which they occur in the rosidue left when the depends largely upon its condition, being greater 
substance is completely oxidised. in loan than in fat animals. According to the 

To ascertain the exact amount and com- Rothamsted experiments, tho following table 
position of the inorganic matter present in any gives the averago proportions of ash and of its 
organio substance is often a matter of con- Main constituents in tho whole bodies of various 
sidcrablo difficulty, and, in many casos, is farm animals in a fatted condition :— 
impracticable. 

The term ‘ ash * should be used, therefore, 
only in the second sense given above. 

Most animal and vegetable substances leave, 
on combustion, a residue containing the follow¬ 
ing constituents in varying proportions :— 

Acidic Basic 

Chlorine Sodium 

Carbon dioxide Potassium 

Sulphur trioxide Calcium 

Sulphur Magnesium 

Phosphorus pentoxide • 1 ron 
Silica Manganese 

Other constituents, generally in small quantities, 
are also often present. 

In the original substance the greater portions 
of the basio constituents in the above list are 
probably present in combination with organio 
acids, and, consequently, are loft in the ash as 
carbonates (often largely the case with potash 
and soda) or as oxides ( e.g . portions of tho lime, 
magnesia, oxides of iron, and manganese) ; while 
the carbonates, sulphates, and T&osphateB are, 
in many cases, derived from organic combina¬ 
tions of carbon, sulphur, and phosphorus exist¬ 
ing in the original substance. The determina- 


1 

Total 

ash 

Phos¬ 

phoric 

acid 

P 2 O 5 

Lime 

CaO 

Mag¬ 

nesia 

MgO 

Potash 

KaO 

Fat calf 

3-9 

1-54 

1-65 

0-08 

0*21 

Half-fat ox . 

5-1 

1'84 

211 

0*09 

0*21 

Pat ox . 

4-2 

1-55 

1-79 

008 

0-18 

Fat lamb 

3-2 

M3 

1-28 

0*05 

0*17 

Store sheep . 

3-3 

1*19 

1-32 

006 

0*17' 

Fat sheep 

3-0 

1-04 

1*18 

0*05 

0*15 

Store pig 

2-8 

1-07 

1-08 

0*05 

0*20 

Fat pig 

1-7 

0-65 

004 

003 

0*14 


The other constituents of the ash oonsist 
chiefly of sodium, chlorine, fluorine, iron, man¬ 
ganese, iodine, and silica. 

The bones and teeth contain the greater part 
of tho phosphoric acid, lime, magnesia, and 
fluorine; potash is present largely in musole, 
blood, and many of the secretions; sodium, 
chlorine and iron are largely preset in the 
blood and the secretions, while iodine is mainly 
accumulated in the thyroid gland. 

(For tho amount and composition of the ash 
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The following table, compiled chiefly from Wolff’s analyses, gives the average proportions 
of ash and of its chief components in various fresh or air-dried agricultural products. 

100 parts of the substance contain:— 


SubVance 

Water | Ash 

k 2 o 

Na 2 0 

| MgO 

CaO 

P 2 O 5 

SO 3 

Si () 3 

Cl 

s 





I. Green Fodder. 






Meadow grass 


70-0 

2-33 

0-80 

0-18 

Oil 

0-27 

015 

0-12 

0-69 

0-19 

0-06 

Rye grass # . 


70-0 

2-13 

0-53 

0-09 

0-05 

016 

0-17 

008 

0-84 

0-11 

0-07 

Timothy grass 


70-0 

2-10 

0-01 

0-08 

0-08 

0-20 

0-23 

0-08 

0-75 

Oil 

0-08 

Oats, in blossom 


77-0 

1-66 

0-85 

0-08 

0-05 

0-11 

0-14 

0-05 

0-55 

0-07 

0-04 

Barley, „ 


08-0 

2-25 

0-59 

0-01 

007 

0-14 

0-22 

0-07 

1-08 

008 

0-07 

Wheat, „ 


09-0 

2-17 

0-58 

001 

0-05 

007 

0-16 

004 

1-23 

0-00 

005 

Eye fodder . 


70-0 

1-03 

0-63 

0 01 

005 

0-12 

0-24 

0-02 

0-52 

_ 


Red clover . 


80-0 

1-34 

0-16 

0-02 

0-16 

0-48 

0-13 

0-04 

0-04 

005 

005 

White clover . 


81-0 

1-30 

0-24 

Oil 

0-14 

0-44 

0-20 

0-12 

0-08 

0-04 

006 

Lucerne 


7f.-3 

1-78 

0-45 

0-02 

010 

0-85 

0-15 

0-11 

004 

0-03 

0-08 

Sainfoin 


78-5 

M 0 

0-48 

002 

0-07 

0-37 

0-12 

0-04 

0-05 

0-03 


Green vetches 


820 

1-57 

0-66 

005 

0-11 

0-41 

0-20 

008 

0-03 

0-05 

003 

Potato tops . 


77-0 

1*18 

0-07 

0-01 

0-27 

0-55 

0-06 

0-08 

0-05 

0-04 

0-05 

Mangold tops 


90-7 

1-48 

0-43 

0-31 

0-14 

0-17 

008 

0-11 

0-07 

0-17 

0-05 

Sugar-beet tops 


89-7 

1-80 

0-40 

0-30 

0-33 

0-36 

0-13 

0-14 

0-06 

0-10 


Turnip tops . 


89-8 

1-40 

0-32 

Oil 

0-06 

0-45 

0-13 

0-14 

0-05 

0-12 

0-05 

Chicory tops . 


85-0 

1-87 

1-12 

0-01 

0 06 

0-27 

0-17 

0-17 

0-02 

0-03 


Carrot tops . 


80-8 

2-01 

0-37 

0-60 

0-12 

0*88 

0-12 

0-21 

0-15 

0-19 

0-14 

Cabbage heads 


88-5 

1-24 

0-00 

0-05 

0-04 

0-19 

0 - 20 . 

0-11 

0-01 

003 

0-95 

Kohl-rabi tops 


85-0 

2-53 

0-36 

0-10 

0-10 

0-84 

026, 

0-30 

0-28 

010 






II. Ilay and Straw, 






Meadow hay . 


14-4 

6-08 

1-71 

0-17 

0-33 

0-77 

0-41 

0-34 

1-97 

0-53 

0-17 

Red clover hay 


16-0 

5-05 

1-95 

0-09 

0-69 

1-92 

0-50 

017 

0-15 

0-21 

0-21 

White clover hay 


16-0 

6 03 

1-06 

0-47 

0-60 

1-94 

0-85 

0-53 

0-27 

0-19 

0-27 

Luoerne hay . 


10-0 

6-00 

1-52 

0-07 

0-35 

2-88 

0-51 

0-37 

0-12 

0-11 

0-26 

Sainfoin hay . • 


10-0 

4-53 

1-79 

008 

0-26 

1-46 

0-47 

0-15 

0-18 

0-14 


Oat hay 


14-5 

6-18 

2-41 

0-20 

0-20 

0-41 

0-01 

0-17 

2 05 

0-25 

0-15 

' ■ Wheat straw . 


141 

4-20 

0-49 

0-12 

0-11 

0-20 

0-23 

0-12 

2-82 

_ 

0-10 

Rye straw 


15 1 

4-07 

0-76 

013 

013 

0-31 

0-19 

0-08 

2-37 

_ 

0-09 

Barley straw . 


14-0 

4-39 

0-93 

0-20 

0-11 

0-33 

0-19 

0-16 

2-38 

_ 

0-13 

Oat straw 


14-1 

4-40 

0-97 

043 

0-18 

0-36 

0-18 

0-15 

2-11 

_ 

0-17 

Maize straw . 


14-0 

4-72 

1-08 

0-05 

0-26 

0-50 

0-38 

0-25 

1-79 

_ 

0-39 

Pea straw 


14-3 

4-92 

1-07 

0-20 

0-38 

1-86 

0-38 

0-28 

0-28 

0-30 

0-07 

Field bean straw 


18-0 

5*84 

2-59 

0-22 

0-46 

1-35 

0-41 

0-01 

0 31 

0-81 

0-22 

Buokwheat straw 


10-0 

5-17 

2-41 

0-11 

0-19 

0-95 

0-61 

0-27 

0-28 

0-40 


Flax straw . 


14-0 

3-19 

1-18 

0-18 

0-23 

0-83 

0-43 

0-20 

0-22 

0-15 

0-14 

Flax, wlvolo plant 


25-0 

3-23 

1 -13 

0-15 

0-29 

0-50 

0-74 

0-10 

0-08 

0-19 


Hop, - „ 


250 

7-40 

1-94 

0-28 

0-43 

1-18 

0-90 

0-38 

1-59 

0-34 

0-20 

Ho'ps . 


12-0 

5-98 

2-23 

0 13 

0-21 

1-01 

0-90 

0-l(> 

0-92 

0*02 

0-48 

Tobaoco 


18-0 

19-75 

5 41 

0-73 

2-07 

7-31 

0-71 

0-77 

1-92 

0-88 


Heather 


20-0 

3-61 

0-48 

0-19 

0-30 

0-68 

0-18 

0-10 

1-27 

0-08 

_ 

Broom . 


18-0 

4-89 

0-89 

005 

0-28 

0-32 

0-18 

007 

0-19 

0-05 

_ 

Fern 


18-0 

5-89 

2-52 

0-27 

0-45 

0-83 

0-57 

0-30 

0-36 

0-60 

_ 

Reeds . 


18-0 

3-85 

0-3.3 

0-01 

0-05 

0-23 

008 

0-11 

2-75 

_ 

_ 

Sedge . 


14-0 

6-95 

2-31 

0-51 

0-29 

0-37 

0-47 

0-23 

2-18 

0-39 

_ 

Rush , . 


14-0 

4-58 

1-87 

0-30 

0-29 

0-43 

0-29 

0-40 

050 

0-85 

— 





III. Boot Crops. 







Potato . . 


75-0 

0-94 

0-50 

0-01 

0-04 

0-02 

0-18 

0-06 

002 

003 I 

002 

Artichoke 


80-0 

1-03 

007 

— 

0-03 

0-04 

0-16 

0-03 


002 


Mangold 


88-3 

0-80 

0-43 

0-12 

004 

0-04 

008 

0-03 

002 

005 ] 

002 

Sugar beet . 


81-8 

0-80 

0-40 

0-08 

007 

0-05 

0-11 

004 

003 

002 


Turnip . 


90-9 

0-75 

0 30 

0-08 

0-03 

0-08 

0-10 

0*11 

002 

003 

0 04 

White ttroip 


91 *5 

0-61 

0-31 

0-02 

0-02 

0-08 

0-11 

0-04 

0-01 

0*04 


Kohl-raw 


87-7 

0-95 

0-49 

0-06 

002 

009 

0-14 

0-08 

001 

006 

__ 

Carrot . 


80-0 

0-88 

0-32 

0-19 

0-05 

0-09 

0-11 

008 

002 

003 

0-01 

Chisx/ry . 


800 

104 

0-42 

008 

007 

009 

0-15 

0-10 

0-08 

004 
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Substance 

Water 

Ash 

KjO 

Na,0 

MgO 

CaO 

no, 

so. 

S10 2 

Cl 

F 





IV. 

Grains and Seeds. 






Wheat . 


14-3 

1-77 

0-55 

0-00 

0-22 

0-06 

0-82 

0-04 

0-03 


0-15 

Rye . 


14-9 

1-73 

0-54 

0-03 

0-19 

0-05 

0-82 

0-04 

0-03 


0-17 

Barley . 


14-5 

2-18 

0-48 

0-0(1 

0-18 

0-05 

0-72 

0-05 

0-59 

_ 

0-14 

OatB 


140 

2-04 

0-42 

0-10 

0-18 

0-10 

0-55 

0-04 

1-23 

_ 

0-17 

Spelt . 


14-8 

3-58 

0-02 

0-00 

0-21 

0-09 

0-72 

0-00 

1-58 

_ 


Maize . 


130 

1-23 

0-33 

0-02 

0-18 

0-03 

0-55 

0-01 

0-03* 

_ 

0-12 

Sorghum 


14-0 

LOO 

0-42 

0-05 

0-24 

0-02 

0-81 


0-12 

_ 


Millet . 


13 0 

3-90 

0-47 

0-04 

0-33 

0-04 

0-91 

0-01 

2-05 

> _ 

0-18 

Paddy rice . 


12-0 

0-90 

1-27 

0-31 

0-59 

0-35 

3-26 

0-04 

0-04 

_ 


Rico 


13-0 

0-34 

0 08 

002 

0 05 

001 

017 

_ 

0-01 

_ 


Bpckwheat . 


14-1 

0 92 

0-21 

0-00 

012 

0*03 

0-44 

0-02 


0-02 


Flax seed 


11-8 

3-22 

1-04 

0-06 

0-42 

0-27 

1-30 

0-04 

0-04 


017 

Peas 


13-8 

2-42 

0 98 

0-09 

0-10 

0-12 

0-88 

0-08 

*9-02 

0-06 

0-24 

Field beans . 


14-1 

2-90 

1-20 

0-04 

0-20 

0-15 

1-16 

015 

0-04 

0-08 

02* 





V. Fruits, <5c. 







Apple, whole fruit 


84-0 

0-27 

0-10 

0-07 

0-02 

0-01 

0-04 

0-02 

0-01 



Pear, „ ,, 


80-0 

0-41 

0-22 

0-04 

0-02 

0-03 

0*06 

0-02 

0-01 



Cherry, „ „ 


78-0 

0-43 

0-22 

0-01 

0-02 

003 

0-07 

0-02 

0-04 

0-01 

_ 

Plum, „ „ 


82-0 

0-40 

0-24 

— 

0-02 

0-04 

0-06 

002 

001 



Acorns, fresh 


50 0 

0-96 

0-02 

001 

005 

0 07 

0-1 fi 

005 

0 02 

0-01 


Beech mast . 


180 

2-71 

0-02 

0-27 

0-31 

0-07 

o-go 

006 

0 05 

0*01 


Horse chestnuts 

• 

49-2 

1-20 

0-71 

- 

0-01 

014 

0-27 

0-02 


0-08 

— 

• 


> 


VI. heaves — 

Autumn. 






Mulberry 


07 0 

1-17 

0-23 

— 

0-0(1 

0-30 

0-12 

0-01 

0-41 



Horse chestnut 


00-0 

3-01 

0-59 

— 

0-24 

1-22 

0-25 

0-05 

0-42 

0-12 


Walnut 


00-0 

2-84 

0-76 

— 

0-28 

1-53 

0-11 

0-08 

0-00 

0-02 


Beech . 


55 0 

3-05 

0-10 

0-02 

0-18 

1-37 

013 

0-11 

1-03 

0-01 


Oak 


00-0 

1-96 

0-07 

001 

0-08 

0-95 

0-16 

0-09 

0*61 



Scotch fir 


550 

0413 

0-00 

— 

0-0(1 

0*26 

0-13 

0-03 

0-08 

003 


Spruce . . 

• 

53 0 

2-03 

0-04 

— 

0-06 

0-40 

0-21 

0-07 

1-84 


— 




VII. Manufactured Products. 



• 



Fine wheat flour 


13-6 

0-41 

0-15 

001 

0-03 

0-01 

0-21 





Whea t bran . 


13-5 

5-50 

1-33 

0-03 

0-94 

0-2(1 

2-88 


006 


4 

Rye flour 


14-2 

1-09 

0-05 

003 

0-14 

0-02 

0-85 





Rye bran 


13-1 

7-14 

1-93 

0-09 

1-13 

0-25 

3-42 





Barley flour . 


140 

2-00 

0-58 

0-05 

'0-27 

0-0(1 

0-95 

0-06 




Maize meal . 


140 

0-95 

0-27 

0-03 

0-14 

0-00 

0-43 


*_ 



Malt 


4-2 

2-60 

0-40 

— 

0-22 

0-10 

1-07 


0-88 



Malt dust 


9-2 

5-116 

2-08 

— 

0-08 

0-09 

1-25 

0-38 

1-77 



Beer . 


1*0-0 

0-39 

0-15 

0-03 

*0-02 

0-01 

0-13 

0-01 

0-04 

001 


Wine . 


80-0 

0-28 

0-18 

— 

0-02 

0-02 

0-05 

0-01 

0-01 



Linseed cake . 


11-5 

5-52 

1-29 

0-08 

0-88 

0-47 

1-94 

0-19 

0-36 

003 


Cotton-seed cake 


11-5 

615 

2-18 

— 

0-26 

0-28 

2-95 

0-07 

0-25 



Potato skins . 


30-0 

6-71 

4-83 

0-05 

0-45 

0-04 

0-23 

0-03 

0-18 

0-14 


Buckwheat groats 


14-0 

0-02 

0-16 

0-04 

0-08 

0-01 

0-30 

0-01 


001 

— 





Vfll 

Wood 

{air-dried). 






Apple tree 


15-0 

1-10 

0-13 

0-02 

0-06 

0-78 

0-05 

0-03 

0-02 



Beech, trunk 


lsTj 

0-55 

0-09 

0-02 

0-00 

0-31 

0-03 

0 01 

0-03 

_ _ 


Beech, brushwood 


15-0 

1-23 

0-17 

0-03 

0-13 

0-59 

0-15 

0-01 

012 

_ 


Birch . 


15-0 

0-26 

0-03 

0-02 

0-02 

0-15 

0-02 


0-01 



Grape . 


16-0 

2-34 

0-70 

0-16 

0-10 

0-87 

0-30 

0-06 

0-02 

0-02 


Mulberry 


15-0 

1-37 

0-09 

0-20 

04)8 

0-78 

0-03 

0-14 

0 05 

0*06 


Larch . 


15-0 

0-27 

0-04 

0-02 

0-07 

0-07 

0-01 

0-01 

0-01 



Oak . • 


15-0 

0-51 

0-05 

0-02 

0-02 

0-37 

0-03 

0-01 

0-01 



Scotch fir , 


15-0 

0-20 

0-03 

0-01 

0-02 

0-13 

0-02 

0-01 

0-04 

— 

~ 


of various portions of the animal body, and of 
oertain animal products, i 1 . Bpnks ; Blood ; 
Milk ; &c ) 

A characteristic of the ash of animal sub¬ 
stances in general, is the usual preponderance 


of lime over phosphorus protoxide and the 
relatively high ratio of sodium to potlasium. 

Ash of plants. The nature of the ash of tire 
leaves, sterns, &e., of plants is affected to a 
considerable extrjpt by the composition of the 











400 


ASH. 


Boil in which the plants grow, but the amount 
and composition of the ash of the seeds are much 
les3 variable. 

In nearly all seeds tho largest constituents of 
the ash are phosphorus pentoxide and potash. 
In certain^eeds generally used in their husk, 
e.g. oats, mulct, spelt, and barley, silica is a large 
constituent. 

But in the leaves and stems-of plants, 
phosphorus pentoxide usually forms but a 
small constituent of the ash, whilst potash 
and limo bccomo relatively more abundant. 
In cereals atid grasses, silica often forms more 
than half of the total ash of tho straw and 
chaff. 

In addition to the constituents given m the 
above table, small quantities of oxides of iron [ 
and manganese aifc almost invariably present ; 
inc/egetablc ashes. 

Titanium (Wait, J. Amer. Chem. Soc. 1896, 
18, 402), aluminium fluorine, and boron 
(Crampton, Amer. Chem. J. 11, 227 ; Jay, 
Compt. rend. 121, 893; Baumert, Bor 21, 
3290), are also frequently present in small 
quantities in the ash of certain plants 

Lithium, rubidium, zinc, copper, baripm, 
and arsenic have also been detected in the ash 
of certain plants giown in soils Containing these 
constituents (Rasserim, Chem. >Soe. Ab.str. 1893, 
ii. 225; IJomberger, ibui. 1899, A, li. 600; 
Macdougal, ibid. 11*00, A, ii. 235). 

Even chromium,molybdenum, and vanadium 
have been detected in the ash of fir, oak, vine, 
and poplar (Domareay, ibid. 1900, 235). 

Indeed, the composition of the soil has a 
great influence upon the amount and composi¬ 
tion of the ash of tho crop grown unon it, though 
this influence is much more marked upon the 
foliage, stem, &c.j than upon the seed. 

Certain plants, originating from plants of 
ihe seashore, e.g. asparagus, beet, and carrot, 
generally leave an ash containing unusually high 
amounts of chlorine and sodium, and applica¬ 
tion of common salt as manure to such crops 
is usually stated to be beneficial, although on 
no very sufficient evidence. 

Plants like salt-worts (Salsola) and samphire 
( Salicornia ) growing on tho coast, contain 
Relatively enormous quantities of soda—in the 
former 6 times, in the latter 14 times, as much 
soda as of potash. 

The ash of the club-moss ( Lycopodium) 
contains from 20 to 50 p.c. of alumina. 

Manganese is invariably present in tea- 
leaves, and, according to the writer’s observa¬ 
tions, is present in the soluble matter (i.e. in 
the infusion). 

As already stated, some of the phosphates 
and sulphates found in the ash of plants result 
from the oxidation of phosphorus and sulphur 
organic compounds present in the original plant. 

Postemak (Compt. rend. 137, 1903) detected 
the existence in peas, beans, potatoes, and tho 
seeds of the red fir, pumpkin, white and yellow 
lupines of anhydro-ozy methylene dxphus phone 
acid— 



or inositol phosphoric acid C fl H fl (PO^H 3 ) 0 . 
Patten and Hart (Bull. 250 (1904), N. York. 
Agrio. Expt. Station) have shown that about 


86 p.c. of the total phosphorus in bran, 81 p.e. 
in malt sprouts, and 50 p.c. in oats, is soluble 
in 0'2 p.c. sol. of hydrochloric acid; and that 
the greater portion of this is present in the brdh 
as calcium, magnesium, and potassium salts of 
nositol phosphoric acid ( v . Bean). 

Importance of the Ash ConslitueMs of Foods. 

The influence of the mineral matter in the 
food of animals upon their health and well¬ 
being is probably much greater than is generally 
recognised. Not only is it essential that all 
the inorganic constituents required for building 
up the tissues and producing the various digestive 
and other secretions be supplied in sufficient 
quantities, but it is important, at least with 
certain pairs of constituents, that they bo 
supplied in appropriate ratios to each other. 

A preponderance of phosphoric acid over 
lime and magnesia in the diet is probably the 
cause or a predisposing cause of certain diseases 
of the bones of horses, mules, and donkeys 
(Ingle, Jour. Comp. Pathology and Therapeutics, 
1907 ; Jour. Agnc. Science, 1908, iii. 22 ; Jour. 
Hoy. Inst. Public Health, 1909); whilo the 
i ratio of potash to soda in tho food has an 
j important bearing upon health, and especially 
! upon the susceptibility to certain diseases, 
c.g. scurvy. 

i Tl<e cereals contain a largo excess of phos¬ 
phoric acid over lime, and the use of an exclm i vely 
cereal diet may lead to imperfect bone nutrition 
(lx. ; also Illustrated Poultry Record, 1910). 

The necessity of an adequate supply of 
chlorides in tho diet is well recogmseJ, and in 
many countries the ordinary food supplies of 
domestic animals have to be supplemented by 
common salt to ensure healthy existence. 

Whenever the rations are restricted to one 
or two items, there is considerable probability 
that certain mineral constituents will be lacking 
or supplied in improper proportions. 

It is too often the practice, in discussing 
tho feeding of animals, to devote much con¬ 
sideration to the organic portions of their food, 
but beyond requiring that sufficient mineral 
matter or ‘ bone-forming * material bo present, 
to pay little or no attention to its composition. 

Thus bran is widely rogarded as a food 
particularly rich in mineral matter, and therefore 
valuable for bone nutrition; but the ratio of 
phosphorus pentoxido to lime in this food is 
about 11 to 1, and the practice of feeding 
animals largely upon bran is known to produce 
a disease of the bones—‘ bran rachitis' in 
horses. 

Kellner (Scientjfio Feeding of Animals, 
1909) estimates that for oxen, 50 grams of 
phosphorus pentoxide and 100 grams of 
limo per 1000 kilos, body weight per day, are 
required in tho food, while for full-grown shcop, 
1 gram of the former and 11 grams of lime 
suffice. 

In England, fortunately, hay—either meadow 
or clover—forms a large part of the rations of 
farm animals, and this contains a largfe excess 
of lime over phosphoric acid, and thus neutralises 
the opposite preponderance in the grain or oake 
used with it. , 

But in South Africa and perhaps some other 
countries, meadow or clover hay is but little 
used, and many horses are fed entirely upon 
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oat hay or oat hay and maize. • In either case 
there is a large preponderance of phosphoric 
acid over lime, and to this fact the prevalence 
of .certain bone diseases is almost certainly due. 

Similar considerations apply to other animals 
kept in confinement, especially to poultry when 
deprived of a grass run, and to pigs. H.I. 
ASIPHYL. See Asyphii* 

ASPARAGINE. A min osuccinamic acid 
C # H 3 -NH,(C0 2 H)(C0-NH 2 ) occurs in two 
optically active forms, differing in direction of 
rotatory power and in taste. Lmvo-asparagine, 
discovered by Vauquelin and Robiquet (Ann. 
Chim. anal. 1805, 57, 88^ in the young shoots of 
asparagus (Asparagus officinalis, Linn.), is widely 
distributed in the vegetable kingdom, occurring 
in most plants at the time of budding and during 
the flowering period, and, with glutamine, forms 
the chief non-proteid compounds present in 
the juice of ripening oranges (Scurti and de 
Plato, Chem. Zentr. 1908, y. 10, 1370; Stieger, 
Zcitsch. physiol. Chem. 1913, 80, 245, 209; 
Smolonski, Zcitsch. Ver. deut. Zuckorind, 1911, 
135; Tutin, Chem. Soc. Trans. 1913, 103, 
1274; Chapman, ibid. 1914, 105, J90I ; Tutin 
and Clewer, ibid. 1914, 570). It is also found in 
blood (Abderhalden, Zcitsch. physiol. Chem. 
1913, 88, 478-483). Miyacha (Bull. Coll. 
Agrie. Imp. L'niv. Tokyo, 1897, 2, 458) has 
shown that in the case of Pfc/>nia aU>ijlora%, nd 
Thea chinensis, oven old leaves, showing incipient 
decay, can produce asparagine. Tt occurs to a 
larger extent m leguminous plants than in 
any other natural order, and is most abundant 
at the time of germination, the quantity being 
greater in etiolated than in normal plants 
(Borodin, Bied. Zentr. 1879, 357 ; see also 
llitman, Izv. Moskow. Selsk. Khoz. Inst. 18, 
212-220; from Abs. Amer. Chem. Soc. 1913, 
3144 ; Nicolaieva, Bull. Agr. Intelligence, 1917, 
8, 204). Sachsse (Landsw. Versuchs. Stat. 

1874, 17, 88) found that the amount of aspara¬ 
gine in germinating peas increased from 0*(»7 to 
0‘94 p.c. during 24 days’ growth ; and Schulze 
and Umlauft (ibid. 1875, 18, 1) found 17*9 p.c. 
of asparagine in the dried shoots of Lupinus 
Inleus seedlings germinated in the dark in dis¬ 
tilled water (cf. also Mereadante, Gazz. ital. 
chim 1875, 5, 187 ; Schulze, Landsw. Versuchs. 
Stat. 1895, 40, 383; Stoklasa, Landw. Jahrb. 

1895, 24, 827; Bourquelot and Herisnoy, J. 
Pharm. 1898, (vi.) 8, 385; BrAal, Ann. Agron. 
1900, 26, 5; Schulze and Barbieri, Landsw. 
Versuchs. Stat. 21, 63; Kinoshita, Bull. Coll. 
Agric. Imp. Univ. Tokyo, 1895, 2, 203); Schulze 
and Bossnard, Zells-n. physiol. Chem. 1885, 9, 
420; Bungener, Bied. Zentr. 1885, 861 ; 
Behrens, Bot. Zentr 1894, 178). Asparagine 
is one of the decomposition products of proteid 
matter (Schulze, Bied. Zentr. 1901, 30, 106; 
Chem. Zentr. 1901, i. 1108; Ber. Deut. Bot. 
Ges. 1907, 25, 213), and its accumulation in the 
lant during the periods of germination and 
udding, particularly when the development 
occurs in the dark is attributed by Borodin 
(Bied. Zentr. 1879,357) and Schulze and Barbieri 
(J. pr. Ohem. 1882, [2] 25, 145), to the absence 
of carbohydrates which under conditions of 
normal assimilation effect the r&incorporation 
of amides into proteid molecules; and this 
view is confirmed by Monteverde (Ann. Agron. 
17, 376), who found that branches of lilac 
Vol. I.— T. 


plunged in distilled water or 4 p.o. glycerol 
solution and kept in the dark, contained 
abundance of asparagine at the end of 15 days, 
but neither starch nor mannitol. When, how¬ 
ever, branches of the same plant were kept in 
solutions of glucose, sucrose, or mannitol, they 
formed no asparagine in a month, bu4*contained 
much mannitol and starch. Another source 
of asparagiqe in the plant is its synthetic 
formation from ammonium salts, urea, or 
nitrates supplied by the soil. This synthetic 
production is only possible in the presence of 
sugar, and under conditions that ^xolude the 
formation of proteids (Suzuki, Bull. Coll. Agrio. 
Imp. Univ. Tokyo, 1895, 2, 196). The function 
of the asparagine in tho plant eoonomy is the 
production of proteid matter; hence the 
addition of leguminous seeds after steaming 
to the mash in brewing is recommended by 
Birner (J. Soc. Chem. lnd. 1882, 333), as tne 
asparagine they yield forms excellent nutriment 
for the yeast cell; and Kinoshita (Bull. Coll. 
Agric. Imp. Univ. Tohyo, 1895, 2, 196) found 
that young shoots of soja bean that showod an 
increase m asparagine, from 21 5 to 28*7 p.c. after 
four weeks’ natural growth, became poorer in 
asparagine (18‘9—-13*7 p.c.) if grown for tho 
same period in .methyl alcohol and glycerol 
solution, but contained reserve proteid matter. 
According to Ciamician and Ravenna (Atti R. 
Accad. dei Lincci [5] 20, 1. 614-624), there is an 
increase of alkaloid in tho tobacco plant and 
date when supplied with asparagine. Morgen, 
Beger, and Wosthausser (Landw, Vorsachs. Stat. 
1911, 75, 265-320), experimenting with sheep, 
claim that, givon a sufficiency of carbohydrate, 
a deficiency of protein may be made good with 
ammonium acetate and asparagine. 

Asparagine can be extracted from the juice 
expressed from young vetch seedlings that 
have germinated in the dark, 10 kilos, of vetch, 
yielding 150 grams of pure asparagine (Piria, 
Annalen, 1848, 08, 343). Sure and Tottingham 
found that asparagine is made uso of in the 
nitrogen metabolism of etiolated pea plants 
(J. Biol. Chem. 1916, 26, 5355. 

Asparagino crystallises from aqueous solution 
in large rhombic lacvo- hemihedral prisms, 
a:b:c :: 0 4752 : 1 : 0 8294 (Freundler, Compt. 
rend. 1897, 125, 657), containing 1H 2 0, which 
it loses at 100°, and then melts at 234°-236° 
(Michael, Ber. 1895, 28, 1629); it has a sp.gr. 
1'5434 at 14 '8°/4° (Piutti, Gazz. chim. ital. 1904, 
34, 36); the molecular heat of combustion is 
448 - 4 Cals., and the heat of formation 205d 
Cals. (Borthelot and Andre, Compt. rend. 1890, 
120, 884 ; see also Emery and Benedict, Amer. J. 
Physiol. 28, 301-307); it is sparingly soluble in 
cold, readily so in hot water—1 part dissolves 
in 82 parts of water at 10°, in 47 parts at 20° 
(Becker, Ber. 1881, 14, 1028), in 58 parts at 
13°, and 1 89 parts at 100° (Guareschi, Gazz. 
chim. ital. 1876, 6, 370; cf. Bresler, Zeitsch. 
physikal. Chem. 1904, 47, 611). The aqueous 
solution is weakly acid, has an insipid and dis¬ 
agreeable taste, and is Iscvo-rotatory f«J D —6° 4' 
(Piutti, Compt. rend. 1886, 103, 134); the 
rotatory power 6f tho solution is increased by 
raising the temperature and by the addition of 
alkalis, invertoa by- mineral acids and' by solu¬ 
tions of certain inorganic salts and destroyed 
by acetic acid (Champion and Pellet, Compt. 

2 D 
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rend. 1870, 82, 819; Becker, Ber. 1881, 14, 
1028; Smolenski, Zeitsch. Ver. deut. Zuckerind, 
1910, 215; and 1912, 791; Pellet, Z itsch. 
Ver. dout. Zuckerind, 1911, 435-443 ; Clough, 
Ohem. Soc. Trans. 1915, 107< 1513; Andrlik 
and Stanek, Zeitsch. Zuckerind. Bohm. 31, 
417). Advantage is taken of this last fact 
to eliminate the error due to the presence of 
asparagine in saccharimetrie determinations of 
sugar liquors from beets and canes. Asparagine 
is partially hydrolysed by boiling with water, 
forming aspartic acid (aminos ucc into, acid) 
CgH^NHjfCOiH)*' and ammonia; the change 
is rapid and complete when excess of barium 
hydroxide or dilute hydrochloric or sulphuric 
acid is employed (Schulze, Landsw. Versuchs. 
Stat. 29, 233); by the action of potassium 
permanganate, asparagine is oxidised to car¬ 
bamide and ammonia ; and when used m 5 p.c. 
aqueous solution for the culture of Bacillus 
pyroci/anicus, it is converted into aspartic 
acid after CO hours, and completely decomposed 
after 72 hours (Arnaud and Charrin, Compt. 
rend. 1891, 112, 755; Adcney, Proc Roy 
Irish Acad. 1905, 25, 6). An aqueous solution 
in presence of sunlight yields acetaldehyde, 
ammonia, and carbon dioxide (Ganassinl, Giorn. 
Farm. Chim. 1912, 62, 439-444). Under the 
action of enzymes, asparagine yields a mixture 
of formic, propionic, and succinic acids (Neuberg 
and Cappezzuoli, Bioehem. Zeitsch. 1909, 18, 
424), and a similar change is effected by brewer’s 
yeast (Effront, Mon. Sci. 1909, (iv.) 23, i. 
145; and Kurono, J. Agric. Tokyo, 1911, 1. 
295-330). 

The presence of asparagine (1 : 19,000) may 
be detected by meangi of triketohydrindene 
hydrate (Abderhalden and Schmidt, Zeitsch. 
physiol, (’hem. <85, 143-147). 

The estimation of asparagine is based upon 
its quantitative conversion into aspartic acid 
and ammonia by the action of hydrochloric 
acid, the aspartic acid may bo removed in 
the form of its sparingly soluble copper salt 
(Engel, Compt. rend. 1888, 106, 1734) and the 
ammonia determined by Sachsse’s method (J. 
pr. Ohem. 1872, [2] 6, 118) or by one of the 
modifications of Schloessing’s method described 
by Meunier (Ann. Agron. 6, 275), by Schulze 
(J. pr. (’hem. 1885, [2] 31, 233), or by Brown 
and. Millar (J. Soc. Chem. Ind. 1904, 135). 
Palefc (Anal. Soc. Quim. Argentina, 1917, 5, 
95) points out that the results of the estimation 
by Schloessing’s method are influenced by the 
employment of different alkalis. 

Asparagine has feeble basic and acidic 
properties, and forms salts with acids and basos 
(Chautard and Dessaigne, Annalen, 1848, 08, 
349; Dessaigne, Annalen, 1862, 82, 237; 
Smolka, Monatsh. 1887, 0, 915); it also forms 
double compounds with certain salts of the 
heavy metals, the sparing solubility of the 
compound with mercuric nitrate is made use 
of in isolating small quantities of asparagine 
from solutions containing carbohydrates 
(Schulze, Ber. 1882, 16, 2855); it forms stable 
complex internal salts with certain heavy metals; 
the chromium saltCr(C 4 H 7 0 3 N 2 ) 3 crystallises in 
microscopic rose-violet needles (Tschugaeff, 
Serb in, Compt. rend. 1910, 151, 1361-1363) and 
combines with copper hydroxide to yield a copper 
implex of the.formula Cu(,C 4 H 7 0 3 N 8 ) 8 (Kober 


and Sugiura, J. Biol. Chem. 1912-1913,13,1-13); 
the alum (C f H 8 0 3 N £ ) a H 8 S0 4 ,Al a (S0 4 ) 3 ,24H # 0 
forms octahedral crystals. Asparagine is con¬ 
verted into J-chlorosuecinic acid and fumaric 
acid by the action of nitrosyl chloride in hydro¬ 
chloric acid solution (Tilden and Forster, Chem. 
Soc. Trans. 1895, 67, 489); it yields the amide 
of uramidosuccinic anhydride 

C()NH 2 CH 2 *CHNHCONH 

i 

CO-1 


when fused with carbamide (Guareschi, Gazz. 
chim. ital. 1876, 6, 370), and is converted into 
amidosueemuric acid 


C()NH 2 CH 8 *CH<f 


NHCONHo 


^COOH 


i m.p. 137°-138°, by the action of potassium 
cyanate (Guareschi, Ber. 1877, 10, 1747). 
: Certain condensation products of asparagine 
with othei*amino- acids are described by Fischer 
(Ber 1904, 37, 4585; 1907, 40, 2048), cfdoro- 
acetglasparagme, m.p. 148°-149° (corr.); glycyl- 
asparagine, m.p. 216°, [“1^—6'4° at 20°; 
auhydnsjh/n/lasjuiragine, decomposing at 274° ; 
d-leue yl-l-aspai agine, decomposing at 230° (corr.), 
|’aJ i) —53'6 0 at 20°; \-leucyl-d~asparagine, m.p. 
228° (corr.), ; asparagylaspartic 

and, decomposing at 120°. Sasaki (Beitr. 
Chem. Physiol. Path. 1907, 10, 120) describes a 
henzoylpolypeptide of asparagine C, 9 H 24 0 8 N 4 , 
decomposing at 210°, and giving the biuret 
reaction. 

Benzyl hydrogen asparaginedithiocarboxylate 
CO,H C 2 H 3 (CONH 2 )’NH*CS S *CH 2 Ph 

has m.p. 180°. The barium salt crystallises 
in slender needles (Siegfried and Weidenliaupfc, 
Zeitsch. physio! Chem.'1910, 70, 152-160). 

As regards the alimentary value of asparaginb, 
it has been found that in the case of herbivorous 
mammals and geese, asparagine has a proteid- 
sparing action, and under appropriate con¬ 
ditions prevents waste and causes the formation 
of proteid matter (Weiske, Died. Zentr. 1879, 
744; 1882, 312; Zeit. fur. Biol. 15, 261; 20, 
276; Landws. Versuchs. Stat. 1888, 34, 303; 
Rosenfeld, Zeitsch. Ver. deut. Zuckerind 

1900, (539] 1055, from. J. Soc. Chem. Ind. 

1901, 271). According to Zuntz and Muller 
(Pfliiger’s Archiv. 1906, 112, 245), the proteid- 
sparing action of asparagine is the result of 
a kind of symbiosis, the bacteria in the paunch 
of the ruminants decomposng the asparagine 
in preference to the protein in the food. In 
the case of omnivora and carnivora, asparagine 
exerts only a diuretic action (Murck and Voit, 
Bied. Zontr. 1884, 749 ; Polifcis, Zeit. Biol. 1893, 
27, 492; Mauthner, ibid. 507 ; Gabriel and 
Voit, ibid. 29, 115, 125 ; Levena and Kohn, 
Amer. Jour. Physiol. 1909, 23, 324; sec, how¬ 
ever, Abderhalden, Zeitsch. physiol. Chem. 
1911, 74, 481-504; and Nitsche, Beitr. Phys. 
1914, 1, 53-89). 

Dextro-asparagine. was discovered by Piutti 
(Ber. 1886, 19, 1691) in the young shoots of the 
vetch (Vida ^saliva, Linn.) 6500 kilos, of vetch 
buds yielded 20 kilos, of crude asparagine, from 
which 100 grams of pure dextro-asparagine 
was isolated ; it is slightly more soluble tnan 



ASPARTIC ACID. 403 


the Isevo- compound; the solution has an in¬ 
tensely sweet taste, is dextro-rotatory in neutral 
or alkaline solution [«]4-5*41° (Piutti, Compt. 
rend. 1880., 103, 134), and lievo-rotatory in 
acid solution; it forms large rhombic dextro- 
hemihedral crystals, a:b:c:: 0-4741 : 1 : 0 8310 
(Freundlcr, Compt. rend. 18!)7, 125, 657). A 
solution of equal parts of the two optically 
active asparagines is optically inactive, but 
the two varieties separate on crystallisation, 
twinning frequently taking place between the 
left and right crystals (Piutti, Compt. rend. 
1886, 103, 134). d- and /-Asparagine can be 
separated by fractional crystallisation from 
hot water although both have the same solubility 
at 20°. The solubility of /-asparagine, previously 
heated, is at least doubled after cooling, and 
only slowly returns to its original value 
(Erlenmeyer, Kiochem. Zeitsch. 52, 430-470). 
The silver salt of di-asparagine C 4 H 7 0 3 N 2 Ag, 
forms wart-like clusters m of crystals, m.p. 
182°-183° (decomposed) (Abderhalden and 
Kautzsch, Zeitsch. physiol. Chem. 1912, 78, 
135-127). 

According to Pringsheim (Zeitsch. physiol. 
Chem. 1910, 65, 89), the (/-asparagine found by 
Piutti in the mother liquors from which the 
/-asparagine had been isolated, was formed by 
the racemisation of the /-asparagine during the 
process of evaporation of the solutions. Che 
author states that after boiling /-asparagine 
ny)n°°+36-19°, in W/IO hydrochloric acid solu¬ 
tion] for 12 hours, with water, and subsequent 
fractional crystallisation, he obtainod a fraction 
that had [a]^° —15-3° in N /10 hydrochloric acid 
eolation, and therefore contained d-asparagino. 

In addition to the two asparagines already 
described, there is a third form known as 
o-asparagine; it does not occur naturally; is 
Optically inactive, crystallises in the triclinio 
system, a : 6 : c—1-5957 : 1 : 0-5668 ; a=91°19'; 
0=113°/12', 7=83° 48' (Brugnatelli); and has 
a sp.gr. 1-454 .it 14-8°/4° (Piutti, Gazz. chim. 
ital. 1904, 34, a. 36), and is not structurally 
identical with the optically active or 0 -aspara¬ 
gines. The three asparagines have been syn¬ 
thesised by Piutti (Gazz. chim. ital. 1887, 17, 
126; 1888, 18, 457) by the following methods, 
that leave no doubt as to the constitution pi 
the compounds. By the reduction of the oxime 
of oxalacetic ester C0 a Et-CH a -0(N0H)-C0,Et 
with sodium amalgam and partial saponification 
of the product, Piutti obtained two different 
ethyl hydrogen aspartates, melting at 165° and 
200° respectively. The oster melting at 165° 
is identical with the compound obtained by 
reducing Ebert’s (Annalen, 1885, 229, 45) mono- 
ethyl ester of oximinosuccinic acid, which has 
the formula CO a H-CH 2 -C(NOH)-CO a Et, since 
on heating it loses C0 2 and forms oximino- 
propionio ester CH 8 -C(N0H)-C0 2 Et. It follows, 
therefore, that the ethyl hydrogen aspartate 
melting at 165° is the monoethyl a-aspartate 
C0 a H-CH 2 -CH(NH 2 )-C0 2 Et, and the ester melt¬ 
ing at 200 ° must be the monoethvl 0 -aspartate 
COjH-CH(NH a )CH 2 -CO a Et. When these esters 
are treated with alcoholic ammonia, they are 
converted into the corresponding asparagines ; 
the ester m.p. 165° gives inactive a-asparcu/ine 
fc0 2 H-CH 2 -CH(NH 2 )-00NH 2 , and the ester 
m.p. 200 ° yields a mixture of d - and /- 0 -aspara- 


gines CO.H*CHjNH a )*CH^'CONHj. Prom 
silver ethyl 7 -oximinosuccmate 
• / CH-C0 2 Et 

OH-N< ) 

X)H-C0 2 Ag 

Piutti (Gazz. chim. ital. 1890, 20, 402) <jJ>tained a 
mixture of the three asparagines, th<f a-aspara- 
gine readily gave up its water of crystallisation in 
a vacuum, and fell to powder; and the d- and /- 0 - 
asparagines could thon be separated by hand 
sorting. A mixture of the three asparagines 
was also obtainod by the action of alcoholic 
ammonia on the ethyl hydrogen ester»of inactive 
aspartic acid (Piutti, Gazz. ital. chim. 1887, 
17, 126; 1888, 18, 457). Korner and Monozzi 
(Gazz. ital. chim. 1887, 17» 171, 226) effected 
the synthesis of the d - and i- 0 -asparagines 
from ethyl bromosuccinato, from ethyl fumarate 
or ethvl maleate, by the action of alcohol^p 
ammonia; and similar results were obtained 
by Piutti (Ber. 1896, 29, 2069) with /-brorno- 
succinamic acid or nmloic anhydrido. 

Q-Ethylasparagine C0 2 H-CH(NH a )-CH a - 
CO-NHEt, m.p. 258°-260° ) with decomposition, 
and (3-allylisparagin e C0 2 H-CH(NH 2 )-CH|- 
CO-NH-CjH. 4 , molting and decomposing at 258°- 
261°, prepared by the action of the cor¬ 
responding alkylamme on 0 -ethylaspartic acid, 
yield optically inactive solutions (Piutti, Gazz 
chim. ital. 1888, 18, 478). M. A. W. 

ASPARAGUS. The shoots of this plant 
{Asparagus officinalis) are used us a table 
vegetable. 

Carbo- 

Water Protein Fat hydrates Ash 
Average composition 94 0 1-8 0-2 3-3 0-7 

The nitrogenous matter of asparagus consists 
largely of ammo-succmamic acid CO(NH 2 )-CH 2 - 
CH(NH 2 )-COOH, a substance known (from its 
discovery, in 1805, in asparagus shoots) as 
asparagine (q.v.). 

Coniferin and vanillin have also been found 
in the sap and cellular tissue (Lippmann, Ber. 
1886, 18, 3355); Tanret (Compt. rend. 1909, 
149, 48) describes two new # carbohydrates as 
1 occurring in approximately equal quantities in 
asparagus roots —asparayoet (C # H 10 O 8 ), ( -H a O, 
where n— 15 or 16, crystallising in microscopic 
needles, soluble in water, insoluble in absolute 
; alcohol, m.p. 198°-200°, gives no colouration 
with iodine, and does not reduce Folding's 
: solution; and ty-asparagose, a white, hygroscopio 
substance more soluble than asparagose. Both 
substances are hydrolysed by invertaBe, yielding 
dextrose and hevulose. 

' The seeds of asparagus were examined by 
Peters (Arch. Pharm. 1902, 240, 53), and were 
found to contain water 11-5, woody fibre 8-2, 
nitrogen 3-0, and oil 15-3 p.c. Starch was not 
present, but a reserve cellulose (mannan), 
oapable of yielding d-mannose on boiling with 
dilute hydrochloric acid, occurred; 37-5 p.c. of 
the weight of the seeds, of mannose was obtained. 
The oil was reddish yellow, had a bp.gr. of 0-928 
at 15°, and an iodine number of 1371. H. I. 

ASPARTIC ACID. Aminosuccinic acid 
C0 2 HCH a CH(NH a )-CO,H, found in young 
, sugar cane and in molasses of sugar beet 
(Scheibler, J. 1886, 399), in young Bffbots of 
the gourd (Schulze and Barbieri, Ber. 1878, 

111, 710), and in mulberry leaves (Mimuroto, J. 

I Agrio. Tokyo, 1912,J5, 63-65), htyj been observed 
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in diseased liver (Taylor, Zcitsch. physiol. Chem. 
1901, 34, 580), and occurs in certain glands of 
Tritonium nodosum , the posterior portion of the 
gland when stimulated secretes an acid fluid from 
which aspartic acid immediately crystallises. 
As aspartic acid is soluble in sea-water, it is 
probably^employed by the animal in destroying 
the calcareous shells of the other shellfish that ( 
form its food (Henze, Ber. 1901, 34, 348). 

Aspartic acid is prepared by hydrolysing j 
asparagine by moans oi hydrochloric or sul- I 
phurie acid, lime, baryta, lead oxide or potash 
(Plisson, Ann. ('him. Phys. [2] 35, 175; 37, 
81 ; 40, 303 ; Schulze, Landsw. Versuchs. Rtat. 
29, 233); it is one of the degradation products 
of proteid matter, and is obtained when casein 
or proteid is heated with (1) dilute sulphuric j 
acid (KreusslevJ. pr. Chem. 1809, 107, 239; 
«R.itthausen, ibid 218 ; Fischer, Zeitsch. physiol. 
Chem. 1901, 33, 151 ; 1902, 35, 70; 30, 462); 
(2) bromine or with stannous chloride (lllasiwetz 
and Habermann, Annalcn, 1871, 159, 325; 
1873, 169, 162). Aspartic acid is produced 
by the oxidation of conglutin with potassium 
permanganate (Pott, .1. pr. ('hem. 1873, [2] 
6, 91), by the pancreatic digestion of fresh 
blood fibrin at 40°-50 u (Radziejewski and j 
Salkowski, Ber. 1874, 7, 1050), or of gluten 
(Knieriem, Zeitsch. f. Biol. 1876, 11, 198); and 
is one of the acid constituents of Kuhne’s I 
1 antipeptone ’ (KutBcher, Zeitsch. physiol, j 
Chem. 1898, 25, 195; 26, 110). 

The naturally occurring aspartic acid is, 
ltevo-rotatory and the same l-asparhc acid is; 
obtained by hydrolysis of hreo-asparagine j 
(Sehiff, Ber. 1884, 17, 2929); it crystallises in j 
rhombic prisms, m.p. 270°-271° (Michael, Ber. i 
1895, 28, 1629), is sparingly soluble in water, 
100 grams of water dissolve y mg. of the acid 
at t°, where 

y=372-f 14H—0*18124t 2 +00053t s 

(Engel, Compt. rend. 1888, 106, 1734). A 
solution containing 1 873 p.c. of acid is feebly 
dextro-rotatory below 75°, but loevo-rotatory 
above that temperature; (Wood, 

Chem. Soc. Trans. 1914, 105, 1992); in alkaline 
solutions the substance is strongly Itevo-, and 
in ^oids strongly dextro-, rotatory, and dextro¬ 
rotatory in aqueous solutions of certain inorganic 
salts (Becker, Ber. 1881,14,1028). The rotatory 
power in acid and alkali reaches a maximum 
value under definite conditions of concentra¬ 
tion (Wood, ibid. 1914, 105, 1992; Clough, 
Chem. Soc. Trans. 1915, 107, 1510). The 
heat of combustion is 387 2 Cals., the heat of 
formation 231 ’9 Cals. (Berthelot and Andr£, 
Compt. rend. 1890, 110, 884); the heat of 
dissolution at 16° is —7’25 Cals., heat of neutral- 1 
isation by sodium hydroxide -f3*0 Cals, for 
the first, and -f-3‘5 Cals, for the second equiva¬ 
lent (Berthelot, Compt. rend. 1891, 112, 829). 
Aspartic acid is readily soluble in aqueous 
solutions of certain mineral salts; for this reason 
SohifI ,.(Ber. 1886, 17, 2929) recommends that 
in its preparation from asparagine by boiling 
with hydrochloric acid, the minimum quantity 
(2 raoffiP) qf acid be employed, and the exeoss 
afterwards neutralised by ammonia (1 mol.); 
by adopting this precaution, a yield of 90 p.c. 
of the theoretical is obtain^!. For the estima¬ 


tion of aspartic acid in the hydrolysis products of 
proteid, see Foreman (Bio-Chem. J. 1914, 8,463). 

Aspartic acid forms salts with acid and 
bases, the conper salt C 4 H 5 0 4 NCu,4£H 2 0 or 
C 4 H 5 0 4 NCu,5H 2 0, forms pale-blue needles almost 
insoluble in cold water (Engel, l.c .; Abderhalden 
and Weil, Zeitsch. physiol. Chem. 1911, 72, 23). 

I The calcium salt can be precipitated quantita- 
I lively by means of alcohol (Foreman, ibid. 471). 
j The mono-silver salt melts 216°-217° with 
decomposition (Abderhalden and Kautzsch, 
Zeitsch. physiol. Chem. 1912, 78, 123). A 
uranvl salt UQ 2 (C 4 H 6 0 4 N) a ,3H 2 0 is formed by 
double decomposition (Mazzuceliolli and D’Alceo, 
Atti. R. Acead. Lincei, 1912, [5J 2, 11, 620-626). 
Aspartic hydrochloride C 4 H 7 0 4 NHC1, softens 
with gas evolution at 178°, and then does not 
alter up to 280° (Philippi and Uhl, Monatsh. 
34, 717-731). Aspartic acid is oxidised by 
hydrogen peroxide to the semi-aldehyde of 
malomc acid which breaks up into acetaldehyde 
J and carbon dioxide (Dakin, J. Biol. Chem. 
1909, 6 , 409); it is capable of furnishing the 
nitrogen required for the development of B-coli 
commums in prosence of mannitol and glucose, 
becoming reduced to ammonium succinate 
(Harden, Chem. Soc. Trans. 1901, 623), and by 
enzyme action it is decomposed into formic, 
propionic, and succinic acids (Neubcrg and 
Ca<ipezzuoli, Biochcm'. Zeitsch. 1909, 18, 424 ; 
Borchardt, Zeitsch. physiol. Chem. 1909, 59, 
96; Abderhalden and Fodor, Zcitsch. physiol. 
Chem. 1913, 85, 119, 130). On heating it with 
glucose under pressuro Bauer and Barshall 
obtained succinic acid, and suggest that aspartic 
acid is the source of the succinic acid found in 
meat extract (Chem. Zentr. 1911, 2, 1367). 
When aspartic acid is heated at HK)°- 200° for 
20 hours, and the product boiled with water, 
two sparingly soluble anhydrides, octoasparlide 
NK-j 

HO(CO*C-CH 2 -CO),H 

I 

and telrasparhde 

NIT- 

HO(COOCH 2 CO) 4 H 

I 

vye obtained, the more soluble odoaspartic 

NH a 

H0(C0-C*CH 2 C0 2 H) s H 

I 

and tetraspartic acid 

NH 2 

HO(Ctt(>CH a €O a H) 4 H 

can be isolated from the filtrate (Sehiff, Ber. 
1897, 30, 2449). Dimethyl or diethyl sulphate 
and Z-aspartic acid in alkaline solution give 
fumaric acid and alkylated ammonia derivatives 
(Novak, Ber. 1912, 45, 834-850). The following 
alkyl esters of aspartic acid are described : Mono- 
ethyl asparate hydrochloride, m.p. 199°; diethyl 
and dimethyl aspartate hydrochlorides , deliquescent 
solkD (Curtius and Koch, Ber. 1885, 18, 1293; 
Wegscheiden<md Frankl, Monatsh. 1906,27,487), 
ethyl 0 -aspartate CO a HCH(NH 2 )CH s -CO a Et, 
m.p. 200° ; ethyl a-aspartate CO a H‘CH l , CH(NHi) v 
CO a Et, m.p. 165° (Biutti, Chem. Zentr. 1888, 
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1459). The methyl, ethyl, allyl, propyl , iso¬ 
propyl, butyl, wobutyl, and tsoamyl hydrogen 
esters are dextro-rotatory at ordinary and 
Iffivo-rotatory at higher temperatures, and 
form sparingly soluble copper salts (Piutti and 
Maghi, Gazz. chim. ital. 1906, 36, ii. 738). 
Z-Diethylaspartate has b.p. 126-5711 mm. 
pressure; sp.gr. L089 at 17° and [J*° =-9-46° 
(Fischer, Sitzungber, Akad. Wiss. Berlin, 1900, 
48,1062), or b.p. 126°-127°/10 mm., 150M52725 
mm. pressure, and forms a yellow picrolonatc 
C K H 15 O 4 N,C 10 H 8 O 6 N 4 , m.p. 290° (Schmidt and 
Widman, Her. 1909, 42, 497). Aspartic acid 
and ethyl metaphosphate yield a derivative of 
the composition C fi H la O^P (Langheld, Bor. 
1911,44,2076-2086). 

Of tho acyl derivatives of aspartic acid, the 
benzenes ulphonyl derivative S0 2 PhNHC 2 H 3 
(CO t H) l melts' at 170° (Hedm, Bor. 1891, 23, 
3196); the hippuryl derivative NHBz-OH a CO- 
NH*G a H|(CO a H) s , ra.p. 191° (Ourtius and 
Curtius, J. pr. Chem. 1904, (ii.) 70, 158); 
btnzoyl l-asjKirlic acid, m.p. 184°-185° (corr.); 
has [o]“° -f37 4°, lencyl aspartic acid CII 2 Pr^ . 
CH(NH a )-0O-NH C a H 8 (CO a li) 2 ,H a O decom¬ 
poses at 180°-182° (corr.) (Fischer and Koenigs, 
Ber. 1904, 37, 4585); and the picryl derivative 
C 10 H h O 10 N 4 has m.p. 137° ;o dicihylchloracutyl 
aspartate 

COOEt-OH 2 1 tHNH(COCH 2 CI)COOEt 

(Fischer and Koenigs, Ber. 1904, 37, 4585; 
Born water, Bee. trav. chim. 1917, 36, 

281) has m.p. 40°-47°; k.p. 139°; aspartic 
diamide 0 2 H 3 (NH 2 )(C0NH 2 ) 2 , m.p. 131°, has 
t a ] u ~7°, and gives the biuret reaction (Fischer 
and KoenigB, l.<\ ). Aspartic acid resembles 
asparagine in its physiological action (Salkow- 
ski, Zeitsch. physiol. Chem. 1904, 42, 1207 ; 
Andrlik and yehch, Zeitsch. Zuckerind. Bohm, 
1908, 32, 313). 

d-Aspartic acid. , obtained by hydrolysis of 
d-asparagine (Piutti, Ber. 1886, 19, 1694), or 
from l- bromosuccinio acid and aqueous ammonia 
at —40°, a Walden rearrangement taking place 
(Fischer and Raske, Ber. 1907, 40, 1051); is 
also obtained from a solution of the racemic 
acid [{d+l) aspartic acidj which has been 
innoculated with a mould grown on {-aspartic 
acid (Engel, Compt. rend. 1887, 106, 1734). 
Benzoyl a-aspartic acid, obtained by Fischer 
(Ber. 1899, 32, 2451), by the resolution of the 
racemic compound, through the brucine salts, 
has m.p. 181°-182°, [a]^ —^7 , 0° in alkaline 
solution. 

Inactive, (d+l)-aspartic acid, prepared by tho 
aotion of boiling hydrochloric or nitric acid on 
the product obtained by heating the ammonium 
salts of malic, maleic, or fumaric acids (Dessaigne, 
Compt. rend. 1850, 30, 324); by heating an 
aqueous solution of the hydrochloride of 
f-asparfcio acid at 170°-180° for some hours 
(Michael and Wing, Ber. 1884, *[1] 2984); by 
heating d - or {-aspartic acid with 2 mols. HC1 
(sp.gr. 1 *107) at 170M80 0 , or from an aqueous 
solution of equal parts of the d- ind l- acids; 
the racemic acid crystallises out (Piutti, Ber. 
1886, 19, 1604); bv reducing and hydrolyBing 
the sodium salt of ethyl oximino-oxalacetate 


(Piutti, Chem. Zentr. 1888, 68 ). (d-f-Z)-Aspartio 
acid formp small monoclinic prisms ; 100 grams 
of water dissolve y mg. of the acid at t°, where 
y=517+21-693<—0*165Z*+0-0079f a 

(Engel, Compt. rend. 1888, 106, 17m The 
copper salt CuC 4 H 6 0 4 N,4£H a 0 is dark-blue 
(Engel, l.c.). dl-Aspartic acid picrolonatc forms 
long slender crystals with square ends decom¬ 
posing at 130° (Levene and Slyke, Bio-Chom. J. 
1912, 12, 127-139). Tho benzoyl derivative has 
m.p. 164V165 0 (corr.), and can bo resolved into 
its active components by crystallising the 
brucine salt (Fischer, Ber. 1899, 32, 2451). 

M. A. W. 

ASPHALT. Compact bitumen, Mineral pitch, 
Jews 1 pitch, Bitumen of Judcea. (Judenpcf h, 
Erdpech, Bergpech, Ger.; Goudron min&ral, Fr.) 

A name given to the solid varieties of bitumem 
In its purest form asphalt presents the appear 
anoe of a black or brownish-black solid substance, 
possessing a bright conchoidal fracture. It 
melts at 100 *, burning with a brilliant flame and 
emitting a bituminous odour. Sp.gr. 1*0-1 * 68 . 
Asphalt is insoluble in alcohol and water, soluble 
in about five times_ its weight of naphtha, and 
in benzol. It is dissolved by alkalis and alkaline 
carbonates. 

By dry distillation a yellow oil, Asphalt 
oil, is obtainod. It consists of hydrocarbons 
mixed with a small quantity of oxidised matter. 

It begins to boil at 90°, but the boiling-point 
gradually rises to 250*. The portion boiling 
below 200* has the sp.gr. 0-817 at 15°; that 
above 200® has a sp.gr. of 0-868 at 16°. Both 
portions gave by analysis about 87-5 p.c. carbon, 
11*6 p.c. hydrogen, and 0-9 p.c. oxygen, which 
is nearly tho composition of oil of amber (Volckel, 
Annalen, 88,139). Nitric acid Converts it into 
a resin, having the odour of musk and the taste 
of bitter almonds. • 

Boussingault obtained from the asphalt of 
Bechelbrunn a pale-yellow oil, petrolene, having 
a faint taste and bituminous odour, of sp.gr. 0 891 
at 21 ®, and boiling at 280°. * 

By heating asphalt to 250® for 48 hours, the 
volatile oils are driven off; a black solid sub¬ 
stance, asphaltene, is obtained. It becomes soft 
and elastic about 300°. 

The purest asphalt is found on the shores of 
the Dead Sea ana in the pitch lakes of Trinidad 
and Mexico. Rocks more or less impregnated 
with bitumen, to which the name earthy or 
crude asphalt is given, are found at the Poldice 
mines, Cornwall; near Matlock, Derbyshire; 
at Haughmond Hill, Shropshire j at the Hot- 
wells, near Bristol; in the limestone near 
Glasgow; the freestone near Edinburgh; and 
generally throughout the Orkneys. Large 
deposits ocour also at Seyssel, Ddpt. de 1’Ain; 
at Bechelbrunn and Lobsann, Lower Rhine; at 
Bastennes and Dax, in the D£pt. des Landes; 
in the Val de Travers, Neuchatel, in Kentucky, 
and other places. 

Asphalt is separated from the minerals with 
whioh it is associated either by melting the 
mass, allowing the earthy matters to subside 
and removing the bitumen; or by boilyjg with 
water, which causes the bitumen to run out in 
the melted state; or by the aotion of hydro¬ 
chloric acid, which dissolves the calcium car¬ 
bonate and leaves the asphalt; or with oil of 
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turpentine, whioh dissolves out the bitumen. 
Murrie (J. Soc. Chem. Ind. 3, 182) describes the 
methods used in Italy for the extraction of 
bitumen from crude asphalt. 

The Val de Travers asphalt contains about 
20 p.c. bitumen, and it only requires the 
addition of 6 to 8 p.c. of mineral or coal tar to 
convert it into a plastic, workablo mastic of good 
quality for pavements and hydraulic works. 

The modem method of laying down asphalt 
pavement is to first prepare a foundation of con¬ 
crete the surfaco of which is carefully flattened. 
On this ev&n surfaco, when thoroughly dry, the 
melted asphalt is spread with a wooden trowel, 
and the surface is finally smoothed over. The 
liquid Val de Travers, Limmer’s, and Barnett’s 
asphalts used for this purpose are all mixed 
with grit or sand, and so present rougher surfaces 
than those pavings which consist of asphalt 
alone. Brando (D. R. P. 4993,1878) mixes ground 
slag with the asphalt instead of sand. 

Another method of paving is to break up the 
bituminous ore, and heat the fragments till 
they crumble to powder. A layer of tliis hot 
powder, from 16 to 20 inchos thick, is laid on 
the dry concreto and comprossed by stamping 
with hot irons. 

Artificial asphalt , or gas-tar asphalt, is a 
mixture of chalk, sand, or limestone with the 
thick, pitchy residue obtained by evaporating 
the more volatile portions of gas tar. The 
mineral substance must be heated to expel 
moisture and adhering *air, and then added to! 
the strongly heated pitch. 

In addition to the use of asphalt for pavo- j 
ments, water-tight tanks, and coatings for iron i 
tubes used for conveying gas or water, &c., it is 
usod in photography, in photo-lithography, and 
photo-engraving, owing to the asphalt becom¬ 
ing insolublo in turpentine after exposuro to! 
lignt. In the latter case copper plates are 
covered with a thin coating of pure asphaltum, 
or bitumen of Judaea, dissolved in benzene or 
chloroform. When dry, the piafco is exposed 
behind a film to bright sunlight for half an 
hour, and then developed by first softening the, 
soluble portion of the asphaltum with olive oil, 
to which subsequently a little turpentine is 
added. As soon as the lines are bare the turpen¬ 
tine and oil must bo washed away by the action 
of water. 

For'the preparation of American supplies of 
asphalt from petroleum, see Day (Min. and Eng. 
World, 1913; J. Soc. Chem. Ind. 1913, 32, 
mi). I 

Methods for preparing asphalt for paving 
and other purposes are described by Dagusan 1 
(D. R. P. 4999, 1878 ; Dingl. poly. J. 232, 547); ! 
Kalilbetzer (D. R. P. 5646, 1878); Zadig and, 
Neuberg (D. R. P. 5678, 1878; Dingl. poly. J. 
233, 490); Clark (Eng. Pat. 8036, 1884 ; J. Soc. 
Chem. Ind. 5,183); Kettmann (Eng. Pat. 12425, j 
18B4; J. Soc. Chem. Ind. 4, 675); Richter 
(Siefenseid Zeit. 23, 272 ; J. Soc. Chem. Ind. 
2, 474). 

On the effect of sulphur in producing hard 
bitumen, see Brooks and Humphrey (J. Soc. 1 
Chem. Jnd. 1917, 997). On the effect of 
exposure air on different bitumens, see Reevo 
and Lewis {idem. 998). 

Native asphalt can be distinguished from 
artificial asphalt by extracting wdth carbon di¬ 


sulphide, filtering, evaporating to dryness, and 
heating the residue till it can be ground to a 
fine powder; 0T grain is treated with 5 c.c. of 
fuming sulphuric acid for 24 hours, and is then 
mixed, with continuous Stirring, with 10 c.c. of 
water. If pitch or coal tar bo present, the solu¬ 
tion will be of a dark-brown or blackish tint; if 
not, the solution will be of a light-yellow colour 
(v. Pitch).' 

For the detection of petroleum- or coal tar 
pitch in natural asphalt, see Marcusson (Chem. 
Rov. Fett u. Harz-lnd. 1911, 18, 47; J. Soc. 
Chem. Ind. 1911, 30, 480; Zeitsch. angew. 
Chem. 1913, 26, 91 ; J. Soc. Chora. Ind. 1913, 
32, 223); Pailler (J. Ind. Eng. Chem. 1914, 6, 
286); Loebell (Chora. Zeit. 1914,18 ; Marcusson, 
ibid. 1914, 38, 813, 822). 

ASPHODEL. Tho tuberous roots of Aspho- 
dble de Sardaigne , of Asptwl(ius r<im.osus (Linn.), 
and other species of the same genus, contain a 
fermentable substanco from which alcohol may 
be prepar^ (of. Riviere and Bailkache, Compt. 
rend. 1895, 121, 659). By drying and coarsely 
grinding the tubers, Landerer obtained a powder 
winch, mixed with water, formed a strong glue. 
Badoil and Lienders obtain tannin from the 
pulp left after the extraction of the alcohol. 

ASPIDIN, ASPIDINOL r. Filix-mas. 

ASPIDOSAMINE, ASPIDOSPERMATINE, 
and*' ASPIDOSPEP.MINE v. Quebbacho al¬ 
kaloids. 

ASPIRATORS. Aspirators are used to draw 
air or other gases through any apparatus con¬ 
nected with them, and were probably first 
oraployed by Brunner in his analyses of air, 
1830-1840 (Pogg. Ann. 20, 274; 24, 569; 
31, 1). The process of aspiration or inhaling 
of air is, however, most common, being necessary 
to tho life of animals and to the ventilation 
of buildings, mines, &c., to change the air so 
that it may support life. In otner analyses 
of air by Dumas and Boussingault, an exhausted 
globe or jar was used as an aspirator (1841, 
Ann. (’him. Phys. [3] lii. 257). When a vessol 
ie emptied of liquid, air must enter to take its 
place, and the common aspirator, in its various 
forms, is a vessel with two openings, the lower 
to serve as outlet for tho water or liquid, and 
the upper as inlet for the air or gas to be aspirated. 
With suitable fittings a siphon may be used 
instead of the lower opening, or the apparatus 
may be modified into a bell-jar standing over a 
basin or large jar, tho air being drawn in through 
the neck of the bell - jar. ThU is Mohr’s aspirator, 
which is sometimes poised like a gasholder to 
facilitate filling and emptying of the bell-jar 
(Mohr, Lehrbuch, der Titrirmethode, 1855, 
Brunswick). 

From their introduction, aspirators were used 
not only to draw in gases through apparatus and 
reagents employed, at a regulated rate, but also 
to measure the gases so manipulated by simply 
measuring or weighing the liquid run out of the 
aspirator. For approximate readings aspirators 
of glass may be graduated, and those of metal 
may be provided with gauge glasses. 

Numerous forms of tne simple aspirator have 
been invented by Brunner, Regnault, Mohr, and 
others. Fig. I is perhaps the form in most fre¬ 
quent use, and is generally of glass, plain or 

t raduated. Fie. 2 is a vory convenient form, 
escrihed by Clemens Winkler (Industrie-Qase, 
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1877, 39-41) constructed of zinc plate and 
supported on a wooden tripod. The second tap 



Fia. 1. Fia. 2. 


below, on the Bide tube, is useful in filling the 
aspirator with water. Fig. 3 is the form often 
used in testing the gases from chemical works. 
It is simply a cubical or rectangular box made 
of sheet lead, with a graduated gauge glass, and 
can be opened at a to fill it*wilh watoj. 

Double aspirators. In short opWitions the! 
simple aspirator requires no refilling nor special j 
attention after the tups are adjusted. To obviate 
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the inoonvenienee of stopping to change or refill; 
that would be necessary in longer operations, 
Brunner, Boisgiraud, Dancer, Muencke, and l 
others have contrived double aspirators so con¬ 
nected that each vessel is alternately above and 
below, and one or other always ready for use. 
The aspirating bottles may be mounted on a 
common axis as in Danoer’s swivel aspirator 
Fig. 4 (Chem. News, 1864, 10, 295). These swivel 
aspirators are very convenient, but the difference 
of water-level in the two bottles is not under the 



Fia. 5. Fiq. 6 . 


control of the operator and varies between the 
height of one bottle and a very small minimum. 

Figs. 5 and 6 Bhow an arrangement devised 
by the author, which has certain advantages. 
The bottles a and b are connected as shown, 
being raised and lowered alternately, pio four- 
wav tap c (shown larger in Fig. 6 ) ha^ its index 
i turned towards the upper bottle in aspirating 
ailll towards Die lower bottle in blowing. It is 
made from a good gas tap by boring up the 
centre of the plug at f, leading but the hole at 
a. A small piece of metal h is then fitted and 
soldered diagonally where the hole* cross, a 
piece of tubing k soldered on to the socket of 
the tap, and an index I above the plug. 

Paraffin wax is used to adjust tho bottles for 
exact measurement, and to obtain a fine adjust¬ 
ment below at d, as well as above, by a mark on 
the neck of the bottlo. Tho proper quantity qj 
melted wax is run through a wide tube into the 
warm bottle slightly tilted. A passage from the 
tubulure to d at tho side of the bottle is secured 
by pushing nn mdiarubbcr tube through the 
tubulure and fixing it in Clio proper position 
before the wax is run in, and after the wax is 
quito solid this tube is drawn out. The passage 
should be curved, so that on emptying the* bottle 
of waf er the water runs out to the murk at d. 
The bottles are then adjusted by weighing their 
content of water between the marks and adding 
or removing paraffin till at the standard 
teraperaturo and pressure they hold the exact 
quantity of water corresponding to the volume 
required. In successive weighings of bottles so 
adjusted tho differences should not exceed 
(M gram. To avoid loosening of the wax from 
direct contact with tho glass, the bottles should 
be preserved from changes of temperature and 
from mechanical vibration, &c. 

Constant or automatic aspirators. Instru¬ 
ments of this class have been invented by 
Guthrie (Phil. Mag. [4] 15, 04) and by Bonny 
(Winkler’s Technical Gas Analysis, trails, by 
Lunge, 17). In each of them a pipe from the 
water supply leads a constant stream of water 
into a vessel, which, when fuff, is emptied by a 
siphon, whose tube is of larger size than the 
supply pipe. The arrangement thus acts on 
the principle of the intermittent siphon, and 
the vessel is filled and emptied at regular 
intervals. In Bonny’s instrument these are 
registered by a simple mechanism, and the total 
volume passed is known on measuring the 
volume passed in one operation. 

The Sprengel and injector pumps may be 
used as constant aspirators (t>. Filter tumps). 
j By means of a collecting box attached below the 
pumps to allow the gas and water to escape at 
j different lovels, the gas may be measured by 
assmg it through a small gas meter (Davis, 

. Soc. Chem. Ind. 211). 

J. Grossman (Winkler’s Industrie-Case, 
218) has invented a small mercurial aspirator, 
on the principle of the Goisaler pump, with two 
reservoirs, which are alternately raised and 
lowered. It is fitted with registering apparatus. 

In testing air and gases f»m confined places, 
works, &c., Angus Smith, Davis, and others 
have used small pear-shaped aspiratora«of india- 
rubber. These are emptied hy simply squeezing 
in the hand. The air escapes by a valve, of 
which the simplest is a small slit in the rubber 
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connecting tube, opening outwards like a 
Bunsen’s valve. The rubber recovering its form 
draws a certain volume of gas through,the test¬ 
ing apparatus, and it is easy to ascertain approxi¬ 
mately the total volume of gas corresponding 
to any given number of times the aspirator 
has been fcjled. Another larger aspirator of this 
class is of bellows form, like a concertina, the 
folding part being of indiarubber. This aspi¬ 
rator is frequently used for filling by displace¬ 
ment jars or bottles with gas to be tested. The 
common single-barrel air pump or apparatus, 
on the same principle, is also applied in this 
manner as an aspirator. 

At the British Association Belfast meeting, 
1874, the late Prof. Andrews showed how an 
ordinary wet gas meter could be converted into 
an aspirator by applying motivo power to the 
hollow axis of the drum, thereby causing it to 
gifbk in air at the inlet sido and at the same time 
to measure the air on tho meter index. Using 
mercury as liquid in a cast-iron meter, a similar 
arrangement forms the basis of the Barr and 
Stroud air pump applied in the evacuation of 
bulbs for electric lighting lamps (J. Soc. Chem. 
Ind. 1896, 640; Eng. Pat. 13188, July, 1895). 

T. F. 

ASPIRIN. Trade name for acetyl salioylio 
aoid C 6 H 4 (COOH)0'CO'OH„ used as an anti- 
rheumatio, and in the treatment of headaches, 
feverish colds, &c. Is hydrolysed in the intes¬ 
tine forming sodium salicylate. 

ASPIROPHEN. Trade name for amino 
acotphenetidc acotyl salicylate 

ASQUIRROL. Trade name for mercury 
dimethoxide. 

ASSAYING. Assaying, ‘ the trial of metals,’ 
a term originally applied only to the tosting of 
gold and silver, is now usually extended to the 
determination of the quantity of the valuable 
metal in an ore or metallurgical product. It is 
*also sometimes taken to include the estimation 
of any clement which may prejudicially affect 
the value of the ore, but it is more usual to 
discuss this together with such work as the 
complete analysis of ores, slags, furnace materials, 
fuel, &c., under the heading of ‘ metallurgical 
analysis.’ A brief account of some of these 
seotions is given below. 

Tho art of assaying is of great antiquity. 
The use of the touchstone for testing gold in 
India “was referred to by Mathuranatha (Hist, 
of Hindu Chemistry, by Ray, ii. 231), and was 
probably known in tho Greek world at least 
as early as b.c. 700, when the first eleotrum or 
gold-silver coins were manufactured. At any 
rate the touchstone found its way into Greek 
mythology. The testing of gold alloys by 
cementation was described by Pliny, by Strabo, 
and in the eighth century a.d. by tho Arabian 
Geber, who was also familiar with the method 
of cupellation, and is reputed to have discovered 
nitric acid. The parting assay of gold with the 
aid of this acid is referred to in a decree of 
Philippe de Valois in the year 1343, confirming 
its use in the French Mint. Alloys of silver 
with copper were tested by observing the degree 
of blackening caused by heat in the Roman 
Mint unde£ the Republio (Roohon, Essaia sur 
les Mommies, 17, 1792). 

It is probable that ores were not valued 
except by inspection until the Middle Ages. 


The first clear references to ore-assayins are 
to be found in the anonymous little cooks 
entitled Probierbiichlein, which were published 
in Germany early in tho sixteenth century, and 
in the writings of Biringuccio, Agricola, and 
Ercker in the same century, but the art was 
evidently regarded by these authors as already 
ancient at the time at which they wrote. Ercker, 
writing at Frankfort in 1580, describes the 
fire-assays not only of several different kinds of 
gold and silver ores, but also of the ores of 
copper, lead, tin, antimony, iron, mercury, and 
bismuth. Assaying by means of ‘ wet methods,’ 
volumetric, gravimetric, ami electrolytic, is of 
comparatively recent introduction (excepting 
the parting assay of gold), but has now in great 
part superseded the ancient processes involving 
tho use of furnaces. 

Sampling .—Whether the material to be 
assayed is a portion of a vein underground, a 
heap of broken ore, pigs of metal, or a delicate 
piece of jewellery, in every case a representative 
sample mul be obtained. In the case of ore 
m situ underground, pieces are taken from a 
number of different points and either mixed or 
examined separately. Oro which can bo moved 
is reduced in bulk either by hand or by machinery, 
and is generally crushed finer between each 
successive reduction in bulk. Every second, 
fifth fc tonth, or twqjitieth shovelful or car-load 
may be set aside as a sample, or the whole heap 
may be made into a perfect cone, which is 
flattened and divided into four quarters along 
two diameters. Two opposite quarters are 
removed and mixed, and the process of ‘ coning 
and quartering ’ repeated as often as necessary. 
A heap or vat of ore or tailings, which must 
be sampled without being inovod, is pierced at 
regularly spaced intervals by a sampling tube 
which resembles a cheese-taster, and withdraws 
a cylindrical sample extending to the bottom 
of tho vat or heap. 

in automatic sampling machines, which 
are much used in Western America, the crushed 
oro is made to slide down an inclined plane or 
rotating cone, and a portion of the stream of 
ore is deflected and set aside as a sample. Those 
machines are preferred which momentarily 
take the whole stream of ore at regular intervals 
of time. A stream of pulp is sampled by the 
passage through it from side to side or from top 
to bottom, at regular intervals of time, of a 
receptacle which is large enough not to overflow 
while the sample is being intercepted. The 
pulp samplo is then filtered and driea. Furthor 
reduction in the laboratory is effected by ooning 
and quartering or by a machino such as the 
riffle or sampling tin,' which consists of a series of 
motal troughs arranged side by side and fastened 
at equal distances from each other. A stream of 
ore let fall on it is in part retained by the troughs 
and in part passes through. 

The final grinding of the ore is effected by 
means of an iron pestle and mortar, or of a large 
hammer with a curved face sliding on an iron 
plate (or buckboard), or by spm® form of rolling 
or grinding mill. The crushed ore is passed 
through a sieve, the fineness of which varies 
according to the ore and the method of assay. 
If a panning test is required, a 20-mesh sieve 
(i.e. one with 20 holes to the linear inch) suffioes. 
For most fusions, e.g. dry lead assay, a 60-mesh 
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sieve is used. Gold ores are crushed through an 
80- or 100-mesh sieve, and in the case of tin ores 
and of telluride ores of gold, the best results are 
obtained by using 120-mesh sieves. Beforo it 
oan be passed through a fine sieve, tho ore 
must be dried, so that the moisture is determined 
on coarsely crushed ore by drying at 100* on 
a water-bath, or, if tho dry material is not likely 
to be affected in any way by a somewhat higher 
temperature, it is heated bn a sand-bath. In 
crushing rich gold and silver oros, mint sweep¬ 
ings, &c., pieces of metal are found which 
become flattened out and are caught on the 
sieve. These ‘ metallics ’ are treated separately, 
and the value calculated on the weight of ore 
from which they were derived. 

The dried and crushed sample is thoroughly 
mixed by means of a spatula in a basin, or on 
rubber-cloth, before the portion required for 
assay is weighed out. If stored in a bottle or 
tin, the movement of the vessel causes the heavy 
particles to settle, so that the material at tho 
bottom becomes richer than that at the top. 

Ingots of metal are sampled by cuts taken 
from the corners or edges, as in the case of 
refined gold and silver, or by drillings from a 
number of different spots, as is sometimes done 
in the case of iron and steel and of unrefined 
gold and silvei Pigs of argentiferous lead are 
sometimes sampled by drillings or saw ^uts. 
Base geld and silver ingots, and in many cases 
ingots of steel and pigs cf lead, are melted and 
stirred, and a portion dipped out and granulated 
by pouring into water, or cast into a little ingot. 
Coins arc sampled m various ways, silver corns 
being seldom uniform in composition. The 
simplest method applicable to all is to roll them 
out and cut them into a largo number of little 
pieces, so that all parts of the coin may be 
represented m die portion taken for assay. This 
method is adopted in the Philadelphia Mint, 
but is not in general use, other more complicated 
methods being preferred. Gold and silver wares 
are usually pickled, and are richer on tho surface 
than in the interior. In sampling them, it is 
accordingly necessary to remove the outside by 
scraping and then to scrape off a portion of metaJ 
for assa\. 

The preliminary examinational oros includes 
oareful inspection, which is all the more useful 
if some comparatively large pieces are included 
in the sample. The proximate constituents, 
such as quartz, pyrites, magnetite, galena, &c., 
are thus observed, and the proportions in which 
they aro proser.t roughly estimated, this informa¬ 
tion being required ,n making-up furnace charges. 
Frequently a concentration test is made in a 
miner’s pan (a flat-bottomed sheet-iron pan 
about 20 inches in diameter, and 3 or 4 inches 
deep, with sloping slides) or ft vanning shovel, or 
in anv basin, pan, or even clock-glass available. 
For this purpose a portion of 25 grams or more 
is weighed out, stirred and shaken with water 
by a oircular motion on the shovei, and the 
lighter particles rinsed away and caught in a 
basin. Finally by a combination of the circular 
motion, and a series of jerks, the denser particles 
are thrown up and the lighter ones washed 
down the shovel. The concentrates are ex¬ 
amined with a lens or separated, dried, and 
weighed, or treated with acid, or examined 
by means of the blowpipe, or in other ways, in 
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order to determine the presence or absence of 
elements likely to interfere with the method 
of assay chosen. The vanning shovel is used 
particularly with tin ores, but may be applied 
to any others. Panning tests are especially 
useful in the examination of gold ores, but are 
also required to determine tho nature of the 
‘ mineral * or compounds of tho heavy metals 
in almost all ores. The test may be applied 
to half a gram of ore in a watch-glass, if no more 
can be spared. 

The furnaces used by aasayers are the muffle 
furnace, and the melting or wind-furnace. 



Fio 1. 

The muffle furnace consists of a small oven or 
muffle of refractory fireclay open at the front, 
and having an arched top. ,It is heated by 
coal, coke, oil, gas, or electricity. Muffles 
vary in size according to tho amount of work, 
to be done, but those used at the Royal Mint may 
be considered full size. Sectional views of one 
of these furnaces aro shown in Figs. 1 and 2. 
The muffle a is 14J inches l§ng, 8J inches wide, 
and 5 inches high, inside measurements, with 
walls about f inch thiok. Tho mouth is dosed 
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by the firebrick b and by a sliding plate resting 
on b. Air enters through boles in the sliding 
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plate and passes out at (he back through the 
tube c, which has a sliding damper ana leads 
into the main flue. The fuel is ordinary gas, 
supplied by a row of bunsen burners d, and 
complete combustion of the gas may be aided 
by clay fireballs surrounding the muffle. The 
Hues e b caVry off the waste gases. The fur¬ 
nace walls consist of firebrick bound with 
iron and covered with a thick layer of mag¬ 
nesia and asbestos to check radiation. No 
chimney stack or forced draught is required for 
this furnaoe. 

A melting furnace adapted for the use of 
coke as fuel and suitable to make fusions in 


assay operations, is shown in section in Fig. 3, 
in whicn a is the fireplace, b the flue, c the 
ashpit, D the damper, and e the fiiedoor. The 
most usef ul si/e of 
th% fireplace is 
about 9 inches 
square, and about 
10 inches in depth 
from the firebars 
to the flue. 'The 
furnace is built of 
brick and lined 
with firebrick. It 
iB bound with 
angle iron or 
covered with iron 
plates bolted 
together and fur¬ 
nished with tie 
rods. Gas-melting 
furnaoes with 
natural draught 


liJ 




"Aw 

• A is 


Fia. 3. 

or using a blast of air are less common. Fluxing 
crucibles cofisist of fireclay or, in the assay of 
galena, of wrought i ron - They are of different 
sizes and shapes, the best-known being the 
Battersea (round, Cornish, and triangle). 
French, Hessian, and Colorado crucibles, the 
last-named being used for making fusions in the 
muffle, a common practice in America. Most 
crucibles require careful annealing before being 
used. Roasting dishes made of fireclay are, 
for the roasting of ores; fireclay scorifying 
dishes or scorifiers are used in the* process of 
scorification ; cupels of various shapes and sizes 
are made of compressed bone-ash or magnesia, 
and are required in the assay of the precious 
metals. The bone-ash cupels may be made by 
the assayer t and must be carefully dried before 
use. Magnesia cupels are usually bought 
ready-made. 

The reacjcnis used in fire assay may be 
classed as fluxes, agents for reducing, oxidising, 
sulphurising, and desulphurising, and covers to 
protect the contents of the crucible from the 
action of the air, furnace gases, &c. Generally 
speaking, an ore consists of compounds of a 
heavy, metal or metals (the mineral), together 
with a quantity of earthy materials, such as 
quartz, silicates, &c. (the gangue). It is re¬ 
quired to reduce the valuable constituent to 
metallic form, and to incorporate the remainder 
of the ore in a fusible slag, through which the 
particles of metal may settle to the bottom, 
where thej ^collect in the form of a button. 
Sometimes a regulus or matte (sulphide of a 
heavy metal) or a speise (arsenide of a heavy 
metal) forms a separate layer between the metal 


and the slag, and a cover, say, of common salt, 
may be provided which is lighter than silicate 
slags and floats on the tep. On breaking open 
a cold crucible in which a fusion has been 
made, there are, therefore, frequently four 
layers. 

The principal fluxes used are sodium car¬ 
bonate, which forms fusible mixtures with acid 
(siliceous) ores, and also acts as a desulphuriser, 
converting pyrites into a mixture of sulphides of 
iron and sodium which does not form a regulus, 
but is dispersed through the slag. Carbonate 
of soda is now generally used in the anhydrous 
form, Na a (’0 3 , but the bicarbonate, which gives 
up half its carbonic*acid without fusion is also 
suitable. Soda crystals give up their water of 
crystallisation with ebullition, and are not 
suitable unless previously dried. Basic ores 
require borax, which forms fusible mixtures 
with oxides of iron, lime, &c.; and increases the 
fluidity of most charges. Crystallised borax 
powder on heating swells up enormously, gives 
up its water and fuses into a glass. The swelling 
may occasion loss in the assay if the crucible is 
too full. To avoid this, borax glass may be 
used, which is oqmvaleni to about double its 
weight of ordinary borax. Litharge is a useful 
flux, especially for oxides of iron, copper, &c., 
but attacks and corrodes the crucibles. Fluor¬ 
spar lfsometimes usef), especially for phosphates. 
Sand is often required to protect the crucible 
from attack by basic ores. 

The reducing agents are carbon (charcoal 
powder or lampblack), flour, tartar or argol 
(crude hydrogen potassium tartrate), and 
occasionally potassium cyanide. One part of 
charcoal is about equal to two parts of flour 
or five of tartar, but tartar also acts as a flux, 
being converted by heat into carbon and 
potassium carbonate. Black flux is a reducing 
mixture made by deflagrating one part of nitre 
with two and a half parts of argol. 

The chief oxidising agents, which are also 
desulphurisers, are hot air, litharge or red lead, 
and nitre. Iron is often used as a desulphurising 
agent. Tim ordinary materials used as covers 
ar© borax and common salt. 

The balances and uevjhts do not differ, as a 
rule, from those used in ordinary chemical 
analysis, the most notable exbeption being in 
the case of those used in the assay of gold and 
silver. The proportion of these metals present 
in ores is reported in troy ounces, penny weights* 
and grains per ton, or sometimes in ounces and 
docimals or in pennyweights and decimals. 
The weight of ore takon for assay accordingly 
contains as many milligrams as thero are ounces 
I troy in a ton (29,16(1 in a ton of 2000 lbB., and 
32,666 in a ton of 2240 lbs.). This weight of 
29T66 grams is called an assay-ton (or A.T.), 
and boxes of weights made up of assay-tons and 
decimals are used by many assayers. Then 
the gold extracted from the sample of ore is 
weighed in milligrams, and can be reported 
without calculation. In the assay of gold 
bullion the weights commonly range from 
‘1000’ downwards, where 1000=0-5 gram or 
some other unit suoh as 6 grains. Much 
tedious calculation is avoided by thus mark¬ 
ing the weights so that their faoe-vhlue 
gives at once the result of the assay. Again, 
m assaying silver by preoipitation as chloride 
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(India Mint method, see p. 419), since 18-815 
grains of pure silver are contained in 25 grains 
of chloride, it follows ihat if 18-815 grains of 
an alloy be always taken for assay, and the 
resulting chloride be weighed out with a series 
of weights the largest of which is marked 1000, 
and is equal to 25 grains, and the others are 
marked correspondingly, then the subsidiary 
woights of this series will indicate the result of 
the assay without calculation. A similar senos 
can, ot course, be arranged for any special 
purpose. 

The balances used for weighing gold and silver 
in bullion assays are light and delicate, taking 
about 2 grams as their maximum of weight, 
and turning to ono hundredth of a milligram. 
Usually, ono division of the ivory scale is made 
equal to 0-05 mg. Balances for weighing 
the parted gold in ore assays are still more 
delicate. The maximum weight which they 
pan carry is only 1 gram or evon less, and they 
turn with one-hundredth'or in some cases only 
one five-hundredth of a milligram. Mdligram 
and half-milligram riders are used, but the 
final reading is always based on the deflection 
from the zero position of the pointer, measured 
by the number of divisions on the ivory scale 
covered by the swing. At the present day short 
beams of G inches, 4 inches, and even 8 cm. in 
length, are in use, so that She balances ar# very 
rapid in action in spite of their sensitiveness. 

In quantitative blowpipe work on gold and 
silver, it has beon found possible to dispense 
altogether with a delicate balance, and to use 
an ivory scale (Plattner’s scale), by which the 
diameter of tho bead of metal is accurately 
measured. Tho principle has been extended 
in the assay of poor materials, and heads of 
microscopio dimensions are placed on the stage 
of a microscope and measured by means of a 
micrometer eyepiece. In this way L. Wagoner 
(Trans. Am. Inst. Mining Eng. xxxi. 1901, 
798) obtained a close approximation to the 
weight of beads of silver of 0*02 mm. in diameter, 
which weighed about 0 00004 mg. 

The above summary has special reference to 
the requirements of a laboratory for making 
dry or fire assays. For wet assays, the apparatus 
and reagents are those of the ordinary analytical 
laboratory (v. Analysis). 

In all methods of assaying, wet or dry, 
time must be considered as well as accuracy. 
Jt is sometimes important to arrive at a result 
m the course of an hour or less, and some of 
tho methods described are intended for such 
emergencies, whet, extreme accuracy must bo 
sacrificed. It .is also necessary to observe 
that assay methods are intended to be com¬ 
parative, and wherever it is possible check assays 
on similar materials of known composition 
should be made side by side with the assays of 
ores or other bodies requiring examination, and 
a correction applied to the results. In the 
following pages, only methods in common use 
in assay offices are described. The methods 
of ordinary analysis are generally omitted oi 
made the subject of brief reference. 

Aluminium. There are no speoial methods 
of assaying the ores of this metal. The silicates 
are broken up, and the silica removed as 
usual, and the acid solution of the bases is 
treated so as to separate the metals contained 


in it. Aluminium is precipitated and weighed 
as phosphate A1P0 4 , or oxide Al a O,. It is 
sometutles weighed as oxide together with oxide 
of non Fe a O„ and also P a 0 5 , if these con¬ 
stituents are present in the ore. The last 
mentioned constituent is of course, combined 
as phosphate. The phosphorus alia iron are 
then determined, aluminium being estimated 
by difference (how’s Technical Methods of Ore 
Analysis, 1st ed. 22). 

Antimony. The antimony in ores may be 
determined by fusion with cyanide of potassium 
or w r ith iron (avoiding excess) and black flux, 
but the results are unsatisfactory. Tho sulphide 
of antimony in an ore may also be approxi¬ 
mately determined by charging 500 grams of 
ore broken to nut-sizo into a clay crucible with 
a perforated bottom. This crucible is fitted into 
another of about the same size, and tho j^jnt 
carefully luted. A cover is also luted on, and 
the whole is slowly raised to a red heat. The 
sulphide of antimony fusos and liquates into 
the lower crucible, from which it can bo detaohed 
when cold, and weighed. Tho fused sulphide 
of antimony, if pure, contains 717 p.o. of the 
metal. The valuation of antimony ( sulphide 
ores is usually effected, according to’ Bedford 
McNeill (Berengcr’.s Assaying, 11th ed. 226), 
by having recourse to the ordinary smolting 
operation, which is to be used in treating the 
ore on the large scale. Charges of about 20 kilos, 
of ore are used for the valuation. 

The wet methods of estimation of antimony 
in ore are far more accurate than those referred 
to above. Tho ore is fused with sulphur and 
sodium carbouato, and thon digested with 
water. A solution of an alkaline sulpho- 
compound of antimony is thus obtained, from 
which a mixture of antimony and arsenic sul¬ 
phides and froo sulphur is precipitated by the 
addition of dilute hydrochloric acid. Aft^r 
the arsenic has been separated, the antimony 
sulphido is weighed or is oxidised by fuming 
nitric acid, and weighed as Sb 2 0 4 . Ores may 
also be attacked by hydrochloric acid. The 
antimony in the separated sulphide may be 
estimated yolumetncally, dissolving the sul¬ 
phides m hydrochloric acid and chlorate of 
potash, warming to expel the chlorine, adding 
an excess of potassium iodide, and titrating 
with thiosulphate of soda (J. Soo. Chem. Ind. 
xv. 255). 

Arsenic. The determination of arsenio in 
oros and metallurgical products is usually made 
by Pearce’s method, which consists in fusing 
about 0-5 gram of the ore with 5 grams of a 
mixture of equal parts of sodium carbonate 
and nitre, dissolving out tho soluble arsenates of 
the alkalis and precipitating the arsenio in a 
neutral solution by means of silver nitrate. 
The precipitated brick-rod silver arsenate 
AgjAa0 4 is filtered off, dissolved in nitric acid, 
and the silver in it determined by Volhard’s 
thiocyanate method. The amount of arsenio 
present can thon be calculated (Low’s Ore Ana¬ 
lysis, 41). Small quantities of arsenic in metals 
and minerals may be separated by distillation 
with ferric chloride and calcium chloride in a 
hydrochloric acid solution, the distilldfi arsenious 
chloride being condensed in a vessel of cold water 
(Berenger’s Assaying, 384). (For arsenic in steel, 
see p. 417.) , 
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Bismuth, if present in an ore in the metallic 
state, may be determined by liquation, the 
mothod of procedure being similar to thtft used 
in liquating sulphide of antimony ( q.v .). The 
bismuth in an ore may also be determined by 
fusing it with fusion mixture, common salt, and 
cyanide of 'potassium. These methods are 
inexact, and bismuth is usually determined by 
being weighed as Bi 2 0 3 after precipitation as 
carbonate, or as BiOCl on a weighed filter or a 
Goooh crucible afler being dried at 100°. 
Bismuth in metallic lead is precipitated and 
weighod as BiOCl, and in metallic copper it 
is detected by the colour given to lead iodide. 
(For estimation of bismuth in copper, see 
p. 414.) 

Chromium occurs in chrome-iron ore and 
sometimes in other* iron ores, in pig-iron and 
in sjeol. Small quantities of chromium in iron 
ores, after separation from other metals and 
earths, are procipitated by lead acetate in an 
acetic acid solution, and weighed as PbCr0 4 , 
or, in the alternative, reducod by sulphurous 
acid and the chromium precipitated from the j 
green solution by moans of ammonia and 
weighed as Cr 2 0 3 . Chrome-iron ore is assayed j 
by a volumetric method based on the oxidation j 
of ferrous iron by chromium in the for Hi of i 
chromate. The chromium is oxidised by 
fusion with peroxide of sodium (J. Iron and 
Steel Inst, xlvui. 153). The ferrous iron is 
added in the form of a weighed amount of ferrous 
ammonium sulphate or of a weighed amount of 
metallic iron dissolved m sulphuric acid. The 
excess of ferrous iron prosent in the solution con¬ 
taining the chromium is titrated with per¬ 
manganate. Chromium in steel is precipitated 
and weighod as chromium phosphate (Chom. 
News, lvii. 1888, ,153), or as chromic oxide 
Cr,0,. 

• Cobalt. See Nickel, p. 418. 

Copper. The principal ores of copper are 
(a) native copper; (b) sulphide ores, copper 
pyrites or yellow ore, erubescite or purple ore, 
grey copper ore, &c.; (c) oxidised ores, malachite, 
silicate of copper, &c. The treatment of copper 
ores results in the production of copper matte 
or regulus containing from 30 to 50 p.c. of copper, 
and cement copper or copper precipitate, con¬ 
taining 70 p.c. or more of metallic copper. 
In addition to these materials, ordinary com¬ 
mercial standard oopper, refined copper, and 
the alloys of copper requiro to be assayed. 

The chief methods m use are as follows :— 

(1) Dry or Cornish assay, long used in con¬ 
nection with the sale of copper ores, but 
applicable chiefly to mattes and rich sulphide 
ores. It is especially unsatisfactory when 
dealing with poor ores, but gives low results in 
all oases, the loss, according to Beringer, ranging 
from 2 p.c. of the copper prosent in the rionest 
materials to 33 p.c. of the copper in 2 p.c. ore. 

It consists in fusing the calcined regulus for 
metallio copper and refining the copper. Rich 
oxidised ores are fused for metal at once. The 
amount of ore taken for assay is 400 grains, 
but with rich material only 200 grains or even 
100 grains are taken. The fluxes vary with the 
nature of tbe ore, in which there may bo too 
muoh sulphur and iron, as in copperpyrites, &c., 
or too little, as in grey copper. The following 
are examples of tbe charges :— 


, A. Copper pyrites B. Grey copper ore 

Gre . , . 2CHJ grains . 100 grains 

.Nitre . . 50 „ . _ 

Lime . . 200 •„ . 200 „ 

Fluorspar . . 200 „ . 200 „ 

Glass . . 150 „ . J50 „ 

Borax . . 150 „ . 150 „ 

! Haematito . . — . . 15-20 

Sulphur . . — . 25-30 ” 

| Argol . — 30 „ 

I Tho charge is fused in a ‘ large oopper ’ crucible 

j at a low red heat, which is gradually raised. 
After about 15 minutes tho chargo is poured into 
j a conical mould, and, as soon as the slag is 
solid, it is taken up by tongs, dipped into water, 
and allowed to dry. When treated in this way, 
the slag breaks up readily. The regulus is 
detached by a hammer and crushed to powder 
in an iron mortar. It should be reddish-brown 
in colour and contain about 50 p.c. of copper 
and 20 p.c. of iron. It is roasted in a Cornish 
cruciblo in tbe meiting’fumace or in a roasting 
dish in the muffle, at a low but increasing 
teinperaturo, with continuous stirring at first. 
When 1 sweet,’ i.e. not smelling of sulphur, at 
a full red heat, it is mixed with a little charcoal 
powder, and re-roasted to decompose sulphates. 
.It is then crushed again, if necessary, and fused 
in the same crucible with argol, borax, and 
sodiui* carbonate. • A high temperature is 
required, and the charge is poured in about 
15 minutes. The slag is detached and cleaned 
by a second fusion wiih moro argol and sodium 
carbonate. 'The ‘ coarso copper * obtained in this 
way is refined by being charged into a very hot 
crucible and melted. The impurities are 
oxidised by the air and form a ring of oxidos 
round an eyo of copper. Then refining flux, 
which consists of a deflagrated mixturo of nitre, 
argol, and common salt, is added, and 2 minutes 
| later the copper is poured, and if it is found 
j to be at ‘ tough pitoh,* it is weighed. The slag 
contains copper, and must be cleaned. (For 
full details of tho method, see 1 ercy’s Metallurgy, 
j i. 1801, 454-478.) 

j (2) Electrolytic assay of copper. The weight 
i of ore takon for assay depends on its richness, 

I a convenient amount of metallio cop{>er for 
electro-deposition being from 0*1 to 06 gram. 

1 When using this method or any of the other 
wet methods, the copper must first be brought 
i into solution and usually separated from other 
metals. Oxidised ores may require merely to 
be treated with hydrochlorio acid. Sulphide 
ores, mattes, copper precipitate, &o., are at¬ 
tacked by nitric acid, evaporated to dryness, 
and takon up by hydrochlorio acid. Copper 
slags are fused with sodium and potassium 
carbonate (fusion mixturo), and a little nitre, 
and are then digested with water and hydro¬ 
chlorio acid. The copper is precipitated from 
its hydrochloric acid solution by means of 
sulphuretted hydrogen or (after evaporation 
with sulphuric acid) by sodium thiosulphate, 
and the sulphides are filtered off and redissolved 
in nitric acid. The copper may also be separated 
from other metals bv adding sulphuric acid to 
the nitric or nitrohydrochlorio aoid solution and 
boiling off the volatile acids. The solution is 
cooled, diluted and filtered, and the oopper 
precipitated at a boiling temperature with 
aluminium foil For the electrolytio assay, the 
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solution obtained in one of these ways is diluted, 
•warmed, and filtered into a 200 o.o. flask, and 
•made up to about lOO^.o., of which from 2*5 to 
A P ; c. should be nitrio aoid. Platinum electrodes 
(spiral and weighed cone or cylinder) are then 
placed in position, and a current from two 
.baniell cells in series is passed through for j 
16 or 17 hours. The cylinder is removed from 
the colourless solution, washed with water and 
afterwards with alcohol, dried in a water-oven, 
and weighed. The copper precipitate should 
be salmon-red in colour. The solution still 
contains a little oopper, which is estimated 
colorimetrically, ammonia being added, and the 
colour, after filtration, compared with those of 
standard solutions containing known amounts 
of copper. Silver, mercury, bismuth, arsenic, 
and antimony interfere with the process, being 
deposited with the copper. Mercury, however, 
is separated on dissolving the sulphides in nitric 
acid. Bismuth turns the copper dark grey, but 
is not deposited until rflost of the copper has 
been thrown down. Arsenic and antimony 
darken the copper deposit, but may be driven 
off by heating to dull redness. Lead is de¬ 
posited at the anode as a dark-coloured coating 
of PbO # , and may be weighed in that form. The 
electrolytic assay is suitable for all, materials 
containing copper (cf. Electrolytic analysis). 

By rapidly rotating tli# cathode a cqjierent 
deposit can bo obtained even when a strong 
current of 10 .to 12 amperes per 100 sq. cms. ot 
cathodic area instead of the usual current of 
0*5 to 1 -0 ampere is used. The time required for 
the deposition of the copper may thus be 
shortened to a few minutes (Amer. J. Sci. 1903, 
xvii. 320, xviii. 56; J. Amer. Chem. Soc. xxv. 
896 ; Chem. Soc. Trans, xci. 373). 

(3) The volumetric assay of copper. There 
are two main processes—the potassium cyanide 
and the iodide methods. Both are in wide 
LBe in the assay of ores, alloys, &c. In pre- 
aring to use these methods, the copper is 
rought into solution, and may be separated 
from other metals, &c., as already described, 
with any further precautions necessary to 
remove special impurities. With ordinary 
pyritic ores, however, containing no zinc, Bilver, 
nickel, or cobalt, it is sufficient, in preparing 
for the cyanide process, to heat the ore gently 
with, concentrated nitric acid to which a little 
sulphuric acid has been added. It is then 
diluted, an excess of ammonia or of Na a C0 8 
added, the bulk made up to some convenient 
amount such as 300 c.c., and the solution titrated 
with potassium yanide. The blue solution is 
decolourised, and when overdone cVxanges to a 
straw-yellow colour. The results are affected 
by time, temperature, degree of dilution, and 
by the amounts of ammonia and of ammonium 
salts. The conditions of the check assays on 
pure copper and those on ores, &c., must 
therefore be identical, and ferric hydrate, for 
example, must be present cither m both or in 
neither. If, however, the solution is free from 
ammonia and ammonium salts, and is made 
alkaline with sodium carbonate, the effects of 
time, temperature and degree of dilution are 
much reduced, while ferric salts do not affect 
the result unless present in such amount as to 
mask the end reaction. The standard cyanide 
solution, which decomposes somewhat rapidly, 


#11 

contains about 42 grams KCy to the litre, and 
100 c.c. of this is equivalent to 1 gram of copper. 
The reaction, according to Beringer, is repre¬ 
sented by the equation: 

CuS0 4 +4KCy=2KCy-CuCy 1 +K t S0 4 . 

The quantity of copper usually present in an 
assay is about 0*5 gram. At the finish the effect 
of an addition of 0*5 c.c. of cyanide is readily 
observable. Zinc, silver, nickel, and cobalt 
interfere with the assay, and must be removed 
before titration. 

In the iodide method, the alloy or the sul¬ 
phide of copper separated from the ore is 
dissolved in nitric acid, evaporated almost to 
dryness in order to expel nitrous fumes, and 
diluted. Tho nitrous products may also be 
destroyed by urea. The solution is then filtered 
if neoessary, and carefully neutralised with 
sodium carbonate, avoiding excess. One c . 8 . of 
acetic acid is then added, which should be enough 
to redissolvo the precipitated copper. Next, 
after cooling the flask, an amount of about 
5 grams of potassium iodide crystals is added 
(or not less than ten times the weight of the 
copper present); the solution is diluted to a 
fixed amount, say 50 c.c.; and the*liberated 
iodine is at once titrated with a solution con¬ 
taining 39*18 grams sodium thiosulphate (equiva¬ 
lent to 10 grams of copper) to the litre. The 
reactions are represented by the equations: 

2CuS0 4 MKI=Cu 2 T a -h2I+2K 2 S(> 4 

2Na s S a O s +2l=2NaI |Na 2 S 4 0 6 . 

When tho yellow colour is almost discharged, 
2 c.c. of fresh starch solution is added, and the 
addition of the thiosulphate continued drop 
by drop until the blue colour disappears and 
does not return within 2 or 3 minutes. The 
effect of one drop or 0-05 c.c. of standard solu¬ 
tion, equivalent to 0*5 mg. copper, is observable. 
The solution is standardised with pure electro¬ 
lytic copper. Ferric acetate, arsenic, lead, and 
large quantities of sodium acetate may interfere 
with the titration. According to J. W. West¬ 
moreland (Beringer’s Assaying, 441), sodium 
acetate counteracts the interference of arsenic 
and bismuth, and the bad effect of large quanti¬ 
ties of sodium acetate is removed by doubling 
the amount of potassium iodide added. Iron, 5 
present, is precipitated by ammonium phosphate 
(J. Soc. Chem. Ind. v. 48). Instead of neutralising 
with sodium carbonate and acidifying with acetio 
acid, an addition of 20 c.c. of a saturated solution 
of zinc acetate may be made (A. H. Low). 
In order to dispense with the large quantities 
of expensive potassium iodide required in the 
ordinary method, Moir proposes (J. Chem. Met. 
and Mng. Soc. of S.A., vol. xviii., Nov. 1917, 
p. 133) to add a slight excess of sodium thio¬ 
sulphate to the usual very faintly acid solution of 
cupric acetate, and to titrate back with Nt 10- 
lodine, of which only a small quantity will be 
required. 

The colorimetric method of assaying copper 
is sometimes used in the case of very poor ores, 
or generally whenever the quantity of coppei 
present is small. Keferenco has been made to 
it above. • 

Examination of commercial copper. Electro¬ 
lytic and Lake copper are generally nearly pure, 
but some of the # metal sold contains as much ai 
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2 or 3 p.o. of impurities. The most im¬ 
portant of these are arsenic, lead, nickel, oxygen, 
and phosphorus; but antimony, bismuth* cobalt, 
gold, iron, selenium, silver, sulphur, and tellurium 
may also be present. The impurities to be 
looked for in copper which has passed a high 
conductivity test are mainly bismuth, selenium, 
and tellurium. Arsenic and phosphorus are 
separated as iron arsenate and phosphate 
mixed with acetate. Gold and antimony arc 
separated by dissolving the copper in nitric 
acid, and silver is precipitated as chloride or 
bromide from a nitric acid solution. It may 
be collected in a precipitate of lead sulphate 
Nickel is left in solution by precipitating copper 
electrolytically, or by sulphuretted hydrogen 
in an acid solution. Lead is detected by the 
blackening of the anode in the electrolytic 
assay, and is estimated as sulphate or chromate. 

*The methods of determining oxygen may be 
classified m two groups (J. Inst. Metals, vn. 1912, 
232):— 

1. The estimation of cuprous oxide. 

2. The estimation of total oxygen. 

In Hampe’s method (Zeitsch. anal. (’hem. 
xiii. 1874, 215) of estimating the amount of 
cuprous bxide in copper, the copper is dissolved 
in cold dilute Bilver nitrate solution free from 
acid. The equations are as follows:— 
'Cu+2AgN0 3 —Cu(N0 8 ) 2 +2Ag 
3Cu 0 O+OAgNO 3 +3H..O 

=20u(N() 3 ) a -| 2Cu a (H0) 8 N0 8 +fiAg 

The copper existing as 0u 2 0 is found by 
multiplying the copper in the precipitate by f. 
The results are satisfactory. 

Total oxygen is estimated by heating thin 
strips or bright turnings of copper to redness m a 
stream of hydrogen and weighing the water 
produced, or, better still, the residual copper. 
In the latter case, as mirrors of arsenic, antimony 
and bismuth may be formed, it is necessary to 
weigh the tube and copper together. 

Bismuth is separated, according to Beringer, 
by precipitation by sodium bicarbonate. After 
redissolving in sulphuric acid, it is boiled with 
sulphurous acid and potassium iodide, and the 
bismuth in the yellow solution estimated 
colorimetncally. Tellurium and selenium (J. 
Amer. Chem. Soc. xvii. 280) are precipitated as 
iron tellurite and selenite by additions of iron 
nitrate and ammonia. The precipitate is re- 
dissolved in HOI, tartaric acid and potash added, 
and a current of sulphuretted hydrogen passed. 
The selenium and tellurium arc subsequently 
precipitated by a current of sulphurous acid m a 
hydrochloric solution, and parted by boiling with 
potassium cyanide. 

Gold. Gold is generally in the metallic 
state in its ores, either in the form of grains, 
scales, pellets, &c., m loose alluvial gravels, or 
in various forms embedded in quartz or other 
gangae in veins. It is frequently associated 
with iron .pyrites, blende, &e., but the only 
native compounds are the tellurides. Besides 
these, the auriferous materials to be assayed 
comprise tailings or residues of ores after treat¬ 
ment, cornier bottoms, pig lead, unrefined 
bullion, which contains silver, copper, and other 
metals, fiile (t.e. refined) gold, and the commercial 
alloys used for coinage, plate, &c. The assay 
of gold ores and alloys is made with greater 


exactness than other assays, owing to the high 
value of the metal. 

A j panning assay, or concentration test is 
carried out as described on p. 409. The con¬ 
centrates consist of ‘ black sand ’ or oxides of 
iron, titanium, &c., sulphides and arsenides, 
and sometimes grains of platinum. Free gold 
I is sometimes visible, and is collected by grinding 
m a mortar with mercury, panning out the 
amalgam, and recovering the gold by distilling 
I off the mercury or dissolving it in nitric acid, 
i In either case the gold must be parted from the 
silver as described on p. 41(5. The panning 
assay ot alluvial gold deposits is usually reported 
: m grams of fine gold per cubic yard, which 
weighs about 3000 lbs., or 1£ short tons. In 
the panning assay, from 00 to 90 p.c. of the 
gold in the oro is usually recovered. 

Ordinary gold ores aro assayed by (1) the 
fusion or crucible method, or (2) the scorification 
method. In the crucible assay, the ore, crushed 
through an 80-mesh of finer Bieve, is mixed with 
lithurgo or red lead, charcoal, or argol, and the 
necessary fluxes, and, fused m the melting furnace 
or, as m Western America, in the muffle. The 
amount of ore taken is usually 1 A.T. (assay- 
ton, see p. 410), but is sometimes only 4 A.T., 
and, in the oase of poor tailings in which there 
are only a few grains of gold per ton, as much as 
12 A;i\ is taken and fused m several charges, 
the gold being finally collected into one lead 
button. The fluxes vary with the nature of 
the ore. The following are typical charges 
subject to very large variations to meet special 
cases:— 


— 

A. SillciouB ore 
(grey or white 
with a little 
pyrites, Ac.) 

B. Basic 
oxidised 
ore (red or 
brown) 

C. Pyritic 
ore 

Ore . . ! 

Litharge or 

1 A.T. 

1 A.T. 

1 A.T. 

red load 

1 „ 

i 

1 „ 

Charcoal . 
Sodm m 

1*2-1 *5 grams j 

2-0 grams 

0-1 gram 

carbonate 

IJ A.T. 

25 „ 

I A.T. 

Borax 

5-10 grams 

10 „ 

10 grams 


Sand is added to B and C if necessary for the 
protection of the crucible from corrosion. The 
borax is usually not mixed with the,charge, 
but is added as a cover or charged in after the 
fusion has begun. The charge is well mixed 
and put into a cold crucible, which it must not 
make more than two-thirds full, and pieces of 
hoop iron or two or three tenpenny nails are 
embedded in the fixture. The crucible is 
gradually heated, a red heat beginning to appear 
after about 10 minutes, and a dull red heat not 
being attained for 30 minutes or more. Tranquil 
fusion results in 40 or 50 minutes from the time 
of charging in. The pot is then lifted out of 
the furnace, the nails removed, and the charge 
poured into a conical mould -or allowed* to cool 
in the pot, which is afterwards broken. When 
cool, the lead button is detached from tho<Blag 
by hammering.* 'The button should weigh at 
least 25 grams. If less than this amount of 
i lead is reduced, a fre. h charge is made up oon- 
I tabling more charcoal, and any change is made 
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in the fluxes which may seem desirabje from the 
appearanoe of the slag. If the lead is hard or 
brittle, owing to the presence of impurities, it is 
usually scorified, sometimes with the addition 
of fresh load, before boing cupelled, as other¬ 
wise the loss of gold is increased. 

The slag will contain gold and a fortiori 
silver if the conditions during fusion are favour¬ 
able to oxidation of the metals. For thi3 reason 
it is bettor to reduce almost all the litharge 
than to leave some of it in the slag, and the 
more roadily oxidised metals—iron, manganese, 
&c.—must be reduced to their lowest oxides, 
ferrous oxide, &c. Practically all the copper, 
nickel, and other readily reducible metals will 
then be in the lead button. In the case of ores 
containing much copper, this is a disadvantage, 
entailing loss of gold in cupellation, and the 
copper may be removed from the ore by treat¬ 
ment with acid before fusion (with some loss of 
silver) or large quantities of litharge (6 A.T. of 
PbO to 1 A T. of ore) may bo addod, and only 
a small part of it reduced. In the latter case 
the slag contains gold and silver, and is cleaned 
by a second fusion, with the reduction ot more \ 
lead. A similar method of fluxing is used for • 
tellurido ores, an excess of litharge in the slag ; 
preventing tellurium from entering the lead 1 
button. Antimonial and arsenical gold ores ( 
are sometimes roasted wifcfi coal-dust ii^a re- ' 
ducing atmosphere, in order to remove the | 
antimony or arsenie as a sulphide before fusion, j 
An alternative method is to fuse with much 
litharge ard enough nitre to oxidise the antimony j 
with the formation of antimoniates. Sulphides 
may be roasted in air before fusion. 

The lead button, rounded by hammering, is | 
placed on a hot cupel in the muffle {see p. 40.)), \ 
which is kept at a full red heat. The lead melts 
and oxidises, and the litharge and other oxides 
are absorbed by the cupel, the gold and silver 
being left as a bead (or ‘ prill ’) on the surface. 
If the bead is largo and contains much silver, it 
must be co«*l“d gradually to prevent it from 
4 spitting ’ on solidification, by which part of the 
metals might be loBt. The bead is cleaned, 
weighed, flattened, and parted by dissolution in 
boiling nitric acid in a porcelain crucible or test- 
tube. If less than two parts of silver are present 
to one of gold, the metals are not parted com¬ 
pletely, silver being left in the gold, and it is 
convenient to have a greater proportion of silver 
present. It is, therefore, often necessary to 
melt tho bead with more silver, the proportion 
varying with the size of the bead, as follows : — 
Weight of gold Silver required for parting 

10 milligrams 40 milligrams 

1 „ A 

0-2 „ or less 2 „ 

A little extra silver is permissible, but if too 
much silver is present, there is a tendency for 
the gold to break up into very fine particles, 
which are difficult to wash without loss. The 
separation of these minute particles is avoided 
by dropping the bead Into boiling acid, sp.gr. 1-2, 
when the parting will be completed in a few 
seconds. The parted gold is washed free from 
silver nitrate, &c., and is made firm and co¬ 
herent for weighing by being annealed at a red 
heat. (For weights, balances, &c., see p. 410.) 
The silver is estimated by difference. The 
litharge, fluxes, &c., must be tested for silver 


and gold by running blank charges without 
ore. 

In scorif cation about OT or 0*2 A.T. of ore is 
mixed with 30 or 40 grams of granulated lead, 
and transferred to a dry scorifier. The charge is 
covered by a similar amount of granulated lead, 
and from 0*5 to 1 gram of borax is sprinkled on 
last. The scorifying dish is then charged into a 
muffle, which has been raised to a temperature 
of 1000°-1100®, or considerably above that 
required for cupellation, and the muffle is closed. 
As soon as the charge is melted down, the muffle 
is opened. The lead now oxidises, and the 
litharge, forming a ring of slag round the 
scorifier, oxidises the sulphides, &c., and slags 
off the earthy materials in the ore. As oxidation 
proceeds, the litharge encroaches on the ‘ eye ’ 
of metal, and at length covers it over. A pinoh 
of charcoal powder is then added in tissue paper, 
and when the fusion is again tranquil, the charge 
is poured into a mould, and the slag detached. 
The lead is cupelled, and the assay finished as 
before. 

In cupellation some gold and silver is carried 
into the cupel with the litharge, especially if 
tellurium, selenium, copper, &c., are present. 
Tho gold and silver are usually recovered by 
fusing the crushed cupel with litharge, charooal, 
sodium carbonate, borax, and fluorspar, and 
cupelling the button of lead (see Lodge’s Notes 
on Assaying, 112-169). 

Assay of gold bullion and alloys . A piece of 
the metal to be examined is adjusted by cutting 
and filing to correspond in weight, with a standard 
weight marked 4 1000,’ which varies with differ¬ 
ent assayers between 5 and 10 grains, but is 
usually 0 5 gram. To the assay piece is added a 
piece of silver (free from gold) equal in weight to 
21 times (at the Royal Mint 2T times) that of 
the gold estimated to be present in the alloy, 
which, if not already known, can be ascertained 
by a rough preliminary assay or by the touch¬ 
stone (see p. Tho whole is wrapped in 

sheet lead, the weight of which depends mainly 
on tho amount of copper to be removed, and 
; varies from 8 to 32 times the weight of metal 
, taken for assay. The lead paokets are then * 
: transferred by means of tongs to cupels already 
raisod to a bright rod heat in the muffle, the 
current of air through the muffle is carefully 
regulated and the heat maintained. In from 
10 to 20 minutes, a rapid passage of brilliant 
iridescent bands of colour over the surface of 
the button is observed to take place, and the 
buttons then appear to become colder, no longer 
glowing brightly with the oxidation of the lead. 

A few minutes later the muffle is closed to allow 
the buttons to set without loss by spitting. If 
j copper is present in the assay pieces, however, 

: this is not to be feared, and the charge can be 
drawn while the buttons arc still molten. At 
the Royal Mint a charge consists of 72 assay 
pieces, which are charged in simultaneously by 
moans of a divided metal tray with a sliding 
bottom and withdrawn simultaneously while 
still molten by means of a tray made of a 
mixture of graphite and clay, on whioh the 
cupels are placed. The buttons aTe cleaned by 
brushing, flattened on an anvil, annealed in the 
muffle or before a blowpipe, and reduced to a 
1 thickness of about 0 2 mm. by passage through 
a small pair of fjatting rolls. The 4 fillets ’ are 
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again annealed and roiled into a spiral or * comet 
by the finger and thimb. 

The parting in nitric acid is effected either 
in glass parting flasks or in a platinum boiling 
apparatus. If parting flasks are used, an 
amount o£ about 2 oz. of nitric acid of sp.gr. 1-2 
is heated in the flask almost to boiling, and the 
comet is then dropped in and boiled until 2 or 3 
minutes after the red fumes have disappeared. 
The acid is then poured off, and the gold, after 
being washed twice with boiling water, is boiled 
for a further 15 minutes with nitric acid of 
sp.gr. 1*2 dr stronger. The acid must be free 
from silver, chlorine, &c. 

The gold is again washed, and is th*»n trans¬ 
ferred to a porous crucible or ‘ anneal.ng cup* 
by filling the flask with water, placing the cup 
over its mouth, and inverting it. The gold falls 
in$p tho cup, and the flask is removed without 
agitating the water in the cup. The gold is 
then dried, annealed by heating to redness, and 
weighed. If no more than three parts of silver 
are present to one of gold, the comet does not 
break up; and if enough is known previously 
of the composition of the bullion to make sure 
of this j,n the cupelled button, a platinum, tray, 
containing a number of little platinum cups may 
be used. A comet is placed in each cup, and 
the whole tray is immersed in nitric acid, and 
subsequently washed by dipping in and out of 
hot water. Less acid is used per assay piece 
by this method, and the boiling is more pro¬ 
longed, 30 minutes in each of two acids of ap.gr. 
I’23 being used at the Royal Mint. 

In each batch of assays, two or more check 
assays on pure gold are made to determine the 
‘ surcharge * or net sum of the losses of gold and 
the gain in weight due to the retention of silver. 
With alloys hoik'd separately in flasks, check 
assays are of comparatively little value (see 
•Rose’s Metallurgy of Gold, 5th ed. 470-498). 

Alloys of gold and silver If the alloy con¬ 
tains enough silver to be parted by nitric acid, 
no difficulty arises. The silver is dissolved, 
precipitated by hydrochloric acid, and weighed 
either as chloride or as metal. If the silver is 
deficient in quantity, the alloy is melted with 
two and a half times its weight of oadmium under 
a cover of potassium cyanido and parted with 
nitric acid. The silver is precipitated and 
weighed as chloride, or determined volumetri- 
calJy in solution by means of sulphocyanide. 
Sometimes the silver is determined by difference, 
tho alloys being cupelled and weighed, and subse¬ 
quently cupelled again with the addition of 
silver, and parted. 

(For alloys containing gold and platinum, see 
p. 418.) 

Assay by the touchstone. This ancient 
method consists in comparing the colour of the 
streak produced by a sample of gold of unknown 
composition on a black surface with those from 
a mes of alloys of known compositions, after 
all have been treated alike with nitric acid. 
Any abrading surface on which the acid is 
without aotion can be employed for this purpose. 

Iridium occurs alloyed with platinum, and 
finds its way into gold bullion. In the latter 
case, it ^found with the gold cornet obtained 
in the bullion assay, adhering in the form of 
black scales or powder to that side of the gold 
which was originally nearest 4 to the cupel. It 


can be estimated by dissolving the gold in aqua 
regia, the iridium remaining undissolved. 

Iron. The dry assay of iron, made by 
fusing ores with fluxes in oarbon-lined (brasqued) 
crucibles, is obsolete, and need not be described. 
The wet methods are volumetric, based on the 
oxidation of iron from the ferrous to the ferric 
state or on the converse reduction. Either the 
bichromate or the permanganate method is 
generally used to determine the total amount 
of iron m ores or the amount of iron present, in 
the ferrous condition. The stannous chloride 
method is used for measuring the amount of 
iron present in the ferric state in an ore. 

For the determination of the total amount 
ol iron, the ore is passed through an 80-mesh 
sieve, and attacked by acids as usual. Most 
ores are oxides, carbonates, &c., and the iron in 
them is easily dissolved by hydrochloric acid. 

Titaniferous oros are fused with acid potas¬ 
sium sulphate and dissolved in water and 
hydrochloric acid. K nitric acid is present in 
the acid solution, it is destroyed by evaporating 
to dryness with hydrochloric acid and taking 
up with hydrochloric acid and water, and the 
iron is then reduced by zinc, which gives a 
stream of hydrogen or (if titanium is present) by 
crystals of sodium sulphite in a neutral or slightly 
acid solution. As soon as the solution is colour¬ 
less, {.ho excess of zi*ic is removed, or the sodium 
sulphite decomposed by boiling with hydro¬ 
chloric acid, and titration is carried out in a 
porcelain basin by means of a solution prepared 
by weighing out 4’39 grams of potassium bichro¬ 
mate to the litro, equivalent to 6 grams of iron 
according to tho equation : 

6FcCl a +K 3 Cr.,0 7 +14HC1 

~3Fe 2 Cl # +0 2 Q 4 -f 2Kd-f 7HjO. 

Potassium ferricyanide (0*1 p.c. solution, 
freshly prepared) is used as an indicator, a drop 
from the assay solution being mixed with a drop 
j of the test solution on a white glazed tile, from 
time to time. Tho end-point is reached when a 
colour is no longer produced. Tho solution of 
bichromate is standardised by moans of piano 
wire, which contains about 0-4 p.c. of impurities. 

The permanganate method is carried out in 
a sulphuric acid solution, the equation being : 
10FeS0 4 +K 2 Mn 2 0 8 +8H 2 S0 4 

—5Fe 2 (S0 4 ) 3 -f-2MnS0 4 +K a S0 4 -f 8H 2 0. 

The standard solution is prepared by weighing 
out 2-82 grams of potassium permanganate per 
litre, which is equivalent to 5 grams of iron. 
The end reaction, the appearance of a pinkish 
tinge in tho solution in the flask, is very sharp. 

When the amount of ferrous iron only in the 
ore is required, the ore is dissolved in hydro¬ 
chloric or sulphuric acid with exclusion of air. 
Tho ferric iron may be determined by difference, 
or, as a check, tho stannous chloride method 
may be used, in which the yellow solution of 
ferric iron in hydrochloric acid is decolourised. 
Tho standard solution (20 grams of commercial 
stannous chlorido per litre, acidulated with 
hydrochloric acid) is run into a boiling-hot 
solution of iron, and is standardised by moans 
of a solution of ferric chloride free from nitrio 
aoid. , 

Analysis of iron and steel. The elements 
requiring estimation are carbon (graphite, com¬ 
bined carbon and total carbon), silicon, man- 
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$anese, sulphur, phosphorus, arsenic, an<3, in 
ipecial steels, chromium, nickel, tungsten, 
molybdenum, vanadium, &c. The total carbon 
is estimated by combustion, usually after 
removal of the iron by a cupric salt. The 
graphite is estimated by combustion of the 
residue after dissolving the iron in hydroohlorio j 
acid, by which the combined carbon is removed 
in combination with the hydrogen evolved, 
or more advantageously in nitric acid, by which 
the combined carbon is oxidised and retained in 
solution. The combined carbon is determined by 
the colour of a nitric acid solution compared with 
the colour of certain standard solutions con¬ 
taining known amounts of carbon. Silicon is 
weighed as silica after dissolution of the iron 
by acids or iodine. Sulphur is weighed as 
barium sulphate, after the iron has been dis¬ 
solved in aqua regia , or it is evolvod as sul¬ 
phuretted hydrogen, which is absorbed by 
caustic soda, and decomposed by a standard 
solution of iodine. The excess of iodine is | 
estimated bv sodium thiosulphate. 

Manganese is separated by precipitation with 
bromine in an aramomacal solution after removal 
of the iron as basic acetate. The precipitated , 
bvdrated peroxide is heated strongly in a muffle 
and weighed as Mn s 0 4 . There is also a colori¬ 
metric estimation, the steel being dissolved in 
nitric acid and the solution boiled with ]pad 
peroxide. The colour of the permanganate 
produced is compared with those of. standard 
solutions. Phosphorus is precipitated by ammo¬ 
nium molybdate or magnesia mixture. Arsenic 
is separated by precipitation as sulphide m an 
acid solution, converted into arsenic acid and 
determined by precipitation by magnesia mixture. 

(For the determination of the metals in 
special steels, see under the headings Chromium , 
Nickel, &.c. For full details of the analysis of 
iron and steol and also of the complete anal) sis 
of iron ores, see J3lair’s Chemical Analysis of 
Iron, Campredon’s Guide Pratique du Chimiste 
M4tallurgiste et do l’Essayeur, 438-034, and 
Brearloyand 1 bbotson’s Analysis of Steel Works 
Materials.) 

Lead. Both dry and wet methods of assay 
are used. The dry assay is only applicable to 
rich ores and to concentrates, and even with 
these is less accurate than the wet methods. 
The ore is crushed through a 60-mesh sieve, 
mixed with sodium carbonate and argol, and 
fused in a wrought-iron crucible or in a clay pot 
with hoop-iron. Galena is roduoed by the iron, 
and any oxides, sulphates, &o., of lead are 
reduced by the argol. Borax is sometimes 
added as a oover. The following are examples 
of the oharges recommended by Percy;— 

2. Any 

1. Rich galena, esp. 3. Phoa- 4. Perus- 
galena poor ores phate ore site 
Ore . • 500 grs. 500 grs. 300 grs. 500 grs. 

Sodium car¬ 
bonate . 500 „ 

Argol (tartar) 50 „ 

Borax . , • — 

The iron crucible is made red hot, cleaned, and 
allowed to oool. The charge is them, transferred 
to it, care being taken to avoid low by dusting, 
and the borax, or, if none is used, part of the 
sodium carbonate ft added as a oover. A day 
lid is also placed on the crucible. The charge 
Vol. I.— T, 


350 „ 

.350 „ 

600 

100 „ 

100 „ 

100 

150 „ 

30 „ 

30 


is slowly heated for about 20 minutes, and is 
then pourod into a mould, provided that all 
signs of offorvescence have disappeared, and the 
mixture is seen to be in a state of tranquil 
fusion. The lead is found at the bottom. It 
is detached from the slag with a hammer, arid is 
cleaned and weighed. The slag is examined for 
lead beads before being thrown away. Clay 
crucibles are used for phosphate and carbonate 
ores. 

When the ore contains arsenic, a speise is 
formed which is found adhering to the upper 
surface of the lead, below the slag. It must 
be removed with great care to avoid loss of lead. 
The lend should be soft and malleable. The 
silver and gold in the ore are determined by 
cupellation and parting [see p. 415). The 
method gives results with pure ores which are 
about 1 or 2 p.c. too low. When the ege 
contains antimony, bismuth, copper, &o., these 
metals are in part reduced with the lead, and 
are weighed with it. If the lead button is 
hard, it is necossary to estimate tho lead in it 
by woighing it as lead sulphate or otherwise, or 
to adopt wet methods of assaying the ore. 

(For details of tho dry assay of lead, see 
Percy’s Metallurgy of Lead, 103-110.) * 

In tho wet methods, oxidised ores are 
attacked by hydrochloric acid, followed by 
nitrio acid, if necessary. Sulphide ores are 
treated direct with nitric acid. The lead is 
determined eithor as sulphate or volumetrically, 
by means of ammonium molybdate (Alexander’* 
method). In the latter method (Eng. and Mng. 

J. April 1, 1893, 298), the mixture of nitrio 
acid and ore is evaporated with sulphuric acid, 
diluted, boiled, and filtered. The lead sulphate 
in the residue is dissolved in hot ammonium 
acetate, acidified with acetic, acid, raised to 
boiling, and titrated with a standard solution of 
ammonium molybdate, containing, according to • 
Low, 4-25 grams per litre. The solution is 
standardised with pure lead foil. Tannin is 
used as an indicator, giving a yellow colour to 
a drop of the solution ou a white glazed tile 
when the ammonium molybdate is in excess. 

If iron and calcium are present, it is better to 
separate the lead as sulphide and redissolve 
before titration (Low’s Oro Analysis, 113). 

Lead may also be determined in a feebly 
acid solution by adding an excess of potassium 
ohromato and estimating the amount of exoeas 
by means of a standard solution of ferrous 
chloride. Tho reaction is the same as in the 
bichromate assay of iron, but in this case the 
end is marked by the appearance of a green 
colour in the test drops on the plate (Beringer’s 
Assaying, 214). 

Manganese occurs as MnO, in pyrolusite. 
Spiegeloisen, ferromanganese, and steel are also 
assayed for manganese. Either the ferrous 
sulphate assay or Volhard’a volumetric prooess 
is generally used. In the latter method *Ahe 
manganese is precipitated by potassium per¬ 
manganate in a boiling neutral solution. The 
precipitate, as far as numbers are concerned, is 
represented by the equation : 

K i Mn,0 l +3MnS0 4 -{ 2H.0 _ 

=K,s0 4 +5Mn0 1 -b2H 1 S0 4 

About one gram of the ore or spiegeleisen 
4 is dissolved in hydrochloric and nitrio acids, 

2 £ 
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heated with sulphuric acid, and neutralised by 
the addition of an emulsion of zinc oxide in 
slight excess. All the iron is precipitated, and, 
after violently shaking the mixture, it is made 
up to 500 o.c., allowed to settle, and 100 c.c. of 
the clear* supernatant liquid is drawn off, heated 
to boiling, and titrated. The end point is 
marked by the appearance of a pinkish tinge. 
(For the estimation of manganese in steel, sec 
P 417.) 

Mercury. The wet methods of assay are not 
satisfactory, and one of the distillation methods 
is usually employed. When a large percentage 
of meroury is present, a combustion tube of 
18-20 inches long is used. It is sealed at one 
end and magnesite powder placed in it first, to 
a depth of 3 or 4 inches. Next a layer of 2 
inches of unslaked lime is added and then 5 or 10 
grams of ore well mixed in a mortar w it-h 10 grams 
of lime. The mortar is cleaned with moro lime 
and the rinsings added to the tube and covered 
with clean lime to a depth of 3 or 4 inches. 
Finally, a loosely fitting plug of asbestos is 
inserted and the unoccupied portion of the tubo 
is drawn out almost to a point and bent over 
at right angles, care being taken that no hollow 
in tho glass is formed which might collect some 
of the mercury. Tho tube is placed in position 
in a combustion furnace and tapped until the 
mixture settles and leaves a free passage for 
gases throughout its length. Tho narrow opon- 
ing is made to dip into a beaker of water, and 
the tube is heated, beginning with the asbestos 
plug and finishing with the magnesite, which 
yields enough carbon dioxide to sweep out the 
vapours of mercury. The time required for 
heating iB about 3(i minutes. While the tube 
is still red hot throughout its length, its end is 
cut off and di;oppod into the beaker. The 
mercury collects in the water, and is dried by 
blotting-paper and then in a desiccator and 
weighed in a porcelain crucible. 

When only small quantities of mercury are 
resent, Eschka’s method is used (Dingl. poly. 

. cciv. 74), in which the mercury is condensed 
on a weighed pieoe of gold. This is in the 
form of a basm made of thin sheet gold, 
usod as the cover of a porcelain crucible and 
filled with water to keep it cool. The basin 
projects beyond tl*> rim of the crucible, and 
usuallj weighs about 10 grams. From 0 2 to 2*0 
grams of ore is mixed with 1-4 grams of iron 
filings, and heated in the crucible for 10 or 20 
minutes, the flame being kept from heating the 
upper part. This may be done by fitting the 
crucible into a hole in a piece of sheet asbestos. 
The gold basin is then dried without the agency 
of heat, and' weighed, the inorease of weight 
representing tho meroury. 

Molybdenum in ores is estimated by pre¬ 
cipitation as mercurous molybdate in a very 
•lightly alkaline or neutral solution by means of 
raafcourous nitrate. The precipitate is ignited 
in a porcelain crucible, either alone or with 
litharge, until the mercury is expelled. The 
increase in the weight of the crucible is taken 
os MoO,, but if ohromium, vanadium, tungsten, 
phosphorus, or arsenic is present in the ore, the 
ignited ifroOg must be purified by further treat¬ 
ment of separated before precipitation.' Moly¬ 
bdenum in steel is precipitated as ammonium 
phoepho-molybdate. • 


Nickel and cobalt occur together in ores, the 
former more comraonly and in greater proportion 
than the latter. They are usually assayed 
together. In the fire assay, the ore is roasted 
sweet and then fused with arsenio to form a 
speise. This is heated in air on a little clay dish 
in tho muffle, and the metals oxidised succes¬ 
sively, iron passing into the slag first, cobalt 
next, and then nickel, copper being loft until 
last. The changes m colour of the borax slag 
show the progress of the assay. The slag is 
coloured brown while iron is passing into it, blue 
by cobalt, ehorry-brown by nickel, and blue by 
copper. Gold is added to the speise after the 
elimination of cobalt if copper is present. The 
speise is weighed after each metal has been 
removed. Tho slag must be frequently ex¬ 
amined and renewed, and great care and ex¬ 
perience are noodod to attain oven approximate 
results. 

Tho method is easier to carry out if copper 
is absent, and this metal is sometimes removed 
by precipitation with sulphurettod hydrogen in 
an acid solution before the speise is formod. If 
cobalt is absont, a weighed amount may bo addod, 
as otherwise it is difficult to observe the point at 
wliich nickel bogins to pass into the slag after the 
removal of the iron. The arsenides in tho 
speise have the formulae Fe. 2 As, Co,As, Ni 2 As, 
and«-Cu,As (Rhcad & Sexton’s Assaying, 187). 

In the wot methods it is usual to roast the 
ore as a preliminary in order to remove the 
arsenic, sulphur, &c., and then to separate 
the nickel and cobalt from the iron, manganese, 
zinc, &o., by suitable methods. The nickel is 
precipitated as hydrato and weighed as NiO. 
Cobalt is often included in tho nickel, but is 
separated if present in largo quantities. A 
volumetric method depends on tho interference 
by nickel in the titration of cyanide with a 
standard solution of silver nitrate. An alkaline 
solution containing caustic soda is used, and a 
little potassium iodide added as an indicator. 
An excess of a standard solution of potassium 
cyanide is addod to a solution of nickel sulphato 
made alkaline (and precipitated) by caustic 
soda. The excess of cyanide is titrated by a 
standard solution of silver nitrato (Boringer’a 
Assaying, 255). The reactions aro represented 
by the equations: 

4KCy+NiS0 4 =K 2 NiCy 4 -fK a S0 4 . 

2KOy -f AgN0 4 =KAgCy a + KNO,. 

Nickel and cobalt are also sometimes esti¬ 
mated by electrolysis, and for this purpose must 
be separated from zinc and other metals, dis¬ 
solved in nitric acid, and precipitated in an 
arnmomacal solution. 

Nickel is separated from cobalt by precipi¬ 
tation with dimethylglyoxime, and may be 
estimated in that way. (See Analysis.) 

Nickel in steel is precipitated by bromine 
water and caustic soda, after removal of the 
iron as basic acetate. It is weighed as NiO. 

Platinum in alluvial deposits is concentrated 
by panning, as in the case of auriferous sands. 
In all cases platinum can be colleoted in lead 
by the same methods as those described under 
the assay of 4 gold ores. Tho lead buttons are 
sometimes cupelled at a very high temperature, 
but it is difficult to remove the whole of the lead 
in this way, as the ‘prill ’ freezes on the cupel 
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when only part of the lead has been oxidised, 
unlos* a weighed amount of gold or silver is 
added in order to produce an alloy of lower 
melting point than pure platinum. 

Cupellation may be finished in the oxygen-gas 
blowpipe flame, but the loss of platinum is then 
large. It is more usual to dissolve the lead 
button in dilute nitiic acid and to filter off the 
latinum and gold residue, which is parted by 
issolying in aqua regia, and precipitating the 
old with oxalic acid. The platinum is estimated 
y difference or by precipitation as (NH 4 ) a PtCl 6 . 

Platinum in alloys or m rich alluvial con¬ 
centrates may be estimated by melting with 
six parts of pure lead, and grinding in a mortar 
the brittle alloy freed from slag. Portions of 
the alloy are scorified with fiesh lead and 
dissolved in nitric acid. 

Alloys containing gold, silver, and platinum 
are difficult to assay, as they are msolublo in 
aqua regia. The method, adopted is first to 
cupel the alloy to remove copper, &c., these 
metals being estimated bv difference. The 
alloy is then mquarted by cupellation with twice 
its weight of sdvor and' parted by boiling in 
sulphuric acid. The residue contains the gold 
and platinum. These may bo parted by again 
inquarting with silver and dissolving in nitric 
acid, provided that the amount of gold present 
is at least ten times that or the platinum? If 
the proportion of gold present is less than this, 
part of the ph.tn.um remains undissolved, and 
it is therefore necessary to add gold in many 
cases. The parted gold is weighed and the 
platinum estimated bv difference (6 6me Rapport 
des Monnaies, If 01, p. xxix ; Rose's Precious 
Metals, 272). 

Silver. The ores of silver are assayed in the 
same way as those of gold of a similar kind, 
the seorification method being used -far more 
frequently than in the case of ^old ores. The 
slags and cupels must be examined usually, as 
silver is more readily lost than gold. The tem¬ 
perature of cupellation is kept as low as possible, 
to check the loss of silver by volatilisation (see 
Lodge’s Notes on Assaying, 37-111). 

Silver bullion and alloys are assayed by 
cupellation, by tho Gay Lussac or the Volhard 
volumetric processes, or by weighing the chloride 
(India Mint method). In cupellation, the 
‘ base 1 or oxidisable metals are removed in tho 
muffle, and the silver prill is cloaned and weighed. 
The weight of silver taken is usually 10 grains. 
The amount of lead required varies from six 
times the weight of the silver for alloys of high 
standard to twelve times for silver 700 fine. 
The method is not suitable for alloys containing 
less than 70 p.c. of silver. The muffle is kept 
at a lower temperature than that required for 
gold cupellation, but must be raised to above tho 
melting-point of pure silver (962°) at the finish, 
to prevent tho metal from setting in the furnace 
before all the lead has been removed. When 
the oupellation is complete, tho mouth of the 
furnace is closed w : th great care to exclude 
draughts, and the furnace is allowed to cool 
slowly to prevent loss of silver by spitting. The 
solidified prills are cleaned and^weighed. Tho 
loss of silver in cupellation varies* from 5 to 15 
parts per 1000, and check assays on pure silver 
are placed in all parts of the furnace to measure 
this loss. Any gold that may be present is 


weighed as silver. The process is very ancient, 
and clear reference is made to it in oonneotion 
with a trial of the Pyx in the Black Book of the 
Exchequer, written in the reign of Henry II. 

In the Gay Lussac process, the volume is 
measured of a standard solution of* common 
salt or sodium bromide required for thb pre¬ 
cipitation of a little more than a gram of silver 
in solution as nitrate. No indicator is used, and 
the end of the operation is judged from the 
appearance of a faint cloud of chloride in a 
solution from which almost all the silver has 
been precipitated. It is the mo*st accurate 
method of assaying silver bullion. The standard 
solution of common salt (usually called tho 
‘ normal solution ’) contains about 5-410 grams 
of NaCl per litre, so that 100 c.c. will precipitate 
1 gram of silver. A weight of silver bullion con¬ 
taining about 1-003 gram of silver is weig Wed 
and dissolved in nitric aeid, and 100 c.c. of the 
salt solution added to it from a pipette. The 
chloride is agglomerated by a shaking in a 
stoppered bottle, and the clear supernatant 
liquid is tested by ‘ decinormal * solutions of 
common salt and, if necessary, of silv. r 
nitrate. The appear&nce of tho cloud pf silver 
chloride shows tho amount of silver left in so¬ 
lution. Further shakings aro resorted to if 
required, and the final reading Is taken after 
waiting for about 5 or 10 minutes. Check 
assays on fine silver are used with every batch 
to test the strength of the solution, which varies 
with the temperature, &c. Mercury interferes 
with the method, and is detected by the colour 
of tho precipitated silver chloride, which doe* 
not darken if mercury is present. Acetate of 
soda corrects the error if the quantity of meroury 
present is small. The Gay Lussac method can 
be used only in cases where‘the approximate 
assay is already known (Percy’s Silver and Gold, 
282; Riche et Forest, L’Art de l’Essayeur, 183).* 

In the India Mint method, the sdver alloy 
is dissolved in nitric acid and precipitated by 
a slight excess of hydrochloric acid. The silver 
chloride is then collected by*shaking in a stop¬ 
pered bottle, and, after boing washed, is trans¬ 
ferred to a porous cup, dried, and weighed while 
warm. Tho chloride is washed by decantation, 
but the drying is tedious, and is expedited by 
breaking up the crust witt a glass rod. Any 
gold that may be present is weighed as silver 
chloride. This is the be6.t method for alloys con¬ 
taining less than 70 p.c. of silver (Trans. Inst. 
Mng. & Met. xvii. 334). 

The Volhard method is largely used in this 
country. Tho nitrio acid solution of the silver 
is freed from nitrous acid by boiling, and ia then 
diluted and titrated with a solution containing 
7-04 grama of ammonium thiocyanate per litre. 
As this salt is deliquescent, it is usual to weigh 
out about 7-3 grams per litre. Iron alum is 
used as an indicator, giving a red colour when 
all the silver has been precipitated. Time is 
saved and the accuraoy of the method increased 
by taking for assay an amount of alloy contain¬ 
ing about 1-003 gram of silver, and running in 
100 c.c. of the standard solution of thiocyanate 
from a pipette. After shaking the ^quid in a 
flask, the titration is finished by adding the 
thiocyanate a drop or two at a time. Check 
assays on fine silver are used (Trans, lust. Mng, 
& Met. xvi. 154). * 
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Tin. Tin ore is concentrated on a vanning 
shovel with the production of ‘black tin* in 
order to determine what yield may be fcxpeeted 
when the ore is treated on the dressing floors. 
The ore is crushed and sampled, and about 
30 gram&*(or less with rich ores) are thoroughly 
mixed with 30 or 40 c.c. of water on the vanning 
shovel, to prevent, as far as possible, the loss of 
‘ float tin? The ore is then collected by a 
vigorous circular motion of the water, and the 
slimes are poured off, a process which is repeated 
until the water remains clear after being left 
to settle for a few seconds. A smaller quantity 
of water is used for the subsequent operations. 
By means of a circular motion of the shovel, 
combined with a series of jerks, the tin oxide is 
now separated from the lighter material, which 
is carried down by the descending wave. The 
takings are sometimes saved and washed over 
again until they yield no more tin, and are then 
crushed by rubbing with a hammer and again 
washed. The concentrates are dnod and 
roasted and dressed once more after being rubbed 
down with a hammer. Sometimes they are 
washed quite clean from worthless material, 
and sometimes left impure with oxide of iron, 
&c., according to the nature of the ore and the 
custom of the operator. Sometimes they are 
purified by boiling in hydrochloric acid or aqua 
regia , which, according to J. H. Collins, causes a 
loss of tin. The residue is usually reported in 
pounds of black tin to the long ton of ore. 
The lossos of cassitcrite in vanning vary con¬ 
siderably, and may be reckoned as 30 to 40 p.c. 

The black tin obtained by vanning may be 
assayed for metallic tin by reduction with 
anthracite (Cornish method) or by fusion with 
potassium cyanide. In the Cornish method 
100 grams of tinstone are heated with 20 grams 
of anthracite in a plumbago crucible at a white 
• heat for 15 or 20 minutes before pouring. The 
excess of anthracite contains beads of tin, which 
are separated by sieving and vanning. In the 
cyanide process, 10 grams of tinstone are fused 
with 40 grams of impure cyanide (containing 
potassium carbonate), and poured at a red heat. 
The German process consists in reducing a 
mixture of 5 grams each of tinstone and cupric 
oxide with 15 grams of black flux (a mixture of 
carbon and potassium carbonate, obtained by 
heating tartar) and 1-25 grams of borax with a 
cover of common salt. The reduced metal is 
compared in weight with that of the copper 
reduced from tfupric oxide alone. The most 
trustworthy of these methods is the fusion with 
cyanide. The reduced tin, however obtained, 
is usually impuro (Beringer’e Assaying and Kerl’s 
MetaUurgische Probirkunst). 

Tin is also estimated volumetcically. A 
satisfactory method described by Beringer 
(Text-Book of Assaying, 11th ed. 286) iB to 
reduce the solution of stannic chloride to stan¬ 
nous ohloride by means of nickel foil, and to 
titrate with a standard solution of iodine in an 
atmosphere of carbonio acid ga». Starch is 
used as an indicator. In all wet methods, tin 
oxide muet be reduoed to metallic tin before it 
can be dissolved. Beringer prefers reduction 
by mearrll of zinc vapour acting on ore mixed 
with oxide of zinc. The alloy of zinc and tin 
thus produced is dissolved in hydrochloric acid, 
to which crystals of permanganate are added, 


In Pearce’s method (Bow’s Technioal Analysis. 
261) the ore is fused with caustic soda and 
charcoal powder, and the mass dissolved in 
hydrochloric acid; the reduction of the stannio 
to stannous chloride is then effected with iron 
rods. 

Titanium in ores is generally in the form of 
titanic oxide, which is insoluble in acids. Tita- 
nates, however, are somewhat soluble, so that 
on attacking ores with acid, titanium will bo 
found partly in the residue and partly in the 
solution. The metals of the iron group with 
titanium arc precipitated from the solution as 
basic acetates, which are fused with potassium 
bisulphate and extracted with water. The 
titanic acid is precipitated from the solution 
by means of prolonged boiling with sulphurous 
acid. The residue left by the attack on the 
original ore with acids is similarly treated, after 
the silica has been removed by heating with 
sulphuric and hydrotjuoric acids (Bermger’s 
Assaying, 293). 

Tungsten in wolfram, steel, Ac., is estimated 
by weighing as tungstic acid WO,. The ore is 
boiled with hydrochloric acid followed by aqua 
regia, when the tungsten separates as insoluble 
yellow tungstic acid. After thorough washing, 
this is dissolved m ammonia, filtered, and re¬ 


covered by evaporating the solution to dryness, 
anckgcntly igniting the residue to decompose the 
ammonium tungstate. Nearly pure tungstic 
acid remains. Any silica that may be present 
may be removed by hydrofiuoiic acid. The 
tungstio acid may also be precipitated from 
solution by neutralising with nitric acid and 
adding a solution of mercurous nitrate 
(Bennger’s Assaying, 13th ed. p. 297 d.). In 
attacking ores with acid, some WO, is dissolved 
in the presence of fluorides, arsenic or phosphorus, 
but this is corrected by the addition of cin¬ 
chonine. The *ores may be attacked by fusion 
with caustic soda and sodium peroxide, or by 
digesting with soda solution instead of by 
boiling with acid (Hutclun and Tonks, J. Inst. 


Mng. and Met. 18, 1909, 425). 

Uranium. The mineral is evaporated with 
nitric acid and taken up with HC1. After 
separation of the other metals as sulphides and 
carbonates, the uranium is precipitated by 
ammonia and weighed as U,0„ or it is pre¬ 
cipitated by microcosmic salt in the presence 
of acetic aoid and ammonium acetate. The 
precipitate consists of ammonium uranyl 
phosphate UO^H^O. which is washed, 
ignited gently and weighed or converted into 
uranyl pyrophosphate (UO t ),P,0 7 , for greater 
accuracy (Low’s Technical Ore Analysis, 201). 
This precipitation is also the basis of a volu- 
metrio method, a boiling solution of uranium 
being titrated with a standard solution of 
phosphate, until ferrocyanide no longer gives a 
brown colour. 

Vanadium in steel is estimated by titrating 
with potassium permanganate. The steel is 
dissolved in HC1 and evaporated to dryness with 
a little nitric acid. The residue is fused with 
nitrt and fusion mixture, boiled in water and 
filtered, and the filtrate evaporated with H,S0 4 , 
reduced by sulphur dioxide and titrated. One 
atom of iron is equivalent to one of vanadium 
in the titration (Rhead and Sexton’s Assaying, 
270). 



ASSAYING. 


Zinc. The old dry method of assay of ores 
based on the loss of weight due to the volatilisa¬ 
tion of zinc at a white heat is obsolete. Certain 
alloys of zinc with tin and copper, t.g. coinage 
bronze, are assayed for zinc by heating to 
1200° for two hours in carbon crucibles (J. Soc. 
Chem. Ind. 33, 1914, 270). The loss of weight 
gives the zinc together with any cadmium or 
oxygen present. Check assays on trial plates of 
known composition are necessary Zinc is 
usually weighed as oxide after precipitation as 
carbonate, or it is titrated with sodium sulphide 
or potassium ferrocyanide. An amount of 
1 or 2 grams of ore is weighed out and dissolved 
m hydrochloric acid or aqua regia. The silica 
and metals other than zinc are removed as usual. 
All the precipitates will contain zinc, if they are 
bulky, and must be redissolved and reprecipi¬ 
tated. The alkaline filtrate may be diluted to 
200 c.c. and used for the sodium sulphide ti¬ 
tration, which is carried out at fi0°-fl0°. A flake 
or two of freshly precipitated ferric hydrate is 
used as an indicator, turning from red to black 
as soon as sodium sulphide is in excess. One c.c. 
of the standard solution of sodium sulphide 
should be equal to 0*01 gram zinc. Instead of 
ferric hydrate, sodium mtroprusside may be 
used as an indicator on a white tile. This gives 
a purple colour with sodium sulphide. 

For titration with potaSsmm ferrocyanide, 
the pure ammoniacal solution of zme obtained 
as above is a-icMied with hydrochloric acid, 
boiled and titrated hot. The standard solution 
of ferrocyanide is made up by dissolving 41*25 
grams of the pure salt in a litre of water. The 
test solution consists of 0 5 gram of uranium 
acetato dissolved in 20 o.c. of water. A drop 
of this solution gives a brown colour on a white 
tile with a drop of the zinc solution as soon as 
the ferrocyanide is in excess. It is advisable 
to confirm the end reaction by adding 5 c.c. of 
a standard solution of zinc in hydrochloric acid, 
containing 10 grains of zinc per litre, and again 
titrating (Chem News, lxxvi. G). 

The assay of zinc-dust for metallic zinc is 
made by acting on the sample with dilute sul¬ 
phuric acid, and collecting and measuring the 
hydrogen which is evolved. 

Commercial metallic zinc contains lead, 
cadmium, and iron, and may also contain 
arsenic, copper, antimony, tin, &o. By dis¬ 
solving in dilute sulphuric acid, the lead and the 
greater part of the copper, tin, cadmium, &c., 
are left undissolved. The residue is attacked 
with nitric acid, and the metals separated as 
usual. Iron in zinc is titrated in the sulphuric 
acid solution without being separated. Arsenic 
and antimony aro passed with the hydrogen 
evolved by sulphuric aoid into a solution of 
silver nitrate (Caniprcdon. Guide Pratique, 760; 
Eliot and Storer, Amer. Acad. Arts & Sciences, 
viii. 57). 

Coal. The assay of coal usually comprises 
the determination of moisture, total ash, sulphur, 
coking properties, and calorific power. The 
coal is broken down and sampled as in the case 
of ores (see p. 408), and the sample is passed 
through an 80-mesh sieve. 

The moisture is determined *by drying 1 
cram in a water-oven for 30 minutes and weigh¬ 
ing. The coal is then again warmed for 15 
minutes and reweighed, and the process is con- 
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1 tinued until the weight ift constant or begins to 
increase. 

For ‘sulphur, 2 grams of coal are mixed 
with 3 grams of a mixture of two parts of 
oaJcined magnesia and one part of potassium car¬ 
bonate, and heated to dull redness fey an hour 
in a porcelain or platinum crucible, with occa¬ 
sional stirring. After cooling, the charge is 
transferred to a beaker and digested with water 
and 1 c.c. of bromine. It is then acidulated 
with hydrochloric acid, the bromine boiled off, 
and tho sulphur, now in tho form of sulphate, 
precipitatod by barium chloride. Tho sulphur 
may also bo oxidised by heating the coal with 
a smxturo of nitro and common salt. Phos¬ 
phorus in coal, if determined at all, is estimated 
in the ash, which may require complete analysis. 

The coking qualities of coal are examined by 
heating 50 grams of coarsely crushed coal i% a 
‘large copper’ crucible covered with a closely 
fitting lid. Tho evolution of gases is completed 
after 15 or 20 minutes at a full red heat. After 
cooling, the coke is turned out and weighed, the 
loss of weight giving the amount of volatile 
matter. 

The calorific power of coal is determined by 
igniting 2 grams of the finely powdered Bample * 
with 20 grams of a mixture of six parts of po¬ 
tassium chlorate and one part of nitre. The coal 
and deflagrating mixturo are ground together 
in a mortar and ignited in a Thompson calori¬ 
meter. The error due to loss of heat by escaping 
gases, &c., is always taken as ono-tenth of the 
total evolved. The calorific power reported is 
the weight of water that could be evaporated at 
100® and 700 mm. pressure by a unit weight of 
the fuel (v. Fuel). 

Cyanide solutions. In gold mills, these 

solutions are in wide uso, and require frequent 
analysis. Free cyanide is estimated by means 
of a solution of silver nitrate prepared by dis-• 
solving 13*04 grams of crystallised AgNO s in a 
litre of water. One c.c. of this solution is 
equivalent to 0*01 gram of KCy, the ond of the 
titration being denoted by thg solution becoming 
milky from the precipitation of AgCy. The 
reaction is represented by the equation : 

AgNO,+2KCy=KAgCy a +KNO # . 

The amount of cyanide solution taken for 
assay may be from 10 c.c. to 100 c.c., according 
to its strength. Alkalis and other compounds 
which may be present dissolve silver cyanide, 
and accordingly it is usual to add potassium 
io(lide as an indicator. Turbid cyanide solution 
must be filtered before titration. If soluble 
sulphides are prosent, they prevent the assay 
from being carried out. They are removed by * 
agitating tho solution with freshly precipitatod 
lead carbonate. If zinc is present in the 
solution, part of the cyanide contained in the 
double cyanide K 2 ZnCy 4 is estimated as free KCy. 

Tho ‘ total alkali ’ in a cyanide solution is 
estimated (J. E. Clonnoll, Chemistry of Cyanide 
Solutions, 62) by titration with a standard 
solution of sulphuric acid, using methyl orange 
as an indicator. ‘ Protective alkali ’ (op. at. 

63) is determined by adding a slight excess 
of silver nitrate together with a little phenol- 
phthalcin solution, and titrating with Buiphurio 
acid until the pink colour aisappears. The 
‘ reducing powor *«of cyanide solutions is deter- 
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rained by acidification and subsequent titration 
with potassium permanganate, until the pink 
tint becomos permanent, or by adding ah excess 
of permanganate followed by an excess of 
potassium iodide and estimating the amount 
of iodine liberated (op. cit. 71). 

Gold and silver in cyanide solutions are 
determined by evaporation on load foil, which 
is afterwards cupelled, or by evaporation with 
litharge, which is fused for lead. A more rapid 
method is to precipitate the gold and silver with 
zinc-dust and sulphuric acid, filter, and scorify 
or fuse the residue. The latter method is espe¬ 
cially suitable for treating largo samples of 
poor solutions containing very little gold flhd 
silver. In all these methods, a button of lead is 
obtained which is cupelled and the gold-and 
silver parted as usual. 

rSilica. The silica in ores is partly free and 
partly combined. The white sandy residue left 
after careful extraction with acids is sometimes 
nearly pure silica, and is often reported as 
‘ silica and silicates insolublo in acids. It may 
be tested with sulphuric and hydrofluoric acids. 
The usual method with ores, slags, &c., is to 
fuse 1 gram with 5 grams of fusion mixture 
and a little nitre in a platinum crucible or dish. 
It is extracted with warm water and a little 
hydrochloric acid'and evaporated to dryness on a 
water-bath. The bases are dissolved out with 
hydrochloric acid, and the silica filtered off. 
The filtrate is again taken to dryness and dis¬ 
solved in hydrochloric acid to separate the 
remainder of the silica. If the ore contains a 
large percentage of sulphides, oxides, &c., 
which r.re soluble in acids, these are removed 
before the fusion. In this case the acid solution 
may contain silica, which is removed by evapo¬ 
rating to dryness, taking up with hydrochloric 
acid and filtering. The purity of the silica is 
'tested by evaporating two or three times with 
water, sulphuric acid and hydrofluoric acid. The 
silica is volatilised (J. Amer. Chem. Sec. xxiv. 
1902, 302). 

Sulphur. A rapid method of determining 
the sulphur in ores given by Furman (Manual 
of Practical Assaying, 13th ed. 91) is to fuse 
5 grams of the ore with 15 grama of borax, 3 
• grams of charcoal, and one or two nails in a 
hot fire. The time required for fusion is about ; 
15 minutes. The nails are then withdrawn and 
the charge poured. As soon as the slag is cool, 
the matte is detached from it with a hammer 
and weighed. If the matte were pure FcS, it 
would contain 30 3 p.c. of sulphur. By analysis, 
Furman finds that the ncarost approximation is 
to take the sulphur as 30 p.c. of the matte. The 
method, though inaccurate, is sometimes useful, 
as it can be completed in less than half an hour. 

The more accurate methods consist in 
oxidising the sulphur by aqua regia or nitric 
aoid ana potassium chlorate, or by fusion with 
a mixture of nitre and sodium carbonate, and 
weighing it as barium sulphate. A good method 
for ores and slags consists in fusion with 
caustic alkali, extracting with water, and oxidis¬ 
ing with bromine. After separation of the silica, 
the sulphur is precipitated by barium chloride 
(Chem. News, 1. 1884, 194). If load is present, 
the solution is boiled with ammonium car¬ 
bonate. T. K. R. 

ASTATKI. A Russian 1 term, signifying 


‘dregs,’ applied to tho residue left in the dis¬ 
tillation of Baku petroleum after the volatilisa¬ 
tion of the kerosene, and now largely used as 
fuel in tho Caspian region (v. Petroleum). 

ASTERIA (Star Sapphire) v. Corundum. 

ASTERIN v. Anthooyanins. 

ASTEROL. A combination of tho mercury 
salt of p-phenol-sulphomc acid (hydragyrol) and 
ammonium tartrate 

used as an antiseptic in surgery. 

ASTRALINE. Russian petroleum oil, used 
for burning (v. Petroleum). 

ASTRALITE. A glass resemblhg aven- 
turine, but containing crystals of a cupreouB 
compound which by reflected light exhibit a 
diehroio iridescence of dark red and greenish- 
blue. Made by fusing and allowing to cool 
slowly a mixture of 80 pts. silica, 120 lead oxide, 
72 sodium carbonate, 18 borax, with either 
24 pts. scale oxide r 4 >f copper, and 1 pt. scale 
oxide of iron, pr with 5 pts. lime, 20 copper 
oxide, and 2 iron oxide. 

ASTROLIN. Trade name for antipyrine- 
methyl-ethyl glycollate C 6 lI| 0 O,,C n H lf ON,, 
m.p. f>4 0 -(>5'5°. A colourless powder, with a 
slight smell and pleasant taste, readily soluble 
in water and alcohol. 

ASUROL. Sodium-mereuri-amido-oxywo- 
butytosalicylate. * 

ASYPHIL. Trade name for a mercury salt 
of p-ammopknnylamnic acid 

(NH 8 C fl H 4 As()(()R)0) s Hg. 


( r . Arsenicals, Organic). 

ATACAMITE. Hydrated oxychloride of 
copper OuCI f '3Cu(()IT) 2 , occurring m tho 
Atacama region of t’hile, sometimes in sufficient 
amounts for use as a copper ore (Cu 59-4 p.c.). 
Large quantities have also been mined at 
Wallaroo in South Australia. Orthorhombic 
crystals of - a bright-green colour and with 
brilliant faces are not uncommon. Sp.gr. 3*7(>. 
Before the days of blotting-paper, it was used, 
under the name of arsenillo, as a writing sand 
for absorbing ink ( v . Copper). L. J. S. 

ATELES1TE. A bismuth arsenate con¬ 
taining iron phosphate found at Schneeberg in 
Saxony: Hi/),, 57-16; fc.l’.O*. 12-50 ; As.O„ 
30-35 (Frenzel, J, M. 1873, 7K;>). 

ATHAR or ATTAR, Indian name for 
volatile oil of roses (»». Oils, Essential). 

ATISINE, v. Aconitine. 

ATLAS DYNAMITE v. Explosives. 

ATLAS POWDER v. Explosives. 

ATLAS SCARLET v. Azo- colouring 

MATTERS. . 


ATMOSPHERE. The gaseous envolope sur¬ 
rounding any liquid or solid body ; more parti¬ 
cularly the gaseous envelope w'hich surrounds 
the earth, and which is commonly known as air. 
The thickness of this serial envelope is not 
known even approximately, but it is quite certain 
that it exceeds 45 miles measured from the 
earth’s surface, which was the limit assigned to 
it by Wollaston. Secchi calculated that air 
exists even at a height of 300 kilometres above 
the earth’s surface. From the ratio of deorease 
of density with elevation, the atmosphere at 
a height of 50 miles cannot exert any measurable 
pressure. The mass of tho atmosphere forms, 
like the earth itself, an oblate spheroid, the polar 
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axis of which is much shorter than the equatorial 
axis, the ratio of the two axes being, according 
to Laplace, as 2 to 3. 

The pressure of the atmosphere at any par¬ 
ticular spot may be measured in terms of the 
height of a column of mercury which it is capable 
of sustaining. It follows from the law of 
Boyle that the density of the air rapidly dimi¬ 
nishes with the height. For air of constant 
temperature, its density, or, what comes to the 
same thing, tho height of the mercurial column, 
should diminish in geometric progression, whilst 
the distance from the earth increases in arith¬ 
metic progression. The pressure, even at the 
Bamo place, is continually varying from a 
variety of causes, and hence the height of the 
barometer, as tho mercurial column was first 
termed by Boyle, is practically never absolutely 
constant. Tho average height at any one sj>ot 
at the sea-level is mainly dependent upon the 
gnat movomonts of air which result from the 
effect of the earth’s motion upon the gaseous 
envelope, combined with variations m the 
density of the aerial mass due to solar action. 

According to Regnaulfc, 1 litre of dry air, free 
from carbonic acid and ammonia, measured at 
0° and 0-76 mm pressure, at Paris (lat. 48° 60') 
and at a height of 60 metres above the sea-level, 
weighs 1 *293187 grams. Lasch found that 1 litre' 
of pure air at standard tempeiat iro and pressure 
weighs at Berlin (lat. 62° 36') 1*293036 

grams. 

(luye found 1*2930 grams at Geneva, and 
concluded that it, may \ary, on the same day, 
from place to place to the extent of several 
tenths of a milligram (Guye, Kovacs and 
Wourtzel, Oompt. rend. 1912, 154, 1584). The. 
mean of the most recent determinations gives 
the value 1*2928 grams as the weight ot a normal 
litro of air. Guye considers that the most 
probable explanation of the variations m density 
observed from time to time is based on the 
presence in the air of varying quantities of dust, 
invisible unde the ultramicroscope. 

The Bureau Internat. des Poids et Mesures 
adopts for the weight of 1 litre of dry air, con¬ 
taining 0*04 p.c. carbonic acid, at the normal 
temperature, and under the normal barometric 
pressure at lat. 45° and sea-lev el, 

p — 1 29S052_ y 1 
M 1 + 0-00307 X 700’ 

on the assumption that 0*00367 is the expansion 
coefficient of air at constant pressure for a 
normal degree. According to Leduc the moan 
composition of an at Paris, purified from 
aqueous vapour and gases absorbable by alkali, 
is as follows: 

Oxvgen Nitrogen Argon Neon 
By volume 0*2100 0 7800 0*0094 15xll)- fl 

By weight 0*2321 0*7549 0*0130 8*4 xlO"® 

Helium Hydrogen Krypton Xenon 
By volume 0*5x10 8 lxl0« 50x10* Ox Hr 11 
By weight 0*7 x Hr 8 0*07 x 10** 8 140x10-® 80x10-® 

For such air at 0° end a pressure of 76 cm. of 
mercury at Paris the mass of 1 litre is found to 
be 1*2932 grin. Under normal pressure (70 
cm. of mercury at 0° ; 0=980*665) the weight 
is 1*2928. In other terms, taking the sp.gr. of 
mercury as 13*5951 and the value of g at the 
4th story of the Sorbonne as 980*97, the mass 
of a litre of air under the pressure of a megabar 


l is 1*2759 grm. For purposes *of ordinary 
I chemical calculation it may be assumed with 
sufficienf accuracy that 1 gram of air measures 
at standard temperature and pressure 773 c.c. 

T he total weight of the atmosphere is about 
11 trillions of pounds, or about 5 trillion kilo¬ 
grams and the relative amounts of the chiof 
constituents may be assumed to be — 

Trillions kgm. 

Nitrogen (argon, Ac.) . 4*011200 

Oxygen. . . . 1*2180-10 

Carbonic acid , . 0*01)3156 

5*262396 

TIersclie! calculated that, allowing for the 
space occupied by the land above the sea, the 
mass of the atmosphere is about xuoWn P ar t 
that of the earth. • 

The u n 1 1 o f pressure adopted by engineers 
and others, and styled an atmosphere, is an 
amount- equal to the average pressure of the 
atmosphere at the sea’s level. In British 
measure an atmosphere is the pressure equivalent 
to 29*905 inches of mercury at, 32° F. at London, 
and is about 14*73, lbs on the sq. inch. In 
the metric system it is the pressure of 760 mm. 
(29 922 inches) at 0° ('. at Paris, and is equal to 
1*033 kilos on a sq. centimetre. Hence the 
English ‘ atmosphere ’ is 0*99968 that of the 
metric system. 

The specific heat of air at constant pressure 
is 0 239 (Hercus and Laby). Its coefficient 
of thermal expansion between —30° and 200° is 
0*003065 for 1°. Its thermal conductivity is 
5*22 xl0~ 6 cal./em. sec. deg. (Hercus and Laby, 
Proc. Roy. Soc. 1918, A, 206). Its viscosity 
(N 0 X 10 4 )--1*733. 

By the application of sufficient cold and 
pressure, air may be liquefied. 

Comparatively little of the sun’s heat is * 
absorbed in its direct passage through the air. 
According to Tyndall, a column of air 1 metre 
long absorbs 0*088 p.c. of the heat which passes 
through it. According to Violle, and also Lecher 
and Pernter, the amount is not greater than 
0*0070 p.c. This absorption is mainly due to 
aqueous vapour, and, in a lower degree, to car¬ 
bonic acid and suspended organic matter. The 
air mainly gets its heat by conduction from the 
earth, and hence, as a rule, it is hottest near the 
ground. The law of the decrement in tempera¬ 
ture corresponding to height is not accurately 
known ; it is usually stated to be about 0*56° 
per 100 metres, but the rate is liable to very 
great variations. 

Air is not perfectly transparent. Its particles 
reflect and scatter light in sufficient quantity to 
obscure the light from the stars. The blue colour 
of the sky is due to the fact that the most re¬ 
frangible rays are most widely scattered (c/. 
Rayleigh, Phil. Mag. 1899, 47, 375). Strutt has 
devised a method of showing the scattering of 
light by dust-free air and of artificially repro¬ 
ducing t he blue colour of the sky (Proc. Roy. Soc. 
1918, 94 A, 453 ; see also Cabarnes, Compt. 
rend. 1915,100,62). In the higher regions of the 
atmosphere, where the amount of reflected light 
becomes less and less, owing to the decreased 
density of the air* the sky appears to grow 
gradually darker. Brewster first proved that 
the blue light from the sky, as well as the white 
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light from the clouds, was due to reflected light, 
by the fact that it was polarised. 

Suspended matter, dust, smoke, 1 aqueous 
vapour in a state of partial precipitation, &c., 
greatly diminish the transparency of air. Wild 
gives ther-following numbers as representing the 
transparency coefficient of 1 metre of air :— 

Dry air (free from dust) . . . 0*99718 

Air of a room (dry, but containing 
dust) ...... 0*99520 

Air free from dust, but saturated with 
aqueous vapour • . . . 0*991)28 

The refractive indioes of dry air at standard 
temperature and pressure for the Fraunhofer 
lines A, B, C, D, K, F, (1, H, are, according to 
Kettler (Pogg. Ann. 124-401), as follows :— 
nA=1*00029286 nE=1*00029584 

nB=l *00029345 »F=1 *00029685 

* nC=1*00029383 n(l = 1 *00029873 

nD= 1*00029470 nil=1*00030028 

The emission spectrum of air has been mapped 
by Huggins (Phil. Trans. 154, 139) and Ang¬ 
strom (Pogg. Ann. 94, 141), and the spectrum 
of lightning by Kundt (Pogg. Ann. 135, 315), 
who has shown that forked lightning gives a 
line spebtrum, whereas shoot lightning gives a 
band spectrum. The absorption spectrum of 
air was first mapped by Brew.st.er and Gladstone, 
and has been further examined by Janssen, 
Cornu, and Chappuis (Compt. rend. 91, 988). 

Air, owing to the oxygen it contains, is a , 
magnetic substance. The diurnal variation in I 
magnetic declination has beon alleged to be 
due to the varying magnetic potential of the 1 
oxygen owing to alterations in temperature. I 
Air is a mixture of nitrogen, oxygen, aqueous I 
vapour, argon, carbon dioxide, with minute 
quantities of ozpne, hydrogen peroxide, am- j 
monia, nitrous and nitrio acids, hydrocarbons, | 
.helium, neon, krypton, xenon, hydrogen, &c. 
That the air is not a chemical compound 
of its component gasos is proved by the facts: 
(1) that these gases are not present in any 
constant ratio ; (2) that air can be made by 
simply mixing its constituents in the proportion 
indicated by the analysis of air, without con¬ 
traction or any thermal disturbance resulting; 
(3) that on treating air with water and oxpelling 
the dissolved air by boiling, the proportion of 
the oxygen to the nitrogen is found to be in¬ 
creased, and in amount corresponding with 
the law of partial pressures; (4) that the 
constituents of the air can be mechanically 
separated by processes of diffusion ,* and (5) that 
the refractive power of the air is equal to the 
mean of the refractive powers of its constituents, 
whereas in compound gases the refractive power 
is either greater or less than the refractive power 
of the elements in a state of mixture. 

# The amount of oxygen in air may be ascer¬ 
tained by measuring the diminution in volume 
which a known bulk experiences whon in contact 
with some substance capable of absorbing or 
combining with oxygen gas. Among the sub¬ 
stances which may be conveniently used for this ; 
purpose are: 

1. Phosphorus. A fragment of phosphorus j 
op the end of a platinum or copper wire is i 
exposed ‘to a measured volume of air standing 
over water or mercury until no further decrease 
of volume is observed (Borthojlet). Lindomann 


(Zoitsch. anal. Chem. 1879,18, 158) employs thiri 
sticks of phosphorus for the same purpose in 
the Orsat apparatus (v. Gas analysis). At 
a temperature below 7° the oxidation of the 
phosphorus ceases. Watson (Chem. Soo. Trans. 
1911, 99, 1460) has described an accurate 
method of ascertaining the amount of oxygen in 
air by the use of yellow phosphorus. A modifi¬ 
cation of the apparatus for estimating the oxygen 
content of air from the upper atmosphere has 
been suggested by Aston (Chem. Soc. Trans. 
1919,472). 

2. Pyrogallol in Alkaline, solution. Chevreul, 
in 1820, first suggested the uso of this reagent. 
The absorption is apt to be accompanied by the 
formation of notable quantities of carbon 
monoxide if the amount of oxygen is largo or 
tlie alkaline solution very concentrated. Accord¬ 
ing to Hempel (Ber. 20, 1865), the best pro¬ 
portions are 5 grams pyrogallol dissolved in 15 c.c. 
water mixed with 12Q grams caustic potash dis¬ 
solved in 80 era. of water. Practically no 
carbon monoxide is formed with this solution. 
The absorption is very rapid (Hempel, Ber. 18, 
267 and *1800). Guye and Gerraann have 
described a volumeter by which it is possible 
to analyse accurately very small quantities of 
air (0*25 c.c.) (Compt. rend. 1914,159, 154). 

3. Metallic Copper. A spiral of copper wire 
is hefttod to redness # m dry air free from carbonic 
acid and of known pressure until the whole 
of the oxygen has combined with the metal 
to form cupric oxide. The pressure of the 
residual gas is then determined, whereby the 
amount of nitrogen is ascertained, and hence 
the amount, of oxygen. An apparatus on this 
principle was suggested by .Jolly (W. N. S. C538 ); 
it is seen in Fig. 1. 

The glass vessel a, of about 100 c.c. capacity, 
is exhausted by the mercurial pump, and is 
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replenished with the air under investigation. 
This is then cooled to 0° by surrounding a 
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with the metallic cylinder B, which is filled 
with melting ice. The tension of the confined 
air is measured by the height of mercury in the 
glass tubes g and d, which are connected to¬ 
gether by caoutchouc tubing. The tube g is 
movable in the clamp /, the position of d being 
fixed with reference to a. By turning the three- 
way stop-coek b, a and d may bo alone brought 
into connection, or both may bo made to connect 
with the outer atmosphere. Tho cock is now 
so turned that a and d are alone in connection ; 
tho tube g is now raised until the level of the 
mercury in d just touches the point m, when 
tho tension of the air is read off on the graduated 
scale behind g. Tho copper spiral in a is next 
heatod to rodnoss by an electric current, whereby 
the heated metal rapidly combines with the j 
oxygon. The cylinder b is once more placed 
round a, the residual nitrogen cooled down to 0° 
by means of molting ice, and its tension measured 
by adjusting the level of the mercury to in, and 
reading off the height of the mercury in g. 
If, for example, the pressure before abstracting 
tho oxygon w r as 702-56 mm., ami after the ab¬ 
straction was 555-70 mm., then l volume of the 
air would bo reduced to=?5?*'?==0-7909G vol., 

70- oo 

or, expressed eentesimally, the composition of 
the air would be: 

Nitrogen (argon, &c.) T . 79-096* 

Oxygen . . . . 20-904 

100-000 

Kreusler has shown that unless the air be care¬ 
fully dried before being heated with the copper 
spiral, the proportion of oxygen w-ill bo apparently 
too low. 

Dumas and Boussingault (Ann. Chira. Phys. | 
[3j 3257), as far back as 1841, made use of the | 
fact that heated metallic copper combines with 
oxygen, in order to determine the gravimetric 
composition of air. Air deprived of moisture 
and carbonic ac id was passed through a weighed i 
tube containing metallic copper heated to red-! 
ness, whereby all the oxygen was absorbed, the i 
nitrogen being collected in a vacuous glass globe 
also previously weighed. At the conclusion 
of tho experiment the tube containing the j 
metallic copper was again weighed ; tho increase ! 
in its weight gave the amount of absorbed 
oxygen, together with the weight of the nitrogen 
which it also contained. The nitrogen was then 
removed by the air pump and tho tube again 
weighed ; the difference between the first and i 
third weighings of the tube containing the copper 
gave tho weight of absorbed oxygen, and the j 
weight of nitrogen waB obtained by adding the | 
difference between the second and thifrl weighings j 


gases (Compt. rend. 1896, 12, 1805; 1808, 126, 
413). ' . 

4. Explosion with hydroge,n. A measured 
volume of air is mixed with a known volume of 
hydrogen in excess, and the mixture is exploded 
by the electric spark, w hen the oxygen^combines 
with tho hydrogen in the proportion of 1 vol. 
of the formor to 2 of tho latter to form water. 
One-third of tho contraction resulting from the 
explosion represents, therefore, the amount of 
oxygen in the air under examination. This 
method, first suggested by Volta, wjis perfected 
by Bun sen. Modifications of the method have 
been made by Rcgnault and Reisct, Williamson 
and Russell, Frankland and Ward, and others. 
These methods are extremely accurate, and 
have afforded us all the exact knowledge we 
have respecting the variations in the amount of 
oxygen in atmospheric air. Thus Bunsen, iiT a 
series of analyses made in the winter of 1846, 
found that the percentage amount varied from 
20 97 to 20-84. Regnault made a large number 
of analyses of air collected from all parts of the 
world, in 100 analyses of air collected in Paris 
the minimum amount of oxygen was 20-913, the 
maximum 20-999. _ Air collected in various parts 
of Europe, from above the Atlantic Ocean, from 
the summits of the Andes and from the South 
Polar Sea, con tamed an amount of oxygen vary¬ 
ing from 20-86 to 21 p.c. Many hundreds of 
analyses were made by Angus Smith, of air 
collected in various towns in England and 
Scotland, and also of air collected in the country. 
The oxygen in London air varied from 20-857 to 
20-95, less oxygen as a rule being found in the 
air of streets than in that of the parks and open 
spaces. A series of 30 analyses of Glasgow air 
showed variations from 20 - 887 in tho closer 
parts to 20-929 in the more ojx-n spaces. Even 
wider extremes were found by Leeds in the air 
of New York, viz. from 20-821 to 21-029 p.c. * 
According to E. W. Morley, the diminished 
proportion of oxygen may be caused by the 
down-ruBh of air from the higher regions of the 
atmosphere, which probabl^ contain a less 
rolative amount of oxygen. Regnault’s experi¬ 
ments afford some evidence for the belief that 
the air of tho tropics contains slightly less 
oxygen than that in northern latitudes (v. also 
.lolly, W. N. F. 61, 520). A similar conclusion 
has been drawn by Hempol (Ber. 20, 1864) from 
tho analysis of a large number of analyses of 
air collected simultaneously at Tromso, Dresden, 
and Para. The mean results were: 


Tromso 
Dresden 
( Para 



of tho tube to the increase in the weight of the 
glass globe. As tho moan of a large number 
of experiments mado by this method, the 
procentago composition by weight of air free 
from water and oarbonic acid was found to be 
Oxygen . • . .23-00 

Nitrogen (with argon, &c.) . 77-00 

100-00 

Leduc has shown that this "proportion of 
oxygen is too low, as an average ; the amount 
is about 23-2 p.c. by weight as calculated from 
the known density of air and of its constituent 


From the results of 203 analyses of air col- 
j lectod at five different spots and analysed by 
| three independent methods, it follows that the 
i most probable mean percentage amount of 
\ oxygen is 20-95. Numerous determinations 
by Pettersson and England of the air of Stock¬ 
holm during October, November, and December, 
1889, gave 0=20-94 (Ber. 22, 3324 ; Hempel, 
Ber. 20, 1864; Kreusler, Ber. 20, 9J1). More 
recent work by Durius and Zuntz, Watson 
(Chem. Soc. Trans. 1911,99,1460), tend Benedict 
(Carnegie Inst. Report, 166), indicates that such 
small variations as occur are not traceable to 
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meteorological conditions. Tho mean per¬ 
centage of oxygen (20'952) found by Benedict 
from 1909 to 1912 corresponds closely with 
that found by Morley (20*955) in 1881. 

Air from various parts of France, the Alps, 
and Algiers, taken both in spring and winter, 
was found by Leduc to show on an average 
23*20-23*21 p,c. of oxygen by woight, the 
extreme values being 23*05 and 23*25 p.e. Tho 
percentage is slightly lower in the noith and at 
sea-level than elsewhere, and is loss in London 
than in Paris. Samples ol the upper air are 
less rich in oxygen than air at the lovcl of tho 
earth, although the differences are much less 
than are indicated by the law of Laplace. 

Ozone is always present m minute quantity 
in normal air. Air over marshes contains little 
or no ozone. No ozone can be detected m the 
ai» of large towns or in inhabited houses. 
Atmospheric ozone is probably formed by the 
action of electricity on nir. Most of the informa¬ 
tion we at present possess concerning the distri¬ 
bution of atmospheric ozone has been obtained 
by the use of so-called ozone papers. Of these 
the best known is Schonbem’s, which is based 
on the .fact that ozone liberates iodine. from 
potassium iodide, and thereby renders starch 
blue. To prepare them, unsized paper is 
immersed in a solution of 15 parts starch and 
1 part potassium iodide in 200 parts of water 
and dried in the dark. .To make a determina¬ 
tion of ozone the paper is freely exposed to the 
air for some hours and moistened with water, 
and the depth of tint produced compared with a 
standard scale of colour. The method has no 
pretensions to scientific accuracy. Houzoau 
(Ann. Chim. Phys. 4, 27, 5) determines the 
relative amount of ozone by exposing red litmus 
paper previously dipped in 1 p.c. sol of potassium 
iodide and dried, to the action of the air. The 
"ozone liberates iodine and tho free alkali turns 
the paper blue. Thallium salts arc turned brown 
by the action of ozone, and hence papers soaked 
in solution of those salts have been used for the 
recognition of ozone. Paper soaked in a very 
dilute solution of neutral gold chloride is turned 
a deep violet colour by ozone (Bottger, Chim. 
Zentr. 1880, 719). 

Attempts have been made to estimate ozone 
by aspirating large volumes of air through 
dilute solutions of hydriodic acid and determin¬ 
ing the amount of the liberated iodine by iodo- 
metric analysis. Also by leading the air through 
a mixed solution of potassium arsenite and 
potassium iodide, whereby the liberated iodine 
converts the arsenite to arsenate. The liquid 
through which the air had passed was then 
mixed with a few drops of ammonium carbonate 
solution and starch paste, and a standard solu¬ 
tion of iodine (1 :1000) added until the blue 
colour was peimanent. A precisely similar 
experiment was made on equal amounts of 
distilled water, iodine, arsenite, &c., used, and 
from the difference in the amount of iodine 
solution needed the amount of oxidised arsenite 
and hence the quantity of ozone was determined. 

According to David (Compt. rend. 1917, 
164, 430) tye ozone in air may be estimated by 
adding 5 c.c. of JV/100-ferrous ammonium sul- 
hate acidified with sulphuric acid to a vessol of 
litre capacity, and then titrating back with 
AyjQOQ potassium permangan&te. 


Bring (Proc. Roy. Soc. 1914, A 90, 204), by 
observations on the action of ozone on aaueous 
solutions of potassium iodide, with the forma¬ 
tion of liypoiodite and free iodine, finds that the 
average amount of ozone in the atmosphere is 
2*5 vols. per million of air, and that this amount 
varies very little with the altitude between 
5 and 20 kilometres. In the Alps a mean value 
of 2*5 vols. was observed at 2100 metres, and 4*7 
vols. at 3580 metres. Pnng regards ozone as a 
contributing factor in determining the blue 
colour of the sky. The use of potassium iodide 
! as ail agent for tho estimation of atmospherio 
ozone is deprecated by Usher and Rao (Chem. 

' Soc. Trans. 1917, 111, 799), who have devised 
a method in which the air to be examined is 
shaken with a dilute standard solution of sodium 
nitrite made slightly alkaline; and the un¬ 
changed nitrite content subsequently doter- 
•mined eolorimetrically by the production of 
the red dye with r.-naphthylamine and sul- 
phanilic acid (Urioss llosvay method). For 
particulars the original description must bo 
consulted. 

it appears that the amount of ozone varies 
with the seasons: it is greatest in winter, be¬ 
comes gradually less during spring and autumn, 
and is least in summer. Ozone is more fre¬ 
quently observed on rainy days than in fine 
w'eafhe.r; thunderstorms, gales, and hurricanes 
are frequently accompanied by relatively strong 
manifestations of it (<*/. Thierry, Compt. rend. 
1897. 124, 400). 

According to Holmes (Amer. Chem. J. 1912, 
47, 497) the maximum amount of ozone in the 
air is only found when ‘ high ’ barometric areas 
are so near that the air from great heights flow's 
rapidly down to the earth. Most of the ozone 
is produced by the action of the sun’s ultra¬ 
violet rays on the upper air (c/. Strutt, Proc. 
Roy. Soc. 1917, 94, 200). According to Moore 
(Proc. Roy. Soc. 1918, B, 90, 158), the ‘ ozone ’ 
odour in air is probably due to oxides of nitrogen 
formed by tho action of sunlight rich in ultra¬ 
violet light in tho upper layers of the atmosphere 
on air and water-vapour. 

It is highly probable that many so-called 
ozono manifestations are duo to the existenoe of 
hydrogen peroxide in the air, which was first 
demonstrated by Meissner in 1863. Schone 
found from observations made at Moscow, that 
it was invariably present in rain, dew, and snow, 
and was less in winter than in Rummer; and 
more in southerly winds than in those from the 
north. The amounts in all cases were, however, 
very minute, the maximum being 1*4 c.c., and 
the mean 0*38 c.c. hydrogen peroxide vapour 
in 1000 c.c. air. 

The quantity of aqueous vapour in the air 
varies with the temperature: thus 1 cm. of air 
when saturated with water contains: 

At -10° 2*284 grams At +20° 17*157 grams 
0° 4*871 „ 25° 22*843 „ 

+ 5° 6*795 „ 30° 30*095 „ 

10° 9*362 „ • 35*39*262 

15° 12*746 „ 

The most accurate method of determining 
the amount of Aqueous vapour in the air consists 
in aspirating a given volume of the air through 
weighed tubes filled with some hygrOBOOpic sub¬ 
stance, such as phosphoric ofide or pumice 
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soaked in oil of vitriol and reweighing the tubes, 
when the increase of weight gives the quantity of 
moisture present. 

Usually, however, the humidity of the air is 
estimated by means of hygrometers, the best- 
known form of which is the paychromoter or 
wet-and-dry-bulb thermometer of August. The 
absolute humidity of the air is the weight of 
aqueous vapour contained in 1 c.m. The relative 
humidity denotes tho relation between the 
weight actually present and that which could 
be theoretically present if the air wcro saturated ; 
it is usually expressed in per cent, of the maxi¬ 
mum humidity. The air is seldom absolutely 
saturated with aqueous vapour, although in our 
moist climato saturation is occasionally very 
nearly attained. With us tho most humid 
month is December, and tho driest is July. 

The presence of carbonic acid in tho atmo¬ 
sphere was lirst indicated by Black in 1752., 
The quantity in normal air, is about 0-03 p.c. ; 
in that of largo towns it is slightly greater. 
Angus Smith gives the following summary of 
results obtained in London in 1864 and 18011 
(Air and Ram, 53-58):— 

Over River Thames . 8 expts. 0*0343 p.c. 
In the Park . . 6 „ 0*0301 „ 

In the streets . .10 „ 0*0380 „ 

Any circumstance which interferes with the 
ready diilusion of the products of respiration 
and of the combustion of fuel will tend 
to increase the relative amount of carbonic 
acid in tho air of a town: hence during fogs 
the amount may be as groat as 0*1 p.c. 

Tho amount of carbonic acid in the air of 
the country at night is usually greater than in 
tho day, as tho following comparison shows :— 
Air in the day-time. 


Observer 

Year 

Flace 

Amount 

Fr. Schulze 

T. Reiset . 

O. F. Armstrong 
MUntz & Aubln . 
A. Levy . 
Petermann 

Brown & Escombe 

]SG1—7l 
187:1-80 
1879 
1881 
1877-83 
1892 

1898-1901 

Rostock 
Kcorehebceuf 
Gr.is mere . 
Vincennes . 
Mont sour is . 
Ocmploux . 
Kew . 

0*0202 p.c. 

0*0290 „ 

0 0296 „ 

0 0284 „ 

0 0299 „ 
0*0299 ,, 

0 0294 „ 

.lir in the night-time. 


T. Reiset . 

G. F. Armstrong 

1873-80 

1879 

Ecorcheboeuf 
Grasmere . 

0*0304 p.c. 
0 0330 „ 


These differences are mainly duo to the ex¬ 
halation of carbonic acid from plants at night, 
and, to a smaller exiunt, to tho absonce of wind 
and of any decomposition of the gas by the 
action of sunlight. Over the sea this diurnal 
variation is not perceived, as the following 
results indicate:— 

Carbonic acid in sea air. 


T. E. Thorpe 

Irish Channel 

188&-0 j 

Day . ! 0*0301 p.c. 

and Atlantic 
Ocean 


1 

Night j 0*0299 „• 





Mean 0 0300 


In cold regions the dissociation pressure of 
hydrogen carbonates in the sea being low, the 
proportion of carbon dioxide in the air is below 
normal Sample* of air collected over the sea at 


I latitudes of 64-70, at temperatures between 
j 1° and 2°, gave a mean value of 2*0524 vols. in 

Carbonic acid in the air of tropical countries. 


T. K. Thorpe. 
Mtmtz & Aubin 


S. America . 18G0 
8. and Central 
America . 1882 


(£0328 p.c. 
0-0278 „ 


Mean 6*0303 


10,000 of air, a distinctly smaller proportion 
than is met with in warmer regions (Muntz and 
Lainc, Compt. rend. 1911, 153, 1116;. 

The pressure exerted by the carbonic acid in 
air is so small that its amount is not perceptibly 
diminished by rain. The amount also is not 
sensibly altered in the higher regions of tho 
atmosphere. 

Of the several methods which have boon pi*- 
,posed for tho estimation of atmospheric carbonic 
acid, the most generally convenient is that of 
Pettenkofer. It consists in exposing a known 
volume (say 50 c.c.) of dilute baryta water of 
known strength to a measured quantity of air 
(4-6 litres) contained in a well-closed flask. In 
about 5 or 6 hours the absorption of tfie car¬ 
bonic acid will be complete, providod that tho 
sides of tho flask have boen moistened from time 
to timo by the baryta solution. Tho baryta 
solution is then decanted and allowed to stand 
in a small stoppered bottle until the barium car¬ 
bonate has settled, when aliquot portions (say 
20 c.c.) of tho clear solution are withdrawn and 
the amount of the baryta still in solution deter¬ 
mined by titration with a standard solution of 
sulphuric or hydrochloric acid, of which 1 c.c. = 1 
mgm. C0 2 , phenolthalem being used as indicator 
(v. Acidimetry). 'The difference in the volume 
of acid neoded for the neutralisation of the baryta 
before and after oxposure to the confined 
volume of air gives the number of milligrams of 
carbonic acid contained in the air. Bloehmann 
(Annalon, 237, 72) has described a modification 
of the apparatus which allows of the titration 
being effected without exposure to the air of the 
laboratory. 

(For other methods, v. Haldane and Pembrey, 
Roy. Soc. Proc. 1889; Cl. Winkler, Chem. 
Unter. der Industriegase, Freiberg, 1877 ; Reiset, 
Chem. Soc. Trans. 90, 1144 ; Muntz and Aubin, 
Compt. rond. 92, 247.) 

(For Angus Smith’s minimetrio method, v. 
Air and Rain; compare Lunge, Dingl. poly. J. 
231,331.) 

(On the influence of the Bea upon the amount 
of atmospheric carbonic acid, r. Levy, Ann. Chim. 
Phvs. |3J 34, 5; Thorpe, Chem. Soc. Trans. 
ib67; Schloosing, Compt. rend. 93, 1410; 
Lawes, Phil Mag. [5] 11, 206.) 

Minute quantities of ammonia and nitrous 
and nitric acids are also present in the air. 
Although many of the published observations 
are probably inaccurate owing to the imper¬ 
fection of the methods employed, it appears to 
be proved that tho amount of ammonia, which 
oxists mainly as carbonate, is subject to very 
great variations. By aspirating from 10 to 20 
litres of air through Nesslcr’s solution (an alka¬ 
line solution of potassium-mercury ioaide) and 
comparing the depth of colour with that pro¬ 
duced by a standard solution of an ammonium 
salt, H. T. BrowTP (Roy. Soc. Proo. 18, 286) 



4 23 


ATMOSPHERE. 


found that the air of Burton-on-Trenfc during 1 
September, October, and November, 1869,1 
taken 2 metres from the ground, contained from 
0-4059 to 0-8732 part (NH 4 ) 8 CO, in 100,000 parts 
of air, whereas that of the country taken during ! 
Decombar and February contained from 0-5102 j 
to 0-6085 part. The direction of the wind had ! 
apparently no influence on the amount; heavy j 
rain seomod to diminish it, but the air was 
restored to its normal condition in a few hours. 
Truchot found from 0-93 to 2 79 mgm. per cubic 
metro in the air of. Auvergne, the minimum 
being found in clear weather and the maximum 
during fogs (Compt. rend. 77, 1059). M lints 
and Anbin, from observations on rain water, 
found that the upper strata of air contain much 
less ajnmonia than air near the ground. Lovy 
(Compt. rend. 91, 94) found that the rain water 
aijd snow of Paris contain in mean l-I 7 mgm. 
of ammoniacal nitrogen per litre of water. The 
amount of ammonia in 4his meteoric water is 
least in winter and greatest during the warn er 
periods of the year. Gilbert and Lawes found 
that 1,000,000 pis. of ram water collected in the 
country containod 0-927 to 1-142 pts. of am¬ 
monia. Rain water collected in towns always 
contains large quantities of ammonia. Thus 
Angus Smith found that rain water collected in 
the sparsely populated districts in Scotland con¬ 
tained 0-63 pt. per million, whereas the rain 
water of London contained 3-45, that of Liver¬ 
pool 5-38, that of Manchester 6-47, and that of 
Glasgow 9-1 per million. The increased amoiftit 
in the towns is doubtless due to the influence of 
animal life and to the constant presence in 
greater proportion than in the country of roadily 
aecomposanl - mtr genous organic matter in 
the air ( <f . Heinrich, Chem. Sou. Abst. 1898, 
ii. 114). 

The quantities of nitrous and nitric acids in 
t the air aro even smaller than that of ammonia. 
Angus Smith (Air and Rain, 287) has given 
the following results shoving the amount con¬ 
tained in a million pts. of rain water:— 
Scotland, inland country place* . 0-305 

Ireland „ „ „ . 0-370 

Scotland, country places . . 0-424 

„ towns . . . 1-164 

England, inland country places . 0-749 

„ towns . . . 0-863 

Triesohmann found that the average per million 
brought down in ram at Mount Veinon, Iowa, 
over a period of 8 k, months was of flee ammonia 
0 407; albuminoid ammonia, 0'3C6; nitrates, 
0‘255; and nitrates 0‘018. Rain was iound to 
be richer in nitrogen contents than snow (Ohem. 
News, 1919, 119, 49). 

Occasionally, and more especially in the air 
of towns, minute quantities of hydrocarbons, 
sulphuretted hydrogen, carbonic oxide, 
sulphurous acid, common salt, alkaline 
sulphates, are met with. Boracio acid and 
sal ammoniac have been observed in air in 
the neighbourhood of active volcanos. 

The percentage amount by volume of the 
inert gasps in the air may be stated as follows :— 
Argon .... 0-93000 p.c. 

~ . 0 00995 „ 


Krypton 
Xenbn . 
Neon . 
Helium 


0-00114 

0-00123 

000040 


(Moissan, Compt. rend. 137, 600; lUms&y, 
Roy Boc. l?roc. 1908, 80 A, 599.) 

Organio matter in greater or less quantity 
is always present in the air. Much of this is 
nitrogenous, and apparently readily susceptible 
to putrefaction, giving rise to products which are 
alternately transformed into ammonia, nitrous 
and nitric acids. This form of organic matter 
reducos silver nitrato and potassium perman¬ 
ganate solutions. A portion of the organic 
matter consists of micro-organisms which 
arc rapidly deposited in the absence of strong 
aerial currents. Hesse quantitatively estimates 
the relative proportions of micro-organisms con¬ 
tained in air by aspirating a given volume of 
the air through glass tubes coated internally 
with gelatine peptone, which is thon kept at a 
temperature of about 25° for some days, when 
the various monad bacilli and micrococci which 
•are arrested and which are capable of growing 
in the gelatine peptone are recognised by the 
colonies which they form. By means of this 
method Percy F. Frankland has made a 
number of estimations of the micro-organisms 
contained in the air of towns at d m the country 
and in inhabited buildings. By simultaneously 
exposing small circular glass dishes partially 
filled with the nutrient gelatine to the action 
of the air, a rough estimate was obtained not 
onl^ of the numiter of micro-organisms in a 
given volume of the air, but also of the number 
which foil during a given time on a definite * 
horizontal area. As the mean of a series of 
observations made on the roof of the South 
Kensington Museum between January and June, 
1886, it was found that there were 35 organisms 
in 10 litres of air, whilst 279 was the average 
number which foil on 1 sq. ft. in 1 minute. 
Similar experiments mado near Reigate and in 
the vicinity of Norwich showed an average of 
14 organisms in 10 litros of air, while 79 fell 
per sq. ft. per minute. Experiments made in 
Kensington Gardens, Hyde Park, and on Prim- 
roso Hill, gave an average of 24 organisms in 
10 litres, and a deposition of 85 per sq. ft. per 
minute. At St. Paul’s Cathodral, 56 organisms 
were found at the base, 29 in the Stone Gallery, 
and 11 in the Golden Gallery, in 10 litros of air. 
At Norwich Cathedral, 18 at the base, 9 at a height 
of 180 ft. and 7 at 300 ft. In inhabited build¬ 
ings great variations were observed ; ns a rule, 
the number of micro-organisms was less than 
was found in the open air w r hen the air of the 
room w-as undisturbed, but rose rapidly when the 
air was set in motion by draughts or by the 
presence of many people (P. F. Irankland, Roy. 
Soc. Proc. 40, 509). 

Experiments made at the Montsouris Obser¬ 
vatory have shown that far fewer organisms are 
present in the air during winter than during 
spring and summer. The number also seomfi to 
be greatly increased after rain. Whilst in the 
warm months the number of spores in 1 litre of 
air was 28, after heavy rain it rose to 95 and 
120 . 

Atmosphorio dust is made up of both in¬ 
organic and organic matter. Tissandier found 
that 1 c.ra of tne air of Paris contained on the 
average 7-5 fligms. of dust; after a period of 
dry weather (8 days), 23-0 mgms., and after 
heavy rain, only 6*0 mgms. It consisted of 
from 27 to 34 p.c. volatile matter, and from 
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36 to 76 p.c. mineral matter, viz. sulphates 
ind chlorides of the alkalis and alkaline earthB, 
)xidea of iron, earthy carbonatos and phos¬ 
phates, <feo. ( of . J. Aitken, Trans.. Roy. Soo. 
Edin. 35, 37, 39). 

Radioactive Constituents of the Atmo¬ 
sphere. 

A charged electroscope slowly losos its charge 
in air, and it has been shown that this is not due 
to moisture, but that, on the contrary, the 
leakage is greater in dry than in wet weather. 
The conductivity of air is lessened by passage 
through a metal tube or by tho proscncc of a 
weak olectric field. Those facts indicate that 
tho conductivity of air is due to the presonco 
of charged ions (Townsorul, Proe. Roy. Soc. 
1899, 65, 192; Geitel, Naturw. Rundsch. 21, 
221). Tho rate of leakage of electricity from 
a chargod conductor in dust-free air is the same 
for positivo and negative charges, but vanes 
with the pressure. The loss*of charge per second 
jorresponds to tho production of about 20 1011 s 
>f either sign in each cubic centimetre of air 
Wilson, Proc. Roy. 80 c. 68 , 151). 

Elster and Geitel have shown (Wiod. Ann. 
2] 39, 321)' that ions are produced during 
he formation of ozone by contact of air with 
lames or by the slow oxidation of phosphorus, 
fee., but the mere presence tif ozone does*not 
mpart conductivity to air (Jorisson and Ringer, 
Bcr. 1906, 39, 2090). Langcvin (Compt. rend. 
1905, 140, 232) states that in air, in addition to 
ordinary ion 3 carrying charges oqual to that of a 
aydrogen ion in solution, there exist other ions 
aaving a much smaller mobility, but carrying 
charges fifty times as great. 

Nordmann has described (Compt. rend. 140, 
430) an apparatus for continuously recording tho 
state of ionisation of the air. Air is caused to 
circulate between tho plates of a cylindrical 
condenser, and the charge given up by tho 10 ns 
is removed by dropping water. The condenser 
is connected with an electroscope, 1 he deviations 
of which are rt forded photographically, and are 
proportional to the number of ions present in 
unit volume of air. Another apparatus for the 
same purposo is that of Langcvin and Moulin 
(Compt. rend. 140, 305). 

No satisfactory explanation of tho ionisation 
of air was found until Elstor and Geitel showed 
(Physikal. Zeitsch. 1901,76,590) that a negatively 
charged wiro suspended in the open air became' 
coated with radioactive matter, the preienoe of 
which could be proved by its action upon a 
charged electroscope, although the quantity 
present was altogether too small to respond to 
any ohemical test. Rutherford and Allan 
confirmed this observation, and measured the 
rate of decay of the deposit (Phil. Mag. 1902, 
vi. 4, 704). Later, Allan showed that the 
radioactive matter could be romoved from the 
wire by rubbing it with a piece of felt or by 
solution in ammonia, and that the ashes of the 
felt or the residue from the evaporation of the 
solution showed rauioactivity having a period 
of decay equal to that of the deposit on the 
wire (Phil. Mag. 1904, vi. 7, 140). 

These phenomena are due to *the presence 
ia the atmosphere of the gaseous emanations 
of radioactive elements, probably those of 
radium and thorium (Bumstoad, Amer. J. Sci. 


1904, 18, 1). The amount of active matter 
is not constant, but increases with increased 
circulation of the air, and is therefore probably 
duo to the presence of radium in tho soil (Simp¬ 
son, Phil. Trans. 1905, A, 205, 61). Balloon 
observations made by Flemming *(Zeitsoh. 
physikal. Chom. 1908, 9, 801) show that radium 
emanation is present even at a height of 3000 
metres. Thorium omanation exists principally 
in air taken from the soil or the lower layers 
of tho atmosphere (Gockel and Wulf, Physikal. 
Zeitsch. 1908, 9, 907). That it is not widely 
disseminated in tho air is probably 1 duo to its 
rapid rate of decay (Blanc, Physikal. Zeitsch. 
1908, 9, 294). The experiments of Dadourian 
(Physikal. Zoitsch. 1908, 9, 333) and of Wilson 
(Phil. Mag. 1909, 17, 321) indicate thivt air 
normally contains about 3700 times as much 
radium emanation as thorium emanation. « 

By passing air through a copper spiral cooled 
in liquid air, the emamg-ions are condensed, and 
may then be volatilised into an electroscope and 
the amount estimated by their effect in ionising 
tho contained air. Ashman (Amer. J. Sci. 
1908, 26, 119) has thus found in Chicago air 
an amount of emanation per cubic metr^ equal 
to that which would bo in equilibrium with 
about 1-OxlO -10 gram of radium. By absorb¬ 
ing tho emanations in charcoal and then 
volatilising them into an electroscope, Eve 
has obtained results of the same order— 
0 - 8 xl 0~ 10 gram for the radium equivalent of 
the emanation in the air of Montreal (Phil. Mag. 
1907, 14, 724), and has shown by numerous 
observations that the valuo is not affected by 
temperature, but that a deep cyclone with rain 
causes an increase, whilst anti-cyclonic conditions 
cause a decrease in tho amount of emanation 
(Phil. Mag. 1908, 16, 622). These results have 
been confirmed by Satterly (Phil. Mag. 16, 684). 

All investigators are agreed that these 
emanations arc the chief enne of the ionisation 
of air, but Wilson, by experiments on the effect 
of pressure on ‘ natural ’ ionisation of air enclosed 
m a metal cylinder, has shown (Phil. Mag. 1909, 

17, 216) that it is partly d5e to some pene¬ 
trating radiation the source of which is not 
in the soil (Pacini, Atti R. Aoad. Lincei, 1909, 

18, 123). Both Pacini and Wulf (Physikal. 
Zeitsch. 1909, 10, 152) have detected a double 
diurnal periodicity in the state of ionisation of 
the air. 

(See also Harvey (Physikal. Zeitsch. 1909, 
10, 46) and Runge (Chem. Soc. Abstr. 1908, il 

80).) 


ATOMIC WEIGHTS AND SYMBOLS OF THE 

ELEMENTS (0-16). 


Aluminium 



. A1 

27-1 

Antimony 



. Sb 

120-2 

Argon 



. A 

39-9 

Arsenic . 



. As 

71-98 

Barium . 



. Ba 

137-37 

Bismuth . 



. Bi 

208-0 

Boron 



. B 

10-9 

Bromine . 



. Br 

79-92 

Cadmium 



. Cd 

112-40 

Caesium , 



. Cs 

132-81 

Calcium . 



. C»° 

40-07 

Carbon . 



. C 

12-005 

Cerium . 



. Co 

140-25 

Chlorine • 


*. • 

. Cl 

35-46 
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Chromium 




. Cr 

520 

Cobalt . 




. Co 

58 - 97 

Columbium* 




. Cb' 

931 

Copper . 




. Cu 

63-57 

Dysprosium 




• Dy 

162-5 

Erbium «. 




. Er 

167-7 

Europium 




. Eu 

152-0 

Fluorine . 




. F' 

199 

Gadolinium 




. Grl 

157-3 

Galhum 




. Ga 

70-1 

Germanium 




. do 

72-5 

Glucinum 




. Cl 

9-1 

Gold 




. Au 

197-2 

Helium . 




. He 

4 00 

Holmium 




. Ho 

163-0 

Hydrogen 




. II 

1-008 

Indium . 




. In 

114-8 

Iodine 




. 1 

12692 

Iridium . 




ir - 

193-1 

Iron 




. Fe 

55-84 

Krypton . 



• . 

. Kr 

8292 

Lanthanum 




. I,a 

139-0 

Lead 




. Fb 

207-20 

Lithium . 




. Li 

6-94 

Lutecium 




. Lu 

175-0 

Magnesium 




• Mg 

24-32 

Manganese 




. Mn 

6493 

Mercury . 




• Hg 

200-6 

Molybdenum 




. Mo 

96-0 

Neodymium 




. Nd 

144-3 

Neon 




. Ne 

20 2 

Nicxdl 




. Ni 

08-68 

Niton 




. Nt 

222-4 

Nitrogen . 




. N 

14-008 

Osmium . 




. Os 

1909 

Oxygen . 
Palladium 




. O 
. Pd 

16-00 

106-7 

Phosphorus 




. P 

3194 

Platinum 

> 



. Pt 

195-2 

Potassium 




. K 

3910 

Praseodymium 




. Pr 

1409 

Radium . 




. Ra 

226 9 

Rhodium 




. Rh 

1029 

Rubidium 




. lib 

85-45 

Ruthenium 




. Hu 

101-7 

Samarium 




. Sa 

150-4 

Scandium 




. Sc 

44-1 

Selenium 




. So 

79-2 

Silicon . 




. Si 

28-3 

Silver 




• Ag 

107-88 

Sodium . 




. Na 

23-00 

Strontium 




. Sr 

87-63 

Sulphur . 




. S 

3296 

Tantalum 




. Ta 

181-5 

Tellurium 




. Te 

127-5 

Terbium 




. Tb 

159-2 

Thallium 




. T1 

2049 

Thorium 




. Th 

232-15 

Thulium 




. Tm 

168-5 

Tin 




. Sn 

118-7 

Titanium 




. Ti 

48-1 

Turigsten 




. W 

1849 

Uranium . 




. V 

238-2 

Vanadium 




. V 

519 

Xenon . 




. Xe 

130-2 

Ytterbium (Neovtterbium) 

. Yb 

173-5 

Yttrium . 




. Yt 

89-33 

Zinc ,. 



. 

. Zn 

65-37 

Zirconium 

. 


. 

. Zr 

90-6 


ATOPHAN. Trade name for 2-phenyl- 
quinoline^-carboxylio acid,* 


COOH 

00 - 

N 

Used as a uric acid eliminant and as an analgesic 
in the treatment of gout and sciatica. 

ATOXYL. Trade name for the mono-sodium 
salt, of p-aminophenylarsinic acid (Ehrlich 
and Bertheim). Forms a white crystalline taste¬ 
less, odourless ponder. So namod from its 
relatively low toxic action (v. Arsknicals, 
Organic.) 

ATRAMENTUM STONE. (Alramenlumsiein, 
Ger.) A product ot the partial oxidation 
of iron pyrites, consisting of a mixture of ferrous 
and ferric sulphates with free ferric oxide. Used 
in the manufacture of ink. 

ATRANORIN C ll{ U l8 0 8 is present in the 
lichens Eternia vulpina, E. prunasti i, E. fur- 
furacea , Lecanora atra, L, sordida , Parmelia 
perlata, P. physodes, P. tinctorium, Physcia 
stdlaris. Xanlhuria partetina, Cludonia rangi- 
formis, Stereocaulan vesuvinnum and others. 
It forms colourless prisms, m.p. .195°-197° C. 
(Zopf), 187°-188° 0. (Hesse), easily soluble in 
hot chloroform, soluble in alkalis with a yellow 
colour. 

According to Paterno, by heating with water 
to 150°, utranorm gives physciol (methyl- 
phloroglucinol) and atraric acid (betorcinol- 
carboxylic acid methyl ester), and these sub¬ 
stances are also obtained when atr&norin is 
heated with acetic acid in a sealed tube (Hesse). 

Physciol forms colourless needles, m.p. 
104°-105°, gives a blue-green colouration with 
ferric chloride, and possesses, according to 
Hesse, the constitution of a methyl-phloro* 
glucinol— 



Bttorcinol carboxylic acid methyl ester 
Cj 0 Hi a O 4 , crystallises in leaflets, * m.p. 140°- 
141° C., and gives a blood-red colouration with 
calcium hypochlorite solution. Digested with 
boiling hydriodic acid, it is converted into 
$-orcin (Stenhouse and Groves), c.H„<y 
according to the equation— 

CioH ll 0 4 +HI=CH > I+GO a +C g H 10 O i 


j 9-orcin {see also barbalic acid) is 1:4-dimethyl-* 
resorcinol. 

The constitution assigned to betorcinol 
carboxylic geid methyl ester is— 


CH, 

0 GOOCH, 
OH; 

CH, 


Heated with alcohol in a sealed tube atranorin 
gives, according to Paternb, hcematommic acid 
and hoematomminic acid ; but the researches 
of Hesso indicate that these compounds in 
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reality consist of hmnatommic acid methyl ether 
and betorcinol carboxylic acid methyl ether. 

IIasmatommic acid methyl ether C 10 H 10 O 6 
forms colourless needles, m.p. 147°, soluble in 
alkaline solutions with a yellow colour. With 
ferric chloride it gives a purple-red or purple- 
brown colouration. The ethyl ether, C u Hi a 0 6 , 
gives colourless needles, melts at 111°-112° 
(Hesse); 113°-114° (Zopf). It is represented by 
the formula— 

0-CH. 

™,A 

cooc 2 n 5 

When a solution of atranonn in dilute acetic 
acid is gently evaporated, atranonnic acid 
(Hesse) is produced. This compound is also 
present in the Cludonia jangtformis (Hesse) 
when gathered in December, but is absent from 
the lichen in summer. 

Atranorinic acid C ld U ]8 0„H a 0 forms 
colourless crystals, which are anhydrous at 
100°, and then melt at 157°. With ferric 
chloride it gives a dark brownish-red colouration. 
With hydriodio acid it gives ft-orcin, and when 
heated with alcohol yields carbon dioxide, 
physciol and fi-orcin. The constitutions assigned 
to atranorinic acid (1) and atranonn itself (2) are 
as follows:— 



CO—| 

I. II. 


References. —Patorn6 and Oglialaro 

(Gazzetta, 7, 280), Patemb {ibid., 10 , 157, and 
12, 257); Zopf (Annalen, 288, 38); Hesse 
(J. pr. Chem. 57, 280); Liidecko (Annalen, 288, 
42); Hesse (Annalen, 119, 305); Stenhouse and 
Groves (Annalen, 203, 302); Iiesso (J. pr. 
Cherai 1906, [ii.] 73, 113). A. G. P. 

ATRINAL. Trade name for atropine sul¬ 
phuric acid. 

ATROLACTINIC ACID r. Lactic acit>. 

ATROPAMINE. See under Tropeines. 

* ATROPINE v. Tropeines. 

ATROSCINE. Sec Hyoscine, under Tro- 

PETNES. 

ATTAR OF ROSES v. Oils, Essential. 

ATYROSYL. syn. for Asyphil. 

AUCUBIN v. Gluoosides. 

AUR AMI NE. I mi notetramdhyldiparami no-d t- 
phenylmethane hydrochloride, C^H.jNj.HCl.H-O, 
NMe I -C^ 4 C(NH)-C # H.-NMe > ,HCl,H a ()(Graebe), 
or Me l N C l H 4 *C(lvHj): 0 fl H 4 : NMe a Cl,H,0 
(Stock; Dimroth and Zoeppritz). According 
to Stock (J. pr. Chem. 47, 401 ? Ber. 1900, 
33, 318), and Dimroth and Zoeppritz (Ber. 1902, 
35, 984), the base has the constitution assigned 
to it by Gracbe (Ber. 1899, 32, 1678; 1902, 35, 


2615), but the hydrochloride and the other salts 
have the quinonoidstructureMe.N‘C 4 H 4 -C(NH l ). 
C t H 4 : NMe a Ci, and are to ne regarded as 
derivatives of triphenylmethane in which an 
amino- group ha* replaced one of the benzene 
residues. {Cf. Semper, Annalen, 1911, 381, 
234 .) 

Auramine, the first member of a series of 
yellow, orange-yellow, or brown dyes, is the 
hydrochloride of a colourless base obtained by 
the action of ammonia on tetramethyldiamino- 
benzophonone, and comos into the market either 
in the nearly puro form a3 Auramine O, or mixed 
with dextrin as Auramine I. and II. (Graebe, 
Ber. 20, 3264). Fohrmann (Ber. 20, 2847) pro¬ 
posed io restrict the name auramine to the * 
colourless base, but such a change would inevit¬ 
ably lead to confusion ; and Craobe (l.c.) has 
consequently adopted the name auramine-bafie 
for the base itself, using the term auramine in 
its usual signification. % 

Preparation. — (1) Auramine was originally pre¬ 
pared from tctramethyldiaminobonzophenone 
by dissolving it in somo indifferent solvent such 
as chloroform, carbon disulphide, hydrocarbons, 
&c., treating it with half its weight of 0 phos¬ 
phorus trichlorido or oxychloride, and adding 
excess of concentrated ammonia to the chlori¬ 
nated compound thus obtained (B. A. S. F., 

D. R. P. 27789). 

(2) Auramine can be prepared more econo¬ 
mically by heating totramethvldiaminobenzo- 
phonono with suitable ammonium salts, such 
as the chloride, acetate, tartrate, thiocyanate, 
&c., in tho presenoo of zinc chloride at 200* 
(B. A. S. F., I). R. P. 29060). Acetamide 
may bo empioved instead of ammonium salts 
(B. A. S. F., D. R. P. 38433), or the dye may 
be obtained by heating aniline hydroohloride 
with zinc chloride and carbamide, phenylcar- 
bamide, diphonylcarbamido, or carbanil (Ewer ° 
and Pick, D. R. P. 31936); but these alterna¬ 
tive methods have no practical importance. 

(3) At the prosont day, auramine is pre¬ 
pared by a method due to ,Sandmeyer (Eng. 
Pat. 12549, 1889; 16666, 1890) and Walker 
(J. Soc. Chem. Ind. 1901, 34), which consists 
in heating a mixture of tetramethyldiamino- 
diphenylmethane, sulphur, ammonium chloride, 
and sodium chloride in a current of dry ammonia. 

A modification of this method is described by 
J. Y. Johnson (B. A. S. F., D. R. P. 71320; 
Eng. Pat. 6249, March 23, 1893), in whioh tho 
tetramethyldiaminodiphenylmethane is replaced 
by dimethyl - tetramethyldiaminodiphenylme- 
thane obtained by condensing acetone and 
dimethylaniline (Ber. 1878, 12, 813). About 14 
kilos, of dimethyl-tetramethvldiaminodiphenyl- 
methane are mixed with 120 kilos, of salt, 6 
kilos, of sulphur, and 7 kilos, of ammonium 
chloride, and a stream of ammonia gas is passed 
tlirougL the mixture for eight hours at 175*. 
The mass is first washed with cold water to dis¬ 
solve away the salt and ammonium chloride, 
it is then dissolved in water at 70®, filtered, 
and the dye salted out, pressed, and dried. 
Auramine is also prepared by heating dimethyl- 
amino benzamide and climethvlaniliue with zino 
chloride at lG0°-200° (D. R. P. 77329). 

(4) Guyot (Compt. rend. 1907, 144, 1219; 

J. Soc. Chem. Ind. 1908, 679) has synthesised 

, auraminea by means of the oxalic esters. 
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Tetraaikyldiam inodiphenylgfyc olli c esters (J.Soc. 
Chem. Ind. 1907, 603) form neutral salts with 
aoids, the indigo-blue aqueous solutions of which 
reaot with ammonia even when dilute to furnish 
tetraalkyldiaminodiphenylamino acetic esters, 
according to the equation : 
(R a NC 6 H 4 ) 2 CCl*C0 2 R'+2NH # 

s =NH 4 Cl-f(R 2 N-C„H 4 ) 2 C(NH 2 )C0 2 R'. 
These now compounds are czo-carboxylic deriva¬ 
tives of the loucauramines, and possess all the 
properties of the latter. They dissolve in 
glacial acotic acid with an intonse blue coloura¬ 
tion, and condense with aromatic tertiary amines 
to form triphonylmethane derivatives. Thus 
ethylhexamethyltriaminotriphenvl acetate is 
produced by heating an equimolecular mixture 
of "dimothylaniline and ethyltotrarnothyl- 
diaminodiphenylaminoacetate in glacial acotic 
£&id on the water-bath for some minutes : 
(Me 2 N-C a H 4 ),C(C0 2 Et)-NH 2 +C 6 H 6 -NMo 2 

=(Me 2 NC fl R 4 ) 2 C(C0 2 El)C l H 4 NMe 2 -[-NTT3. 
When a diluto alkaline solution of tho amino- 
acetic ester is oxidised with dilute potassium 
ferrievanide solution in the cold, a quantitative 
yield qf the corresponding auramine is produced. 

Properties. —Auramine crystallises from 
water in yellow scales, which seem to consist of 
six-sided tables, and from alcohol in golden- 
yellow scales, melts at 207° (Graobe), carbonises 
at 265®-280° without previous fusion (Fohrmann), 
and is sparingly soluble in cold but readily 
soluble in hot water; tho tomperaturo of tho 
aqueous solution, however, must not exeood G0°- 
70®, otherwise decomposition ensues, with tho 
formation of ammonia and totramethyldiamino- 
benzophenone. On treatment with mineral acids, 
the aqueous solution undergoes a similar decom¬ 
position either sdowly in the cold or very rapidly 
on heating. Spectroscopically, auramine be¬ 
haves like most yellow dyes ; a hot concentrated 
aqueous solution, howover, Bhows two bands, 
one in the red and one in the groon, which 
become broader on dilution and finally coalesce, 
forming a bright broad band extending from tho 
middle of the red to the commencement of tho 
green (Graebe). On treatment in tho cold with 
ammonia, auramine (crystallised from alcohol) 
is converted into the colourless base C.AA, 
which melts at 136°, and is characterised by 
yielding with acids intensely yellow, and for tho 
most part crystalline salts, which dissolve in 
water and alcohol without fluorescence. Alka¬ 
line reducing agents, such as sodium amalgam, 
slowly decolourise the alcoholic solution of 
auramine, forming leucauramine C 17 H a »N 3 , a 
colourless crystal]me reduction compound melt¬ 
ing at 136°, w r hich dissolves in acetio acid with 
an intense blue colour owing to its decompo¬ 
sition into ammonia and tetramcthyldirimino- 
benzhydrol. 

Auramine dyos wool and silk direct, pro¬ 
ducing colours which are pure yellow and fairly 
fast to light and soap. Colton, for which the 
dye is ohiefly used, requires to be first mordanted 
with tannin and tartar emetic, and on this 
account auramino is useful for producing com¬ 
pound sjtades with other basic colouring matters, 
such M safranine, benzaldehyde-green, &c., 
whioh are fixed by the same mordant. (For 
farther information v. Koohlin, Wagner’s Jahr. 
1884, 1139.) 


Salts, Auramine hydrochloride 
HC1, is sparingly soluble in water, and has /*» 
904 at 25°; the palmitate O^Hj^Na.CuHjjOj, 
has m.p. 57°, the stearate has m.p. 68° (Gnohm, 
Roteli Zeit. Angew. Chom. 1898,487); the methyl 
sulphate obtained by the action of dimethyl 
sulphate on auramino, has m.p. 225® (Zohlon, J. 
pr. Chem. 1902, 60, [20] 387). 

Substituted Auramines. In addition to 
auramino, substituted auramine3 have also been 
prepared. Auramine G, obtained by treating a 
hot mixture of sym-dimethykliammo-di-o-tolyl- 
methano (from methyl o-toluidine and formal¬ 
dehyde) sulphur, ammonium chloride and salt 
with dry ammonia gas (Gnchra and Wright, U.S. 
Pat. 488430), has m.p. 120°, the picrate, has m.p. 
234°, tho sulphate m.p. 182®, the oxalate m.p. 
210°. Leitcauramine Q has m.p. 208®. 

Metaxylylauramine can be obtained by heat¬ 
ing an intimate mixture of 10 kilos, of tetra- 
mothyldiaminobcnzophonone and 23 kilos, of 
motaxylidine kydrftchloride for about 4 hours 
at 200° in an enamelled vessel provided with a‘ 
mechanical stirrer. Fusion takes place Blowly, 
and tho mass becomes reddish yellow in colour, 
assuming finally a greenish motallic lustre towards 
the close of tho reuetion, which is complete when 
a test specimen is almost entiroly soluble in 
water. Tho cooled mass is extracted with hot 
waiter, and the procipitated in orange-yellow 
flocks by addition of sodium nitrate to the 
filtered solution. 

Methylauramine MoN: C(C e lI 4 -NMe a ) a , m.p. 
133° (Zohlon, J. pr. Chom. 1902, 66, 387), the 
hydrochloride C 18 H 24 N,C1, has m.p. 225°, the pla¬ 
tan chloride (C l 8lI 24 N 3 Cl) 2 I > tCl e , m.p. 190°-200®, 
tho hydrobromide C l8 H„ 4 N 3 Br, m.p. 260°, the 
hydriodide C 18 H 24 N 3 I, m.p. 259°, forms a series 
of unstablo polyiodidos: the trichromate 
(C 18 H 24 N 3 ) 2 Cr 3 O 10 , m.p. 70°, tho thiocyanate 
Ci 8 fl 24 N,CNS, m.p. 213°-214°, and the picrate 
C 18 H 2 A,U B H 3 0 7 N 3 , m.p. 225®. 

Ethylauramine EtN: C(C 8 H 4 -NMe 2 ) a , from 
auramino ethyl iodide and zinc oxide (D. R. P. 
136016), m.p. 130®-131®, dyes mordantod cotton 
a pure yellow. 

Phenylauramine PhN: C(C,H 4 -NMe a ) a , pre¬ 
pared by heating totramethyldiaminodiphenyl- 
methane with aniline and sulphur at 200® (Feer, 
D. R. P. 53614); or by heating dime thy lamino- 
benzanilido with dimothylaniline and phosphorus 
oxychloride (D. R. P. 44077); has m.p. 172°; 
the hydriodide C 23 H 2 .N a ,HI, has m.p. 242® ; the 
methiodide CjjHjjNg.Mel, has m.p. 214°. 

Paraminophenylauramine NH a • C 4 H 4 N: 
C(C 4 H 4 -NMe 2 ) 2 (Finokh and Schwimmor, J. pr. 
Chem. 1894, 50, 401), has m.p. 221®-222°; the 
hydrochloride , m.p. 224® ; the picrate , m.p. 185°- 
186® (oorr.); the aiax,etyl derivative has m.p. 194®- 
195°; the triacetyl derivative has m.p. 257°- 
258° ; monobenzoyl derivative has m.p. 117°; ana 
the iibcnzoyl derivative has m.p. 180°-181®; 
paraphenylcnediauramine C„H 4 [N: C(C 4 H 4 - 
NMe 3 ) a ] 2 , has m.p. 311®-312®. 

Orthamlnophenylauramine, m.p. 199®-200°, 
forms a picrate, m.p. 220°-221®, and a benzoyl 
derivative, m.p. 236®-237°; orthophenylene- 
diauramine has m.p. 305°. 

p-Tolylauramlne, obtained by heating te- 
trarnethyldiaminodiphenylmethane with p- 
toluidino and sulphur (D. R. P. 53614), or from 
dimethylaminobenzo - p - toluidino, dimethyl* 
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aniline, and phosphorus oxychloride (D. R. P. 
44077), has m.p. 178°. o-Tolylauramlne similarly 
prepared to the p- compound has m.p. 173®-174 6 , 
a - naphthylauramine (Me 2 N-C 8 H 4 ) 2 C: NC 10 H 7 
(i). R. P. 44077), has m.p. 225°. /8-naphthyl- 
auramine (Me a N-C 6 H 4 ) 2 C: N-C 10 H 7 (D. R. P. 
44077), m.p. 179®-180*. Benzylauramine 
C e H,-CH 4 -N:C(C 8 H 4 -NMe 2 ) 2 (D. Li. P. 136616) 
from auramino benzylchloride and magnesia, 
has m.p. 116°. Benzoylauramlne (Finekh and 
Schwimmor, J. pr. Uhem. 1894, CO, 401) NBz: 
C(C a H 4 -NMe S! ) 1 j, has m.p. 179° (corr.). 

M ethylphenylaur amine hydrochloride, dc- 
phenylauramine, and pentamcihylencauramine 
have been doscnbed by Stock (Bor. 1900,33, 318 ; 
J. pr. Chem. 47, 401-413). The following com¬ 
pounds, closely related to the naphthylaurammes, 
form the subjoot of a patent (1). It. P. 44077): 
letraethyldiaminodiphcnyhiiethylene - a - naphthyl - 
amine (Et 3 N-C 8 H 4 ) U : N-C 10 H 7 , m.p. 157®- 
158®; dimethyldi dhyldiamiftod iphcnyl methylene- 
'a-naphthylaminc (Mo 2 N-C c H 4 ) (Et 2 N : C„U 4 )C : N* 

C, 0 H 7 , m.p. 177°-178°; Ictraethyldiaminodi- 
phenyhnethylene-$-napkt}njlamine(Ei. i ^'C i R i ). i C: 
N-G 10 H 7 , m.p. 155°; dimethyldiethyldiaminodi- 
phenylmelhylene-&-naphthvlamine (Me >N-C«H 4 ) 
(EtjN-CgHJC: N-C 10 H 7 , m.p. 163®-164®. 

The substituted aurammos dyo silk and 
wool, and also cotton alter#mordanting vjitli 
tannin. The shades produced on cotton are, 
however, distinctly reddish or brownish-yellow 
compared with the pure yellow produced by 
auramino itself; for example, the auramines 
from ortkotolwidino, metaxyhdine and cumi- 
dino hydrochlorides dyo cotton golden-yellow; 
the se from aniline and paratoluidine dye orange- 
red, that from metaphenylcnodiamine dyes 
orange-brown, and those from a- and 0-naphth vl- 
amine dye brownish-yellow shades (B. A. S. F. f 

D. R. P. 29060 ; Fehrrnann, Ber. 20, 2852). 

AURANTIA ( Kaisergelb ) is the commercial 

name of tho ammonium salt of hexanitro- 
diphenylamino. 

Hexanitrodiphevylamine NH[C fl IT 2 (NO ; ) 3 ] 2 is 
obtained by troat mg diphenylamine or mothyldi- 1 
phenylamine with nitric acid, and, after tho first 
vigorous action has subsided, heating to com¬ 
plete the reaction. Tho product is then ex¬ 
tracted with water to removo any resin or picric 
acid associated with it, and finally crystallisod 
from acetic acid. 

It forms bright-yellow prisms, melts at 238° 
with decomposition, but can be sublimed in 
yellow needles by careful heating, and is almost 
insoluble in water, more soluble in alcohol, and 
easily soluble in ether. It readily yields salts, 
^and the ammonium salt (aurantia) crystallisos 
*in lustrous brown-red needles, although coift- 
mercially it is obtained as a brick-rod powder 
which dissolves in water and dyes silk and wool 
a beautiful orange colour (Gnehm, Ber. 7, 1399 ; 
9, 1245; cf. Townsend, Ber. 7, 1249; Mertena, 
Ber. 11, 845). Aurantia is used chiefly as a dye 
for leather (W. J. 1877, 1002). Like hoxanitro- 
diphenylamine, it is very explosive, but any 
danger may be avoided by moistening it with 
glyoerol (W. J. 1876, 996). According to 
Onehm (Ber. 9, 1246, 1557) and Bayer & Co. 
(W. J. 1877, 879), aurantia produces skin 
eruptions; Martius, however, contends that 
this effect is due to idiosyncrasy, and quotes the 
opinions of Salkowski and Ziureck in support 
V VOL. 1.—T 


of his statement (Ber. 9, 1247), and the question 
appears to have reoeived a solution in this sense 
in Germany, since the ministerial order of 
November 8, 1877, prohibiting its manufacture, 
was cancelled in June, 1880. 

AUR1N and ROSOLIC ACID v. Triphenyl- 

METHANE COLOURING MATTERS. 

AUROCANTAN. Cantharidylothylenedia- 
mine aurocyanide. 

AUROCHIN. Quinine p-aminobonzoate, 

AURUM MUSIVUM or M0SAICUM. Mosaic 
/old. Made by triturating an amalgam of 2 
parts tin and 1 of mercury with 1 part sal 
ammoniac and 1 of sulphur, and subsequently 
subliming. Used as a bronzing powder for 
plaster figures (v. Bronze powders). , 

AUSTENITE. A solid solution of carbon in 
iron, of variable composition; is a constai^ 
constituent of steels containing 1 *1 p.c. of carbon 
or more when cooled rapidly from a temperature 
of 1100°-1500°. It may bo obtained pure 
by quenching a steel containing 0’93 p.c. carbon 
and 14)7 p.c. manganese from 1050° in ice- 
water (Mauror, Metallurgie, 1909, 6, 33). Steels 
containing 13 p.c. of manganese or 25 p.c. of 
nickel contain only austenite, and are solt and 
non-magnetic. 

Under the microscopo austenite is recognised 
by its softness as compared with * martensite ,’ 
with winch it is usually associated; by its. 
structureless appearance and by the brightness 
of an etched, polished section (Le Chatelier, 
Revue de Metallurgie, 1904). 

AUSTRALENE v. Turpentine. 

AUSTRIAN CINNABAR. Basic lead chro . 

mate (v. Chromium). 

AUTAN. A mixture of solid (polymerised) 
formaldehyde and the dioxideg of barium or 
strontium, usod in the disinfection of living- 
rooms. On mixing the powder with water, a 
rapid disengagement of formaldehyde vapour, 
mixed with oxygen, occurs. 

AUTOCLAVE. An apparatus constructed on 
the principle of Papin’s digester, for heating 
liquids at temperatures abovtjs their boiling- 
points. Autoclaves are usually made of cast- 
iron or steel, occasionally of copper, and in some 
cases of sheet-iron or steel. Cast-iron auto¬ 
claves are sometimes 
strapped with steel rings 
tor greater security. 

They are often enamel¬ 
led or lined with sheet- 
tiu, lead, copper, or zinc. 

Metallic linings are now 
soldored rigidly to the 
surface of the autoclave. 

They are liSed with a 
pressure gauge and 
safety valve, and tubes 
for tho insertion of ther¬ 
mometers, and are Fia. L 

usually closed by a 

scrow or flanged cover, working against a 
washer of load, aluminium or copper, and 
are boated either by steam, direct fire, 
electrical heaters, tho circulation, of hot oil, 
or in a bath of molten lead. They are tested 
beforo use at (at least) twice their working 
pressure by means of a hydraulic test pump. 
Occasionally they ^re provided with agitators 
working through stuffing boxes, in order to 

2 F 
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ensuro thorough mixing of the contents when 
heated. 


Fig. 2. Fig. 3. 

Figs. 1, 2 and 3 illustrate the types of 
apparatus for pressures of 20 or 30 atmospheres, 
but when very high pressures are employed 
(100 atmos. or more) a tubular design, Fig. 4, 
is more satisfactory both in cost and ease of 
manipulation. Autoclaves working ab about 
10 atmos. are usually of rivetted steel plates, 
and follow ordinary steam boiler practice. 
Welding is not as reliable as rivctting, and must 
always be viewed with suspicion in this class of 
plant. It is obvious that the ordinary safe 
working stresses adopted by mechanical engineers 
are not suitable for designing autoclaves. 

Considerations relating to the effect of 
temperature and chemical action may arise, 
in the case of cast metal autoclaves the greatest 
care in design, in selecting the material, and in 
easting to minimise internal stresses must be 
taken. When 'treating liquids, suitable pipes 
for admission and discharge may make it 
unnecessary to remove the cover under ordinary 
circumstances, but when solid substances are 
charged, the mechanical problem of repeatedly 
making a tight joint presonts itself. Extension 
of the cover bolts under stress and heat must be 
considered to avoid leakage under the worst 
working conditions. 

The joint is usually made by means of a 
tongue in the cover pressing on a soft metal 
ring in a groove made in the llange of the body. 
A bfDad surface is unsuitable and in the case of 
a copper ring, a bearing area not more than 
one-eightb inch wide is usually satisfactory at all 
pressures. Such a joint may be remade 
Hundreds of times without failure. On account 
of its high elastic limit, nickel steel is the most 
suitable material for both bodies and bolts of 
high-pressure autoclaves, and bj^the use of 
suitable protective linings can generally be 
adapted for any chemical process. 

When a loose container, as shown in Fig. 2, 
is employed, the space between the body and 
the container should be filled with a liquid 
(paraffin wax is generally most suitable) to 
improve the rate of heat transference. 

J. W. H. 

AUTOLYSIS. A physiological term signi¬ 
fying seij-destruction, and used to indicate the 
destructive changes (apart from putretaotion due 
to micro-organisms) which occur in cells after 
death or removal from the living body. These 
Changes are due to the action of intra-cellular 


enzymes, and are analagous to those which 
occur in digestion ; indeed the term auto-digeB- 
tion is sometimes employed. The study of such 
changes is important be¬ 
cause it is believed that 
the change after death, 
when the cells are still 
‘ surviving ’ for a time, 
are identical with those 
which occur during life 
and result in the forma¬ 
tion of waste substances, 
the products of vital 
activity. Luring life, 
however, the destructive 
changes are counter¬ 
balanced by changos in 
the opposite direction by 
which the cells build 
thomselves up from food 
materials to repair 1 their 
wear and tear. Assimi¬ 
lation of this kind is 
obviously impossible after 
I death. 

AUTUNITE or CAL- 
CO - URANITE. A 

mineral consisting of 
hydrated phosphate of 
uranium and calcium 

ra(U0 2 ) 2 lYV8H 2 0, 

which within recent years 
has been somewhat ex¬ 
tensively minod as an ore 
of uranium and radium. 

It is a member of the 
i8omorphous group of 
minerals known as the 
‘ uranium micas,’ which 
crystallise in square, 
tetragonal (or very nearly 
square, orthorhombic) 
plates with a perfect 
micaceous and pearly 
cleavage parallel to their 
surface. In the ortho- 
I rhombic autunite the 
colour is characteristically 
sulphur-yellow, or some¬ 
times with a greenish 
tinge, so that this mineral 
is readily distinguished 
from the emerald-green 
torbernite or eupro-ura- 
nite. Sp.gr. 3T; II. 2-2$. 

Tt occurs as an altera¬ 
tion product of pitch¬ 
blende, and is often found 
as a scaly encrustation 
on the joint-planes of ®' 10 * ^ 

weathered granite or gneiss. The more im¬ 
portant localities are St. Symphorien, ^near 
Autun in France (hence the name autunite); 
St. Just, Redruth, and Grampound Road in 
Cornwall; Johanngeorgenstadt and Falken- 
st^in in Saxony ; Black Hills in South Dakota; 
Olary and Mount Painter in South Australia; 
and Sabugal, near Guarda in Portugal. At 
the last-naihed locality several mines have 
recently been opened up ; the crude ore is here 
leached with sulphuric acid, and the extracts 
sent to Paris for further treatment, J. & 
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AOXOCHROME v. Coloub and Chemical 
C orfSTmrriou. 

AVA or Kava-kava. The root of Piper 
methysticum (Forst, f.), growing in the islands 
of the Pacific. It is taken as an intoxicant by 
the natives, and is used as a drug on the Con¬ 
tinent. It is often adulterated with matico 
and annatto (Pharm. J. [3] 7,149). 

AVENTURINE or AVANTURINE. A variety 
of quartz found at Capa de data, Spain, spangled 
throughout with minute yellow scales of mica, 
is known as aventurine quart/.. An aventurine 
felspar or sqnstone is found at Tvedestrand, 
Norway. It is used for ornaments. 

Artificial aventurine, or glass, or gold fuse, 
was manufactured for a long period at the glass¬ 
works of Murano, near Venice. It may bo pre¬ 
pared by adding to 100 parts of a not too re¬ 
fractory glass, 8 to 10 parts of a mixture of equal 
parts of ferrous and cuprous oxides, and allowing 
the mixture to cool very slowly so as to facilitate 
the formation of crystals. 

Aventurine glaze for porcelain, invented by 
Wohler (Annalen, 70, 57), is prepared by finely 
grinding 31 parts Halle kaolin, 43 quartz sand, 
14 gypsum, and 12 porcelain fragments ; making 
the whole into a paste with 300 parts water, and 
adding successively 19 parts potassium dichro- 
mate, 47 lead acetate, 100 ferrous sulphate, and 
sufficient ammonia to precipitate the whole of 
tho iron. After the soluble potash and am¬ 
monium salts have been washed out, the glazing 
is ready for use. 

AVIGNON GRAINS. The seeds of Rhamnus 
infectorius, employed in dyeing for the produc¬ 
tion of yellow colours {v. Jlhammn , art. Xan- 
thobhamkin). 

AVOCADO PEAR or ALLIGATOR PEAR. 

The fruit of Verst r gratissima , a tropical product. 
The fruit, which usually weighs from 4 to 6 
oz., consists of rind (about 8 p.c.), flesh (67 p c.), 
and a large 4 stone ’ or ‘ pit ’ (about 25 p.c.). 
According to Prinscn-Geerlmga (Chem. Zcit. 
1897, 21, 715), the flesh contains : 

Glucose Fructose Saccharose Total sugar 
0-40 0-40 0-86 i‘72 

The flesh, which lias a nut-like flavour, is 
usually oaten with pepper and salt. An analysis, 
made bv Jamieson ((hem. News, 1910, 102, 61), 
gave: 

Water Ether extract Protein Sugar Fibre Ash 
66-9 10-6 5-7 M 4-0 2*0 

' The ether extract was green, and contained 
about 4 p.c. of resins. After their removal, an 
oil, resen bling that >f bergamot, waB obtained, 
which had an iodine value of 29*9, and saponi¬ 
fication value of 207. La Forge (J. Biol. Chem. 
1916, 24) found that the sugar present in the 
pulp of the ripe fruit could be extracted with 
water and crystallises from dilute alcohol in 
hexagonal prisms, m.p. 152°. It is non-ferment- 
able and not oxidised by bromine, and is probably 
mannoketoheptose. H. 1. 

AVOCADO PEAR, OIL OF. An oil obtained 
from the oleaginous fruit of the Per sea gratissima. 
Hofmann stated that for the purposes of the 
soapmaker this oil would be as Y a ^ ua ^ e as 
palm oil. 

AWAL or Tarwar. An Indian drug, the 
bark of Cassia auriculata (Linn.) (Dymook, 
Pharm, J. [3] 7, 977). 


AWLA v. Amlaki. 

AXIN. • A waxy secretion of a Mexican 
rhynchotrouB insect Llavcta axinus which feeds 
on Spondias lutea, Xanthoxylum Clava-lerculis, 
and X. pentanome: has the consistenoe ok buttet, 
the smell of rancid fat, and a yellow colour. 
Melts at 38°, and is soluble in hot alcohol and 
ether. Rapidly absorbs oxygen from the air, 
becoming brown, hard and insoluble in 
alcohol and ether. Is reulily saponified, yield¬ 
ing axmic acid and glycerol It resembles 
Japan lao and forms an excellent lacquer for 
wood, metals, and pottery (Bocquillon, J. Pharm. 
Chim. 1910, 2, 406; J. Koc. Chem. Ind. 29, 
1320). 

AXINITE, A complex borosilicate of alu¬ 
minium, calcium, iron and manganese. Various 
formula) have been proposed: W. E. Ford 
(1903) gives R" 7 R/" 4 B 2 (!$i(L) 8 , where R"=Ca, 
Fe, Mn, Mg, Hg, and R"'=A1, Fe. According to 
W. T. Schaller (1909) the composition is ex¬ 
pressed as isomorphous mixtures of 4 ferro- 
ttxirnte ’ 4( 4 aO-2Fe()*2Al a O $ ‘B 8 U 8 , 8SiO t -Hj|0, 

and 4 manganaxinite ’ 4Ca0-2Mn()-2Ar a () 8 -B a 0 8 . 
SSiO a H a <). The mineral contains 5-6 p.c. 
•W Crystals are triclinic with a chai&eter- 
lstic axe-shaped habit, hence the name. The 
colour is usually clove-brown, lmt may be 
yellowish or greenish. 1)3■03-3*36,H6J-7. 
Axinite occurs in crystalline schists and meta- 
morphie rocks at many localities. Fine crystals, 
suitable for cutting as gem-stones, are not un¬ 
common from Bourg d’Oisans, ls 6 re, France, 
and large groups of crystals come from Japan. 
In the metamorpbic rocks surrounding the 
granite mass of Bodmin, m Cornwall, massive 
axinite and aximte-rock are of abundant 
occurrence (G. Barrow, Mineralyg. Mag. 1908, 
xv. 113 ; Geology of Bodmm and St. Austell, 
Mem. Geol. Survey, 1909). 

Tourmaline ( 7 . 1 *.), another complex boro¬ 
silicate containing rather more boron (B a 0 8 9-11 
p.c.), is also of common occurrence under the 
same conditions in Cornwall. It is possible that, 
these occurrences may be of us # ; as a source of 
boron. L. J. S. 

AZADIRACHTA, Margnsa , or Nlm. The 
bark of the nfm Iree, Mclia indica (Brandis) 

[ M. Azadirachta], is commonly used in India as 
a tonic and febrifuge It coni a ins a bitter resin. 
An oil, used in medicine and for burning ia 
oxpressod from the seeds, which on saponifica¬ 
tion yielded 35 p.c. of fatly acid melting at 30°, 
anu 1)5 p.c. melting at 44°. 

AZAFRAN or AZAFRANILLO. The root of a 
plant obtained from Paraguay, belonging to the 
family of the Scrophularinceai, used to colour 
fats. Contains about l p.c. of a dyo ( azafrin) 
easily extracted by boilifig benzene. Forma 
orange-red crusts of microscopio needles, 
m.p. 214°. Does not contain nitrogen or 
methoxy- or ethoxy- groups; one hydroxyl 
group is shown by Zerewitinoff’s method. Dvea 
wool yellow, and forms yellow to orange lakes 
with Scheurer’s mordants; wool extracts the 
whole of the dyo from a hyposulphite vat. 
Gives a fine blue solution in concentrated sul¬ 
phuric acid, which becomes violet on*adding 
alcohol (Liebermann, Ber. 1911, 44, 850). It is 
not identical with blxin, as conjectured by van 
Hasselt, in spite of the similarity in their re¬ 
actions. The acid reactions of azafrin afford * 
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good examplg of halochromism. Methyl-azafrin, 
obtained by the action of dimethyl-sulphate, 
gives a series of salts parallel with those of the 
parent substance (Liebermann and Schiller, 
Ber. 19*3, 46, 1973). 

AZELAIC ACID. Lepargylic acid. C0 2 H- 
(CH 2 ),-C0 2 H. It is obtained by oxidising 
Chinoso wax (Buckton, J. 1867, 303), cocoanut 
oil (Wirz, Annalcn, 104, 261), or castor oil (Arppe, 
Annalen, 124, 86) \V'ilh nitrio acid; by tho 
oxidation of oleic acid with potassium pcrman- 

f anate and caustic potash (Ehmed, Chom. Soc. 

'rans. 1898,627), and by the oxidation of keratin 
(horn shavings) with permanganate (Lissizin, 
Zoitsch. physiol. Chem. 1009, 226). It is formed 
together with other products when fats or oleic 
acid become rancid (Scala, Chom. Zontr. 1898, 
if 439). It has been synthosisod from penta- 
methylene bromide and sodium acetoacetate 
(Haworth and Perkin, Chem. Soc. Trans. 1894, 
86), and has been obtained by decomposing the 
ozonide of oleio acid (Molinari and Soncini, 
Bcr. 1906, 2735; Harries and Thieme, ibid. 
1906, 2844; Molinari and Fenaroli, ibid. 1908, 
2789).^ It is best prepared by oxidisyig with 
potassium permanganate an alkaline solution 
of rioinoleic acid obtained by the hydrolysis of 
castor oil (Maquenne, Bull. Soc. chim. 1899, 
(iii.) 21, 106; Hazura and Criissner, Monatsh. 
9, 476). Azelaio acid crystallises in colourless 
plates, m.p. 106-2® (Massol, Bull. Soc. chim. 
13} 19, 301), and is readily soluble in alcohol, 
Jess soluble in watei or ether. By heating 
aeelaio acid with soda lime, azelaone (cyclo • 
nonanohe) C,H 14 0, b.p. 206° (circa), is obtained 
(Miller ana fschitschkin, Chem. Zentr. 1899, 
ii. 181); Harris and Tank (Ber. 1907, 4655) 
have shown that a complex mixture of cyclo¬ 
ketones is obtained by distilling the calcium 
salt of azelaio acid. Azelaic anhydride is 
obtained by heating azelaic acid with 7-8 pts. 
of acetyl chloride. It melts at 5G®-57° (Etaix, 
Ann. Chim. Phvs. [7] 9, 399). 

AZELAt)NE t>. Azelaic acid. 

AZIDINE BLACK, -BLUE, -BORDEAUX, 
-BROWN, -FAST RED, -FAST SCARLET, 
-GREEN, -ORANGE, -PURPURINE, -YELLOW, 
-VIOLET, -WOOL BLUE i>. AZO- COLOURING 

MATTERS. 

AZIMINOBENZENE v . Diazo compounds. 

AZIMINONAPHTHALENES t>. Diazo COM¬ 
POUNDS. 

AZINES (Qulnoxallnes). Azonium bases, 
and colouring matters derived from them. 

Definition. —The term * azines ’ has been 
given to a group of organic bases, which contain 
m their molecule as an intrinsic part of their 
constitution a heterocyclic hexagonal ring, built 
up of four oarbon and two nitrogen atoms, 
arranged in such a maimer that the nitrogen 
atoms stand in para-position to euch other, 
whilst the four carbon atoms are disposed in 
two pairs between them, thus: 


c/ N V 



The term ' azine,' first proposed by Merz, is 
not happily chosen, and is* even misleading, as 
& «pws into the names of other nitrogen 


compound? of a different constitution, such as 
the hydrazines. 

Ihe name 1 quinoxaline * was given by 
Hinsberg to compounds which also correspond 
with the above definition. It was, therefore, con¬ 
sidered for some time as synonymous with the 
word ‘azine,’ whiih latter was, however, more 
frequently used. In later years it has become 
customary to distinguish between the two terms, 
and to use them for the two tautomeric forma 
in which these bases occur (see Theory).' 

The name ‘ azonium bases * haB been given 
by Witt to a class of organic bases, derived from 
the azines by the linking of an organio radicle to 
one of the nitrogen atoms, whereby this atom 
passes from the trivalent into the pentavalent 
state, a process which results in a very marked 
change of the properties of the substance. 

Both the azines and azonium bases posses# 
the nature of powerful chromogens, the hetero¬ 
cyclic ring above mentioned being endowed with 
strong chromophorio properties. Being highly 
basic and capable of assuming a quinonoid struc¬ 
ture {set Theory ), they, and especially the 
azonium bases, possess to some extent the 
nature of dyestuffs, which is, however, much 
more strongly developed by the introduction of 
separate auxochromic groups. A very large 
number of powerful colouring matters of great 
intensity, variation, and purity of shade may 
thus be obtained, some of which have acquired 
considerable practical importance. According 
to their constitution, which is in almost all cases 
completely cleared up, they have been classified 
into groups, which have ieceived the name# 
eurhodines, eurhodols, safranines, sa- 
franols, aposafranines, indulines, and 
fluorindines. 

The investigation of the azines and their 
derivatives, which was accomplished by a num¬ 
ber of chemists during the last 20 years of 
the nineteenth century, has been of considerable 
importance in the development of our present 
views on the constitution of colouring matters, 
and especially in the adoption of the modem 
quinonoid structural formulae for the great 
majority of them. 

History .—The two simplest and most 
typical members of the azine group, diphenazine 
and dinaphtazine, have been known for many 
years as : azophenylene ’ (Claus and Rasenaok, 
1873; Annalen, 168, 1) and ‘naphtaae - ’ 
(Laurent, 1835; Ann. Chim. Phys. 59, 384), ,, 
but their constitution was not properly under¬ 
stood and their importance not recognised. 
Merz (1886, Ber. 19, 725) finally proved the 
constitution of the former, which had been in¬ 
sufficiently substantiated by Claus, and pro¬ 
posed for it the name diphenazine ; Witt (1886, 
Ber. 19, 2791) determined the true nature of 
‘naphtaso.’ In 1884 Hinsberg (Ber. 17, 319) 
described a general method for preparing his 
I quinoxalines, which proved moat fruitful in the 
| further jievelopment of the subject. Other 
general methods were discovered by Witt, Merz, 
Japp, Ullmann, and otheri. 

The first eurhodines were prepared by Witt 
in 1879 and 1885. He recognised that they 
formed a new class of dyestuffs, and also 
that they were related to the safranines. He 
I determined their constitution in 1886 (Ber. 19, 

! 441) by showing that they are the amino* derive* 11- * 
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The aainm are members of (he aromatio 
series. If we coosidy them as such* u e rocoguiae 
at oaoe a strong analogy to other subatanoea 
whioh contain beterocyclio rings linked to 
aromatio radiclea, auoh as: 

0 • 


(Y 

\Ac. 


tives of the azinea or quinoxalinos. At the 
same time he discovered the first eurhodol. The 
natural consequenoe of this discovery was the 
clearing up of the nature of the safranines, 
which were recognised in the same year simul¬ 
taneously and independently by Witt, Nietzki, j 
and Bemthsen as diamino- derivatives of the ] 

(then hypothetical) azonium bases. The first 
representative of this new class of bases was 
prepared in 1887 by Witt (Ber. 20, 1183). 

The subjeot was now taken up and rapidly 
advanced by many chemists, amongst whom 
Nietzki and his collaborators, Jvehrmann, 

Ullmann, and their collaborators, may be cited. 

Otto Fischer and Hepp also did a considerable 
amount of work in this domain, and especially 
in the investigation of the indulines and apo- 
•afranines. 

The typical indulines and safranines have 
been discovered by purely empirical methods 
in the early days of the colour industry. The 
simplest representative of * the group, phtno- 

aafranine, was prepared by Witt in 1877. Its ] all of which are chromogens, like the Mines. 
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phenylatcd derivative is mauveine, the first arti¬ 
ficial dyestutl prepared by W. II. Perkin m 1850. 

Theory .—It has been already stated that 
the essential part of the molecule of an azino is 
the heterocyclic ring consisting of two atoms 
of nitrogen and four of carbon. Each of these 
six atoms has chree valencies engaged in The 
formation of the ring ; the nitrogen atoms have, 
therefore, no free, .valencies left (so long as they 
remain in the trivalent condition), whilst each 
of the carbon atoms has one valency free to be 
saturated by hydrogen or another monovalent 
element or radicle. The simplest possible com¬ 
pound of the kind would thus have the formula 
C 4 N 2 H 4 . It seems * natural to suppose that it 
would be the prototype of all the azines. 

Such a compound exists and is well known. 
It has received the name pyrazine. Many 
derivatives of it, formed by the substitution of its 
hydrogen atoms by monovalent organio radicles 
are also known : they form the large and well- 
investigated class of the ketine or aldme bases. 
But neither pyrazine itself (which in its properties 
resembles pyridine, to which it stands in the 
same relation as pyridine stands to benzene) nor 
the ketines show any resemblanee to the typical 
azines. They exhibit no colourations, nor do 
they form any derivatives which have the nature 
of dyestuffs. For this reason pyrazine and the 
ketines are no longer considered as belonging to 
, the azino group. 

The characteristic properties of the azines 
only appear in compounds in which at least 
one other ring system is linked to the pyrazine 
ring, in such manner that one of the C,-groups 
of the latter becomes part of an aromatic 
radicle. The process may be repeated. Thus 
the simplest representatives of the azine group 
would be compounds of tho following type :— 

( /V' N \/ H AAA 

\h Wv® 

Phenazine. Diplieaazlne. 

The nomenclature of the true azTnes has been 
chosen aooordingly. The aromatia radicle or 
radicles linked to the oentral (or ‘ meso -’) ring 
are prefixed to the syllables -azine. 


If wo consider the manner in whioh the six 
atomicities of tho two nitrogen atoms contained 
in the meso- ring of an azine may be disposed, we 
recognise two possibilities which are repre¬ 
sented in tho following structural formulas of 
diphenazine:— 

N/N/Y 

i i i 


KJ 

AAA? 

up • 1 ^ 



W 

n. 

Formula I. is the one first proposed by Claus 
for his k azophenylone,* and by Merz for his 
azines; II., the one suggested by Hinabergfor his 
quinoxalinos. Practically, there is no difference 
between azines and quinoxalinos; they form 
one group; but it has been for a long time 
a matter of opinion which of the above 
formulas was more adapted to the properties of 
these substances. Formula I. explains by its 
perfect symmetry the extreme stability of the 
azines, the fact that they may all be distilled 
without the slightest decomposition at extremely 
j high temperatures. Formula II., on the other 
J hand, is distinctly (ortho-) quinonoid, and con¬ 
sequently suggestive of chromogenio proper¬ 
ties. 

The existing difference of opinion as to tho 
constitution of the azines has been finally dis¬ 
posed of by the admission that the azines are 
undoubtedly tautomeric, capable of assuming 
either of the constitutions, 1. and II., accord¬ 
ing to circumstances. In their free state, in 
which they are volatile and almost colourless, 
they possess the symmetrical (azine-) constitu¬ 
tion I., whereas in their intensely coloured salts 
they have more probably the asymmetrical, 
quinonoid (quinoxaline-) constitution IL In the 
colouring matters derived from the azines, the 
case is frequently complicated by tho fact that 
; the auxochromio groups participate in the 
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formation of the quinonoid constitution, which, 
that moans, may become para- as well as 
ortho-qmnoid. Sometimes* it is difficult to 
decide between the existing possibilities. 

Synthetical methods for the production of 
azines, gnd their derivatives and description of 
some typical representatives of the group. 

I. Azines. (a) Synthetical methods. (These 
will be referred to in tho description of typical 
representatives by their number.) 

1. By heating a-nitronaphthalene with 
powdered quicklime, Laurent (Ann. (,'him. Phys. 

69, 384) 'obtained ' dinaphthazine, which ho 
called naphthaso. Doer (Ber. 3, 291) and 
Klobukowski {Ber. 10, 673) modified tho method 
by replacing the quicklime by zinc-dust. Schi- 
chuzky (J. R. 6, 2JG4) used lead oxide. 

Wohl and Aue (Ber. 34, 2443) observed (1901) 
tjjiat nitrobenzene gives considerable quantities 
of diphenazine on being heated with strong 
caustic soda, a reaction which is practically 
identical with the one discovered by Laurent. 

2. Claus and Rasenack (AnnaJen, 108, 1) 
obtained ‘ azophenylene * (diphenazine) by the 
dry distillation of orthoazobenzoic acid in the 
shape ^of its calcium or potassium salt. Claus 
proposed tho azine formula for his product, but 
failed to afford convincing proofs for it. 

3. A general method of great applicability 
was indicated by Hinsbcrg (Ber. 17, 319; 18, 

1228), who showed that whenever an alpha- oi 
or/Ao-diketono reacts on an aromatic ortho¬ 
diamine, tw r o molecules of w r ater are given off 
and an azine is formed. The method was first 
applied to the production of phenazine : 

/H 


(jCo H 2 N—; 


„/ N \ 


=2H 2 0+ 


C=0 + H a N-l i ‘ ' HC. , 

\ H V W 

Olyoxal. o-Phenylcnediamine. Phenazine 

(qumoxaliue). 

It works in most cases so well, that it has been 
recommended by its author (Annalen, 273, 313, 
371) as the best method of identifying either an 
orthodiamino or an orthodiketono. Very small 
quantities of the ingredionts are necessary, and 
the azine formed is easily recognised by its 
melting-point and sulphurio acid reaction. 

Hirikberg’s reaction may be extended to 
nitroso-/3-naphthol, which is in reality the 
oxime of ortho-naphthaquinone. Ullmann and 
Heisler obtained (Ber. 42, 4263) naphthaphon- 
azine by heating ortho-pkenylenediarmne hydro¬ 
chloride with nitroso-ff-naphthol: 

>NOH *•», , 

Y + 1 ) + HC1 

Nitro8O-0-naphthol. Orthophenylene diamine. 


\/\ + H a 0 + NHjOH-HCL 
Hydroxylauiine 
hydrochloride. 

Naphthaphenazine. 

4 . Tho method of Merz* (Ber. 19, 725) is of 



; Ios ® general application. It consists in the 
action of orthodihydroxyl- derivatives upon 
orthodiamines: the hydro- derivatives of the 
azines are formed, and these are oxidised by 
the oxygen of the air into the azinos: 

i / V () H + J^N-f^X, + o 

\/-OH + + 0 

Pyrocatechol. Orthophenylene diamine. 

/X/K/x 

= ”,° +l \Ai K> 

Diphenazine. 

r>. Early invostigators had studied the re¬ 
action of amrnou'a under pressure upon benzoin 
(Erdmann, Annalen, 135, 181) and phenanthra- 
qumono (Kommaruga, Monatsh. 1, 140). Japp 
and Burton showed that the free ammonia 
may bo advantageously replaced by ammonium 
acetate, and proved that the ‘ ditolane azotide ’ 
and ' phenanthrene azotide ’ obtained were 
tetraphcnylketine and diphcnantlirazine. They 
generalised tho method and applied it to 0- 
naphthaquinono, from which they obtained 
dmaphthazine (Chcm. Soc. Trans. 1887, 98). 

6. Another mode of formation of the azines 
consists in tho joint oxidation of a phenol, in 
which the para- position is no longor open to 
substitution, and aromatic orthodiamines. This 
method was discovered by Witt (Ber. 19, 917), 
n ho used it for the production of a new isomoride 
of tolurmphthazine by oxidising a mixture of 
8-naphthol and orthotolylene diamine: 

Nil, 

W'-o^^yS rTI +2 ° 

XZ-crc, 

fl-Naphlhol. Orthotolylene diamine. 


X/X/X 

|/N 

= V / I 


+ 3(0,0. 


CH, 

Tolunaphthazlne. 

7. An elegant modification of the above 
method was devised in 1905 by Ullmann and 
Ankersmit (Ber. 38, 1811), who heated 6- 
naphthol with orthoaminoazotohicne. The 
latter takes up the hydrogen liberated in the 
reaction, yielding at the same time the neoetsary 
orthodiamine. 
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Tolunaphthazlne. 


8. A very peculiar mode of formation of 
hese substances was discovered by Witt (Ber. 
!0, 571), who showed that the orthoazo- deriva¬ 
lves of secondary amines, and more especially 
if such amines containing the j8-naphthyl- group, 
ire decomposed by being heatod with acids into 
he corresponding azine and amino- compound, 
-hus; 



reactions are highly characteristic, and form the 
best means of identifying the azines. 

Notwithstanding these intense colourations, 
the azines are not applicable as dyestuffs. They 
are only to be considered as chromogens and 
suitable to produce colouring mattens by the 
introduction of auxochromio groups into their 
molecules. They are thus strictly analogous 
to the other hoterocyclio chromogens such os 
anthraquinone, acridine, oxazine, and thiazine. 

There is, however, one group of azines to 
which all the rules and general characteristics 
given above cannot very well be applied. Those 
ore the * Indanthrcnes,’ certain azines of the 
anthracene group, which, owing to their large 
molecule and very complicated constitution, 
possess properties quite different from all the 
other azines. They are intensely coloured and 
extremely valuable as dyestuffs if applied to the 
textile fibre by the ‘ vat process ’ like indigo. 
This peculiar mode of application brings them 
into close relationship with indigo, and they will 
therefore be treated in this work under Indigo 

AND INDIOOID DYESTUFFS ( q.V .). 

(c) Description of some typical representatives 
of the azine group . 

Dlphenazlne - * 


C, a H a N„ = 


/\/,\/\ 


The reaction is simple and easy, and gives, 

%s a rule, excellent yields. It is in reality a 
jondensation of the secondary amino into the 
corresponding azine by the dehydrogenating 
influence of the azo- group temporarily intro¬ 
duced for the purpose. 

(6) Generic characters of the azine group. All 
azinea have certain peouliar properties in com¬ 
mon. As a rule, they are solid, well-crystallised 
compounds of white, pale yellow, or even orange 
colour, possessing a high melting-point, and 
boiling under atmospheric pressure at very high 
temperatures (in some cases approaching red 
heat) practically without decomposition. They 
sublime at temperatures below their boiling- 
point, and their vapours condense into volu¬ 
minous aggregates of crystals. 

All the azines are bases which form salts 
with acids. The mono-acid salts, with the 
stronger mineral acids, may generally be obtained 
in a crystallised condition; but they arc stable 
only in the presence of an excess of acid or in 
the absence of water, which easily decomposes 
them into their constituents. These salts are 
intensely coloured, a faot which justifies the j 
inference that they contain the base in tbo! 
quinonoid (quinoxaline) form. The hydrolytic l 
action of the water is therefore accompanied by ' 
the tautomerio change into the symmetrical I 
(azine) form. These salts, some of which have ! 
been analysed, invariably contain one equivalent 
of acid for one molecule of the base. The di-acid 
salts oannot be isolated, but evidence of their 
existence is given by the intense red, violet, or 
blue oolourations exhibited by the solutions of 
azinea in a great excess of strong acid, preferably 
sulphurio acid. If water be added to these 
> solutions, a change takes place; the di-acid 
salt is decomposed, the yellow or orange mono- 
aoid salt is formed, and, on further addition of 
a large excess of water, the free azine itself 
separates out in flakef. These striking colour 


\N- 

(Claus, Annalcn, 168, 1; Bemthsen, Ber. 19, 
3256; Ris, Ber. 19, 2206; Wohl, Ber. 34, 2443) 
has been obtained by the methods 1, 2, and 4 
It forms palo-yeliow needlos, of the m.p. 170°- 
171®, soluble in alcohol and most other solvents. 
It distils without decomposition. It dissolves 
in strong acids, forming unstable salts of yellow 
and red colour. 

Toluphenazine 

/\/N\ 

C„H 10 N t = l Y I CH » 



has been prepared by Mcrz (Ber. 19, 725) by the 
aotion of pyrooatechol on orthotol) lenediamine 
(method 4). It is very similar to diphenazine. 
Its m.p. is 117°, its b.p. 350*. 

Naphthaphenazlne 


C U H 10 N,. 


has been prepared by Witt (Ber. 20, 871). Ths 
best mode of obtaining it is by the decomposi¬ 
tion, by acid, of the azo- compounds derived from 
phenyl-£-napkthylamme, but it has alsa been 
prepared by the action of /3-naphthaquinone on 
orthophonylenediamine and by simultaneous 
oxidation of the latter and /3-naphthol. It forms 
yellow needles, melting at 142’O*, distilling at a 
high temperature without decomposition, and 
dissolving in sulphurio acid with a reddish-brown 
colouration. On dilution, two sulphates crystal¬ 
lise from this solution. It is supposed that the 
formation of two series of mon&oid salts of this 
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base is duo to either of the two nitrogen atoms be¬ 
coming pentavalent and saturated with the acid. 


ToFunaphthazines C, ? U lt N r Three sub¬ 
stances of this formula are known, the isomerism 
of which has been discussed by Witt (Ber. 20, 
577). O/ie of these, melting at 179*8® has been 
prepared by the simultaneous oxidation (Ber. 
19, 917) of orthotolylenediamine and /3-naph- 
thol (methods 6 and 7). Its constitution is 
expressed by the formula 


AfcINtfS 

The two other possible isomerides I 

<N\ 



coxoo 



It dissolves in sulphuric acid with a violet colour¬ 
ation. The other is formed by the decomposition 
by acids of the azo- derivatives of paratolyl- 
£-naphthylamine (Ber. 20, 577) (method 8), 
Its constitution is represented by the formula 
CH, 


I I 


/%/ 


Its melting-point is 109°; its sulphuric acid 
reaction is similar to that of naphthaphenazino. 
The third fcolunaphthazine, discovered by 
llinsberg (Annalen, 237, 343a, 371) (method 3), 
has been proved* to consist of a molecular com¬ 
bination of the two preceding ones ; its melting- 
point is 139°-142°. 

Several other tolunaphthazines are theore¬ 
tically possible. They have not, however, 
hitherto been prepared. 

Dinaphthazines C ao H u N a . It has already 
been stated that Laurent’s mysterious * naph- 
thase,' prepared by method 1, finally proved to i 
be dinaphthazine. It is probable that Laurent’s 
product was a molecular combination of two of 
the four isomerio dinaphthazines foreseen by 
theory. .A similar mixture may bo obtained 
by reacting with o0-naphthylenediamine upon 
fl-naphthaquinono (method 2). This method 
was used by Witt in his identification of 
Laurent’s 4 naphthase ’ (Ber. 19, 2791). For 
preparing the constituents of this mixture in a 
pure state the synthetical method 8 should be 
resorted toj it consists in the decomposition of 
the azo- derivatives of the two isomerio (a, 0, and 
ft8)-dinaphthylamines (Matthes, Ber. 23, 1329 
and 1333). The compounds thus obtained 


«, p, p, p. m.p. 240° 

may be obtained from 0/J-naphthylcnedfamine 
by the reaction of the two orthonaphthaquinonoa 
(method 2), but, so far, only the asymmetricil 
one has been prepared by Otto Fischer and 
Albert (Ber. 29, 2087). 

, Azines of the Phenanthrene group. Owing 

! to tho extreme facility and precision with which 
phenanthraquinone 'acts upon all orthodiamines, 
those azines are most easily prepared, and 
phenanthraquinone is commonly used for 
deciding the question whether any given 
aromatio diamine is an ortho- compound. A 
large number of azines has thus become known, 
of which only a few may bo described as typical 
representatives of the group. 

Phenanthrapheuazine C 20 H I2 N a (isomerio 
with dinaphthazine) may be obtained by acting 
on orthophenylencdiamine with either phen¬ 
anthraquinone in an acetic acid solution (Hins- 
berg, Annalen, 237, 340), or with phenanthra¬ 
quinone sodium bisulphite in an aqueous solu¬ 
tion (method 2). It crystallises in pale-yellow 
needles, melting at 217°, and dissolves in sul¬ 
phuric acid with a beautiful red colouration. 
Lts constitution is 



A similar substance may bo obtainod from 
orthotolylenediamine. It molts at 212®—213°. 

Phenanthranaphthazlne is easily 

obtained (Lawson, Ber. 18, 2420) from ortho- 
naphthylcnediamine and phenanthraquinone 
(method 2). It gives a violet colouration with 
sulphuric acid. M.p. 273°. The sulpbonio 
acid derivatives of this substance, 0 „h„n,- 
S0 3 H, are obtained (Witt, Ber. 19, 1719j 
21, 3485 seq.) by acting with an aqueous 
solution of phenanthraquinone sodium bisul¬ 
phite upon the solutions of the various naphthyl- 
enediamine sulphonio acids in sodium aoetate 
solution, acidulated with aoetio acid. These 


have the following constitutions and melting- sodium salts are soluble in pure water; very 

. ° nlUlma 11 ft 1 fa am auffinianf. 


points:— 





,/ 

m.p. 28&°-284°. 


a, P,*P, a. m.p. 242°-248-. 


small quantities of alkaline salts are sufficient 
to precipitate them from these solutions. 

Chrysotoluazine C 25 H 18 N a and Chrysonaphth- * 
azlne C 28 H 1fl N 8 have been prepared by Lieber- - 
rnann and Witt (Ber. 20,. 2442) from chryso-^ 
quinone and the corresponding orthodiammes 1: 
(method 2). *The same authors obtained azine 
derivatives from the quinono of picene. 

Tolustilbazine C 91 H JB N a was discovered by 
Hinsberg, who described it under the somewhat 
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oislcading B^me * Diphenyltoluquinoxaline. 
Annalen, 237, 339). It is typical of the many 
zines which may be obtained by the action of 
»enzil upon aromatic orthodiamines. 

It separates in silvery leaflets from an 
.lcoholic solution of benzil mixed with a solution 
,f orthotolylenediamine (method 2). It melts 
it 111 0 , and dissolves with a crimson shade in 
ulphuric aoid. Its constitution is expressed by 
he formula 


2. Another method of much greater applica¬ 
bility consists in reaoting with a-diketones upon 
aromatic* triamines, which contain two amino- 
groups in the ortho- position. Two moleculos 
of water are eliminated for every molecule of 
eurhodine formed. Thus, for instance# a eurho- 
dine was obtained from triaminobonzene and 
phenanthraquinone (Witt, Ber. 19, 445): 



nh/^/ 0 


The corresponding derivative of orthonaph- 
bhylonediftmine was prepared by Lawson (Ber. 
18, 242fi). 

Toluindazine C 16 H n N 3 , the azine derivative 
of isatinc, has been prepared by H iceberg 
(Annalen, 237, 344) from orthotolylonediamine 
and isatin, by melting together the ingrodicnts 
(method 2) and crystallising the product obtained 
from a mixture of alcohol and acetic acid. It 
forms yellow needles, melting at 290°, and dis¬ 
solving in acids with a browrnsh-red colouration. 
Its constitution is expressed by the formula * 

H 

/V'Tv' 


cu 


I I 


l 


8 X/\y—\/ 



A largo numbor of other less important azines 
have been prepared in experiments made with a 
view to showing that certain compounds 1 
obtained by the. authors were cither orthodike¬ 
tones or orthodiamines. 

II. Colouring matters derived from azines 1 
(eurhodines and eurhodols). 

It has already been said that by the intro- : 
duction of an auxochromio group, NH 2 or OH, 
into the molecule of an azine, the latter is trans- 
formed into a colouring matter. The amino- j 
derivatives of azines containing either one or 
several amino- groups, are embraced by thfc 
generic name of eurhodines, whilst the name of 
eurhodols has been given to the phenolic (OH) 1 
derivatives of the azines. The following is an 
enumeration of the various methods by which 
eurhodines and eurhodols have been obtained:— 

A. ErKHODINES. 

1. By heating together any rrthamino-azo- 
compound and the hydrochloride of certain 
aromatic monoamines, such as, for instance, 
a-napkthylamine or a-aminoquinoline, preferably 
in a phenol solution, rnonoamino azines (tho 
eurhodines proper) are obtained. It was by this 
process that the first eurhodine was discovered 
by Witt in 1883 (Ber. 18, 1119; 19, 441) bv 
heating orthaminoazotoluene with naphthyl- 
amine nydro chloride. In this reaction an ortho¬ 
diamine is formed by tho reduotion of the amino- 
, azo compound, which combines with a-naphthyl- 
•amine, hydrogen being eliminated and absorbed 
•by the amino-azo- compound still present. 


+ 2H a O. 


3. Another method of considerable ^applica¬ 
bility consists in hoatlng together nitroso-amines 
(Witt, Ber. 21, 719) or quinonodichlorimides 
(Niotzki a. Otto, Ber. 21, 1698) with aromatic 
amines in which the para- position to the amino- 
group is occupied by some radicle. Thus, for 
instance, a eurhodine is formed by heating 
together nitrosodlmethylaniline hydrochloride 
and j8-naphthylamino, in an aoetio aoid solution; 

HQ 

N(CH S ) 8 

H 2 Kx 

2 1 . 

\/V 

/3-Kaphthylamine. 

NO 

Nitrosodimcthylanillne 

hydrochloride. 

HOI * HQ 

<CH,),N 



+ 3R s O + 


iIh, 

Paraphenylenedlme- 
Ihyldiamine mono- 
hydrochloride. 


Dimetl] ylamlnonaphthaphen* 
azine hydrochloride. 

and an analogous, though somewhat different 
reaction takes place if the nitrosodimethylamline 
be substituted by dichloroquinonimide. 

Cl 


C r H 1 oN > + C ip H 8 N = 6H + C 17 H 1 

Drthotolylene- a-Saphthyl- “ * 
diamine. amine. eurk 


Typical 

eurhodine. 


,N, 


E "XO 


01 

Dichloroquinonimide. 



m 
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Aminonaphthaphenazine. 

4 . Eurhodines proper may also be obtained 
by the reduction (with ammonium sulphido) of 
nitro-azinetf. Thus, for instance, nitropheno- 
phenanthrazine may bo reduced into the eurho¬ 
dine arainophonophenanthrazino (Heim, Ber. 21, 
2306). 

6. ,Tf certain azo- colours, such as chrysoldine, 
bo heated with 0-naphthol, an eurhodine is 
fofmed: (Ullmann and Ankersmit, Ber. 38,1812): 



I 

NTT, 


Ohrysuidlne. 


j pared by the oxidation of orthodiamines and of 
polyamines containing two amino- groups in the 
ortho- position. Thus 0. Fischer and E. Hepp 
proved (Ber. 22, 365) that the red substance 
which is formed by tho oxidation of orthophenvJ- 
enediamine and which has been observed by 
many investigators (Griess, Ber. 6, 202; Sai- 
kowski, Annalen, 173, 68; Rudolph, Ber. 12, 
2211 ; Wiesinger, Annalen, 224, 363), is nothing 
else than dianunophenazine. And Nietzki and 
Muller obtained (Ber. 22, 447) by oxidising 
totra-aminobenzene with a curront of air tetra- 
aminophenazino. Aminooxyphenazines may 
sometimes be found as by-productp in this 
reaction (Ullmann and Mauthner, Ber. 35, 

1 4302 and ibid. 36, 4026). 

B. Eukhodols. 

Those may likewise bo prepared by various 
methods. 

1. The sulphonic acids of azines, fusod with 
potash, readily yield*the corresponding oxyazincs 
orcurhodols (Witt, Ber. 19,2791). For instance : 

C 21 H n N 2 S0 3 Na-f 2NaOH 
Sodium naphtliaphenanthrazinesulphonatc. 

=C 84 H 13 N 2 ONa-f Na 2 S0 3 . 

Phenaniliranaphthaeurhodol. 

2. Several eurhodinos (amino-azines) yield 
the corresponding eurhodol on being heated 
under pressure with strong acids, a hydrolysis 
taking place in the circumstances (Witt, Ber. 
19, 444): 

C 17 H n N 2 -NH 1 +H I 0=NH,+C I7 H 11 N a '0H. 

Typical eurhodine. Eurhodol. 



Eurhodine. 

6. Diaminoazines are formed by the de¬ 
composition of certain indamines when their 
solutions are boiled for a certain time. Thus 
tolylene blue, the indamino produced by the 
action df nitrosodimethylaniline hydroohloride 
upon metatolylenodiamine, is decomposed if 
ite solution be boiled for some time, dimethyldi- 
aminotoluphenazine (tolylene red) being " the 
prinoipal produot of this reaction (Witt, Ber. 
12, 931): 


N^'HCl N^HCl 

<U. 


Jr 


i 

C.H. 

]jh + 


n ch, 

I CH, 


A 

N-'' j 

y\ 

\>* 

t-ri 3 

Toljrlsna blue. Leucotolylene blue. Tolylene red 

(dlmethyldlamino- 

toluphenazlne). 

7. Di- and poly amino- azines may also be pre- 


[NH, 

NH, 

ICH, 


3. Diazo-azinos, on being boiled with water, 
yield the corresponding eurhodols; on being 
boiled with alcohol they yield the alkyl ethers 
of these eurhodols (Witt, Ber. 19,444): 

C 17 H n N 2 'N: N'Cl-fHjjO 
Diazoeurhodine chloride. 

=Ha+N 2 +C 17 H n N,OH. 

Eurhodol. 

C 17 H n N 2 -N:NCl+C 2 H 5 OH 

= HC1+N t +C 17 H U N 2 0C # H.. 

Ethyleurhodol. 

The following is an enumeration of those of 
the eurhodines and eurhodols which have been 
more closely investigated, the properties of 
which are typical for tne whole class of colouring 
matters :— 

Typical eurhodine C 17 H 13 N 3 (Witt, Ber. 19, 
445). The mode of formation of this substance 
has already been given (Section A, 1). It is best 
prepared by heating to 130® equal molecules of 
orthoaminoazotolueno, of the melting-point 
118-5°, and a-naphthylamine hydrochloride, dis¬ 
solved in phenol until the colour of the mix¬ 
ture, which is at first of an emerald green, has 
changed into a brilliant scarlet. The mixture is 
now treated with a large quantity of toluene, 
when the hydrochloride of tho new dyestuff 1 b 
precipitated in a crystalline state. By recrystal- 
lisation from water acidified with hydroohlorio 
acid, it may be obtained in a pure state. From 
the pure hydrochloride the free eurhodine base 
is precipitated by alkalis or ammonia in the 
form of a yellow powder, whioh may be re- 
crystallised from aniline. Thus prepared, it' 
forms glistening yellow prisms and needles of a 
dark-brown oolour. It dissolves in ether with 
a yellow colour and a magnifibent green fluores¬ 
cence, which is characteristic of all the members 
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of this group of dyestuffs. Eurhodine forips 
three series of salts, of which, however, only 
those with one molecule of acid are fairly stable, 
whilst those containing more acid are decom¬ 
posed by the addition of water. It is to the 
formation of those various salts that the peculiar 
change of colour is duo which is observed on 
adding water to a solution of eurhodine in con¬ 
centrated sulphuric acid. This solution is of a 
cherry-red colour. On adding a small quantity 
of water the colour changes to a fine emerald 
green, whilst still more water produces the 
scarlet shade of the normal sulphate. This 
change of colour, which is observed with all .the 
eurhodines, links thorn to their parent-sub¬ 
stances, tho azinos, which exhibit similar 
curious phenomena, and also to the safranines. 

The normal salts of eurhodine are well 
crystallised and of a bronzed copper colour w'hon 
solid. In solution they exhibit a bright* scarlet 
tint which they coramunicato to the fibre. 
These normal salts are, hbwever, partially de¬ 
composed by an excess of water, the free eurho¬ 
dine base being regenerated. The Bamo takes 
place if fibres dyed red with eurhodine bo washed. 
The scarlet shado is gradually replaced by the 
yellow shado of tho free eurhodino base. For 
this reason eurhodine has not found an applica¬ 
tion in tho industry of artificial dyestuffs. 

Amlnonaphthaphenazine«C ia Il H N 8 has been 
obtained by Nietzki and Otto (Ber. 21, 1598) 
from /3-naphthylamine and dichloroquinonimide 
(Ullmann and Ankersmit, Ber. 38, 1811). It 
orystallises in dark-yellow needles. Its salts aro 
of a crimson colour. Its solution in sulphuric 
acid changes by the addition of water irom red¬ 
dish-brown through green into red. It forms a 
diazo- compound which, when boiled with alco¬ 
hol, yields the ordinary naphthaphenazine, of 
the melting-point* 142'5°. The following com¬ 
pound is its dimethyl derivative :— 

Dimethylaminonaphthaphenazine C, 8 TT, 5 N a 
(Witt, Ber. 21,719). This eurhodine, the iortna- 
tion of which has been described under Section A, 
3, may easily be prepared in quantity by heating 
together 20 parts mtrosodimethvlaniline hydro¬ 
chloride and 10 parts /3-naphthylamine with 
50 glacial acetic acid; the reaction sets in 
below 100*, and is apt to become violent. The 
produot changes to a fine violet colour. It is 
dissolved in water acidified with hydrochloric 
acid, and the filtered solution is precipitated by 
the addition of sodium acetate. The crude eurho¬ 
dine which is thus precipitated may be purified 
by dissolving it in alcohol acidified with hydro¬ 
chloric acid. From this solution tho normal 
eurhodine hydrocldoride orystallises in bronze- 
coloured needles. From these ammonia liberates 
the free eurhodine base in the form of a scarlet 
crystalline powder. It may be reorystallised 
from boiling xylene; it is thus obtained in 
magnificent crystals resembling magnesium- 
platinocyanide, melting at 205*. 

The change of colour of a sulphurio acid 
solution of this eurhodine is not very marked, 
going from violet thiough black and green into 
violet. The ethereal solution of the free base 
exhibit* the brilliant fluoresoenoe characteristic 
of all eurhodines. , 

Amlnophenaphenanthrailne C ao H ia N a . This 
eurhodine was prepared by Witt (Ber. 19, 445) 
and by Heim (Ber. 21, 2306) by the methods 


given under Section A, 2 and 4. It crystallises 
from toluene in short, thick, yellow prisms, 
melting At 279°. 

Dimethyldlaminotoluphenazlne; Tolylene red 

C 1B H lfl N 4 . The formation of this compound by 
the spontaneous decomposition of tolylene blue 
has been described under Section A, 5. This 
eurhodine forms, in a pure state, orange crystals, 
which contain 4 mols. of wator of crystallisation { 
at 150° this is given off and the anhydrous base' 
remains as a dark-red powder. The hydrated 
base is solublo in ether with a pink oolour and a 
beautiful orange fluorescence. Tho solution in 
concentrated sulphuric acid is green; on being 
diluted with water it changes through sky-blue 
into red. The normal (monacid) salts are 
perfectly stable and soluble in water with a 
pink colour. This solution dyes unmorclanted 
or mordanted cotton and other fibres a pink 
which in darker shades deepens into a coppery 
red. 

The production of this dyestuff has been 
patented (Otto jSf. Witt, D. B. P. 15272 ; 
Eng. Pat. 4846, 1880). The commercial product, 
which contains a certain amount of irfipurities, 
is sold under the name of ‘ neutral red.’ It is 
chiefly used in calico-printing, and giwes very 
fast and useful shades. 

A similar product is prepared from the in- 
damine which is formed by reacting with nitroso- 
diinethylamine hydrochloride upon metaphcnyl- 
enediamine. It is embraced by the same patent 
and sold under the name of ‘ neutral violet.’ 

Typical eurhodol C 17 H n N,OH (Witt, Ber. 
19, 444). This Bubstance, tne formation of 
whioh takes place according to the equation 
given under Section B, 2, forms small leaflets of 
a yellow or red colour which dissolve in con¬ 
centrated sulphuric acid with a red colouration, 
and are reprecipitated from tlfis solution by the 
addition of water. Caustic soda solution dis¬ 
solves it with an orange shado. Thus it is shown # 
that this eurhodol (like all compounds of the 
same class) exhibits both acid and basic pro¬ 
perties, the latter being due to the azine group 
contained in their molecule. • 

Eurhodol C sl H lt N a OH. o-Hydroxynaphtha- 
phenanthrazine has been obtained (Witt, 
Ber. 19, 2791) by the method described under 
Section B, 1, by the fusion of naphthaphen- 
anthrazine-a-sulphonio acid with caustic alkalis. 
Its solution in Bulphuric acid is of a fine and 
intense indigo-blue: it changes very suddenly 
into red on the addition of water, the sulphate 
being precipitated. This substance is a yellow 
colouring matter which may be fixed on cotton 
with alum-mordant, like alizarin. Owing, how¬ 
ever, to its costliness, it has not been Drought 
into commerce. A large number of isomeriaea 
may be prepared by starting from the numerous 
sulpho- derivatives of orthonaphthvlenediamine, 
transforming them into azinesulphonates by 
condensation with phenanthraquinone and into 
eurhodols by subsequent fusion with oaustio 
alkalis. 

III. Azonlum bases and safranines. The 
azonium bases are a class of compounds of whioh 
our knowledge is very restricted, very few 
representatives of the class being eat present 
known, and that rather imperfeotly. They are, 
however, of importance, as it is now established 
beyond doubt th$t they are the parent sub- 
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stance! of the very important class of dyestuffs 
known as safranines. Although the first 
artificial dyestuff, mauvclne, was a true safra- 
nine, and although this group of compounds 
has been frequently unaer investigation, a 
correot v 4 iew of their constitution had not been 
obtained until quite reoently. According to 
the theory now universally adopted, all safra¬ 
nines are amino- derivatives of azonium bases, 
to which they stand in the same relation as the 
eurhodines to the azinos. Ilydroxy- derivatives 
of azonium bases have also been prepared and 
described under the' name of safranols. They 
are, however, of no importance as colouring 
matters. 

The azonium bases thomselves, none of 
which^ has so far been obtained in a state 
fit for analysis, stand in the same relation to the 
azjnes as the ammonium bases to the amines. 
They are azinea in which one of the nitrogen 
atoms has become pentavalent by being satu¬ 
rated with three organic radicles and one acid 
radicle, the connection with the second nitrogen 
atom being still preserved by the fifth valency 
of the pentavalent nitrogen atom. Thus the 
characteristic constitution of the azonium.com- 
pounds'may be expressed by the general formulu 



in which R 1 and R 11 represent mono- and 
divalent organic radicles, and X 1 a monovalent 
acid radicle. The azonium bases are compounds 
whioh possess strong basic properties, and which, 
by the tenacity with which they retain their 
acid radicle, strongly resemble the ammonium 
, bases. It is probable that tho free azonium 
bases contain, like the ammonium bases, the 
hydroxyl group in the position X* of tho above 
general formula. The azonium bases and tho 
dyestuffs derived from them are also capable 
of tautomeric changes, which lead to their 
assuming quinonoid structures. The nature of 
these ohances is in many cases doubtful and too 
>complicated to be fully discussed in this article. 

The azonium bases are strongly coloured 
substances, but their dyeing properties are 
developed and brought to perfection by the in¬ 
troduction of amino- groups into their molecule. 
As the azonium bases theoretically possible are 
very numerous, and each of them is capablo of 
producing very numerous isomerio mono- and 
polyamino- derivatives, the number of possible 
safranines is exceedingly large, and the number 
of those whioh have already been prepared is 
insignificant in comparison with that fore¬ 
shadowed by theory. 

Of. the safranineB which have hitherto been 
prepared, only a few are monoamino- derivatives 
of azonium bases. A few more are of doubtful 
or unknown constitution. The majority are 
asymmetric diamino- derivatives of azonium 
bases, containing one amino- group in one of 
the diatomic organic radicles (Rn, whilst the 
other is attached to the monoatomic radicle (R*). 

The true constitution of phenosafranine 
and ita oongeners has been recognised by Witt, 
who, after pointing out the Analogy between the 


eurhodines and safranines (Ber. 18, 1119) and 
clearing up the constitution of the former (Ber. 
19, 446), proved the latter to be asymmetrio 
diaminoazonium bases (Ber. 19, 3121). Bcmth- 
sen had proposed (Ber. 19, 2690) somewhat 
earlier a symmetrical formula for the safranines 
based upon Witt’s eurhodine researches. His 
view was subsequently adopted by some chemists, 
but the author of this article fails to see the force 
of the arguments adduced in support of it. Cf. 
supplementary article. 

A. Azonium bases. 1. The typioal compound 
was obtained by Witt (Ber. 20, 1183) by the 
reaction of phenanthraquinono on phenylortho- 
naphthylenodiamine. By heating these ingre¬ 
dients in an acetic acid solution an inter¬ 
mediate product is obtained, which on treat¬ 
ment with a mineral acid is transformed into 
tho salt of the azonium base : 



If nitric acid is used, the nitrate is deposited 
in very fine crystals. It is sparingly soluble in 
water, roadily soluble in spirit with a fine 
orange-red colouration. The hydrochloride dis¬ 
solves in sulphurio acid with a violet tint, whioh 
changes into red on dilution with water. 

2. If in this reaction the phenylorthonaphthyl • 
enediamine be replaced by phenylortho- 
phenylenodiamine, the resulting compound is 
a yellow dyestuff of considerable strength. It 
is manufactured and sold under the name 
4 Flavinduline ’ (1893). 

3. A very similar compound was obtained 
by Otto N. Witt and Christoph Schmidt in 
1892 (Ber. 26, 1017), by the reaction of benzil 
upon ethoxyphenylorthonaphthylendiamine. It 
was called ethoxyphenylnaphthostilbazonium 
chloride and has tho constitution ; 


C.H, 





C.H. 


It is a beautiful yellow dyestuff, but too 
expensive to be prepared on a manufacturing 
scale. 

B. Safranines. The various colouring mat¬ 
ters belonging to this group have mostly been 
prepared by different synthetical methods, whioh 
may be classed in the following manner :— 

1. Reduction of the nitro- derivatives of 
azonium bases. By reacting with monomtro- 
phenanthraquinono or dmitrophenanthra- 
quinone on phenylorthonaphthylenediamine. 
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nitro- and dinitro- derivative* of the above 
azonhim base are obtained, which on reduction 
with ammonium sulphide yield reddish-violet 
colouring matters .belonging to the safranine 
group (Witt, unpublished^ observations). 

2. If the stilbazonium base obtained by 
Witt and Sohmidt, or any of its congeners 
prepared from ethylated arylorthonaphtkyl- 
enediamines be heated with ammonia, the 
ethoxy group is replaced by the amino- group 
and the corresponding Bafranines arc formed. 
This is quite a general reaction (Witt and 
Schmidt, Ber. 25, 2003; Witt and v. Helmolt, 
Bfir. 27, 2355; Witt and Buntrock, Ber. 27, 
2302). 

3. By the action of dichloroquinonimides 
upon secondary aromatic amines, in which the 
para- position to the amino- group is occupied, 
monoamino-azonium bases are formed (Nietzki 
and Otto, Ber. 21, 1598). The reaction, for in¬ 
stance, between dickloroqumonimide and phenyl- 
/3-naphthylamine may be represented by the 
equation : 

a 


rv\ 




Fbonyl-0-uaphtUylaiuiue. 


DlchlorequinonlmJde. 

H t N 


> Ha + 



New dyestuff. 

4. In a similar manner nitrosodimethyl- 
aniline (or any other nitroeo-amino) reacts with 
phanyl-/3-nnpkthylamino (Witt, Ber. 21, 719): 

HC1 

N(CH|): 



6. The safranines proper (asymmetric di- 
aminoazqnium bases) are formed by the joint 
oxidation of one molecule of diamine and two 
molecules of an aromatic monoamine. In this 
reaction fugitive indaraines are formed, as inter¬ 
mediate products; the process thmP becomes 
strictly analogous to the formation of toluylene 
red and its congeners. 

This is the process which is generally used 
in the manufacture of safranines, and it will 
thorefore be fully explained. 

By the joint oxidation of an aromatic para- 
diamino with one molecule of an aromatio 
monoamine, an indamine is invariably formed 
(t?. Lndamines). If these indamines be oxidised 
in the presence of another molecule of an 
aromatic monoamine, a safranine is formed : 


Ha-N(CH a ) a 
+3H,Of /'j 

Q^XO in, 

W 7 v,w dye*tuff. Dimethylpamplienyl- 

* * pnArliaminA mono. 


First Stage. 


NH, 

i 


NH, 


NH, 


\. 


+ I 7 X | +0,= N +2&.0. 

\/ \/ II 

I Auilmo. / \ 

NH 2 I | 

X 

Indamiao. 


Puraphenyl* 

euediamine. 


Nil, 


Second Stago. 


hci 

Nil, 


N + |'''l 
II \/ 

Aniline 

hydroeliloride. 


•f 20=2H„0-f 


NH 

Indamine. 



NH s 
Phene* af ranine. 


Of course,, any other paradiamine may be 
substituted for paraphenylenediamine, and any 
other monoamine for aniline. As, however, the 
formation of an indamine only takes plaoe if the 
para- position to the amino- group be still free, 
it results, that at least one of the two molecules 
of monoaminos must fulfil this condition. Thus 
the formation of a safranine from paraphenyl¬ 
enediamine takes place on oxidation of one 
molecule of the di&mine with 

(1) Two molecules of aniline. 

(2) Two molecules of orthotoluidine. 

(3) One of aniline and one of orthotoluidine, 

(4) One of aniline and one of paratoluidine, 

(5) One of orthotoluidine and oje of para' 
toluidine; but it does not take place with «n< 
molecule of paraphenylenediamine and two o 
paratoluidine (Wii-t, J. Soc. Oicm. Ind. 1882 
250). 
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and 


cir,/ x pn 


molecules of monoamines mu9t have a free ortho- 
posi tion in order to be capable of entering the 
roaction. Thus the indamino of the aoove 
formula forms safranines with all the primary 
aromatic monoamines of the benzene series, with 
the exception of one xylidine and of mesidine, 
of the respective formula? 

NH a t NH a 

* CH 3 o- 

NH S 

because these two have no free ortho- position to 
bo used for the formation of the azonium group 
(Nietzki, Ber. 19, 3017 and 3130). 

It is also necessary that this second molecule 
of monoamine be a primary base, whilst the one 
necessary for the formation of the indamine may 
bo either primary, secondary, or tertiary, pro¬ 
vided always that it possesses a free para- 
position. 

6. It is evident that the general process de¬ 
scribed under 4 may be modified ; thus, for 
instance^ the dipara-amino- derivatives of 
secondary bases (being the leuco- compounds of 
indamines) may be oxidised together with one 
molecule of a primary aromatic monoamine, 
when a safranino is the result (see top of page, 
second column): 

7. Another modification (Witt, Ber. 10, 873) 
consists in heating aminoazo- compounds with 
the hydrochlorides of* aromatic monoamines, 

NH, 

/<• a 

V A AT 

NH + I | +30=3H,0+ a /j\/'\ 

Av 


Aniline 
hydrochloride. 

\/ 

NH, 

D1 para-amino- 
diphenylamine. 


\ 




Nil, 

6afranme. 


The following is an account of the more 
important and more thoroughly investigated 
safranines :— 

A. Monamino- Derivatives of Azonium 
Bases. 

1. Aposafranlne, Monoaroinophenylphenazo- 
nium chloride, has been obtained by Nietzki 
i and Otto (Ber. 21, 1736; see also Annalen, 

| 286, 188, and Ber. 30, 2624, and 33, 3078) from 
I phenosafranine (see below) by diazotising one 
of its amino- groups, and eliminating it by 
means of ulcohol. It is a red dyestuff of jpo 
practical importance, but very interesting ’as 
j prototype of the induline group (see under 
! Indulinks). 

I 2. Red dyestuff C 22 H I# N,C1. Obtained by 
j the action of dichloroquinonimide on phenyl- 
I 0-naphthylamine, was prepared by Nietzki and 
Otto (Ber. 21,1598) by heating the ingredients in 
l molecular proportion in alcoholio solution on 
the water-bath. The nitrate forms green needles 
or prisms winch are soluble in water with a 
, magonta-red colour. The bj'drochlorido dis¬ 
solves in sulphuric acid with a red colouration, 
which on dilution changes through greon into 
! red. 

3. Violet colouring matter C 2< H :0 N 3 C1. Pre¬ 
pared by Witt (Ber. 21, 719) by acting with 3 

; molecules of nitrosodimothylaniline hydro- 
I chloride in an acetic acid solution on 2 molecules 
of phenyl-jS-naphthylamine. This is the di ■ 

! methyl- derivative of the preceding substance. 

! The hydrochloride forms large black needles 
soluble in water, with a fine violet colour. The 
free base, C 24 H 20 N 3 *OH, is liberated from the 
salts by caustic alkalis only. It is insoluble in 
water, soluble in alcohol, with a rod colour and 
a fine orange fluorescence. It is sold as * neutral 
blue.* 

4. Violet colouring matter C 26 H 22 N 3 C1. Pre¬ 
pared by Witt (Ber. 21, 719) from paratolyl- 
ff-naphthylamine in exactly the same manner as 
the preceding substance, of which this is the 
next homologue. Violet soft needles, resem¬ 
bling in their colour and reactions the phenyl* 
derivative. 

The above substances have been patented 
(Otto N. Witt, D. R. P. 19224, dated Feb. 18, 
1882). 


This is the oldest process for the manufacture 
of safranines. The mechanism of this reaction 
is simple. Part of the aminoazo- compound 
being reduced, a mixture of a paradiamine and a 
primary monoamine in molecular proportions is 
formed, which with the monoamine added in the 
shape of hydrochloride, is transformed into 
safranine by the dehydrogenating action of the 
remaining part of the aminoazo- compound. It 
is evident that the yield must be small in this 
process of manufacture, and such is aotually 
the case. 

8. An asymmetrical safranine has been 
obtained by the reduction of picryl-ortho- 
phenylenediamine (Kehrmann, Ber. 33, 3074). 

9. Cesttllln compounds belonging to the 
safmnine group (mauvelne, &c.) aro formed in 
a very complicated reaction by the oxidation of 
heavy aniline alone; on continued oxidation 
mauvelne is converted into a safranine (Perkin, 

Boo. Proo. 35, 717), 


5. Basle blue C S2 H 28 N 4 C1 is a fine blue 
dyestuff prepared (T. Annaheim, Ber. 20, 
•1371; Durand and Huguenin, Ger. Pat. 40886) 
by the reaction of nitrosodimethylaniline 
hydrochloride on tho paratolylnaphfchylene- 
diamine which is formed by heating Ebert 
and Merz’s dihydroxynaphthalone with para- 
toluidine hydrochloride. It forms a brown 
crystalline powder, soluble in water with a 
bluish-violet shade. In concentrated sulphuric 
acid it dissolves with a greenish-brown shade, 
whioh changes through green into violet on 
dilution. 

6. Azine green C 80 H ?5 N f Cl is formed by 
the icaction of nitrosodimethylaniline hydro¬ 
chloride upon 2 - 6 - diphenylnaphthylenedia- 
mine. 

7. Induline* scarlet C 12 ti l8 N,Cl, a very 
beautiful red dyestuff discovered by Schraube 
(I). R P. 77266; Eng. Pat. 10138A, 1802), and 
manufactured by the Badisohe Aniline und Soda- 
Fab rik, is really not an induline, but a Safranine. 
It is prepared by melting together the hydro* 
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ch'oride of anilinazoethylparatoluidine and a- 
naphthylamine. The reaction i8 strictly analo¬ 
gous to the formation of the typical eurhodine. 

(Induline Bcarlet* Is used as a catalyst in 
discharge printing in some cases (c/. D. R. P. 
184381). Rongalite special (B. A. S. F.) and 
hydrosulphite cone, special (M. L. 13.) both con¬ 
tain induline scarlet.—F. A. M.) 

B. Diamino- Derivatives of Azonium Bases. 

1. Phenosafranine C 18 H U N 4 CI. Discovered 
by Witt (exhibited in Paris in 1878 ; and men¬ 
tioned in the catalogue of Messrs. Williams, 
Thomas & Dowor, closely investigated by 
Nietzki (Ber. 10, 404) and by Bindschedler 
(Ber. 13, 207 ; 16, 805). 

It was with this compound that the mode of 
formation of the safranmes and their chemical 
properties were definitely ascertained, chiefly by 
R. Nietzki, whose brilliant researches on this 
subject did much to clear wp the chemistry of 
this group. 

Phenosafranine is prepared by the joint j 
oxidation of paraphenylenediamine and aniline, j 
The mechanism of this process has already been I 
discussed. A dilute aqueous solution of the I 
normal hydrochlorides of these bases is used, and 
their oxidation is accomplished by adding 
potassium or sodium bichromate or manganese 
dioxide in the necessary proportion to the hot 
solution. The -Hue colour of the lndamine 1 
which appears at first is immediately replaced 
by the red colour of the safranme formed. A 
certain quantity of insoluble dark by-products 
is always formed, but by careful work the yield 
of pure safranme may be raised to 70 p.c. of the 
theory. When the oxidation is finished, soda solu- ; 
tion or chalk is added in order to precipitate the 
impurities, and the liquid is filtered. By adding 
a small amount of nitric acid and some sodium 
nitrate to the filtered solution, the nitrate of the 
safranino crystallises out; or tho chloride may 
be prepared by adding common salt to the solu¬ 
tion after acidifying it with hydroohloric acid. 
By repeated recrystallisation from water or 
alcohol, the phenosafranine is obtained in a 
state of purity, in the form of magnificent green 
needles. The sulphate forms blue needles. The 
platinum salt (Ci 8 H 16 N 4 Cl) 2 PtCl 4 forms in¬ 
soluble shining leaflets. Phenosafranine forms a 
diacetyl- derivative on boiling with acetic an 
hydride in the presence of dry sodium acetate. 
It forma two aiazo-derivatives, of which the 
first 

c 18 h 13 n 8 ci 

'"••N: N-Cl 

is rather stable and soluble in water, with blue 
colouration. The other diazo- compound 

: N CI 
C 18 H u N 2 C1 
s N CI 

is very unstable and of a green colour. 

Phenosafranine dVes wool, silk, and cotton a 
magnificent pink. Its aqueous solutions are red 
and show no fluoresoenoe, whilst ajeoholic solu¬ 
tions show a marked greenish-yellow fluor- 
esoenoo. Phenosafranine dissolves in con¬ 
centrated sulphuric acid with a green colouration 
yjrjtfcb changes through blue into red pn dilution, 
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thus indicating the aotualexiitenoeof the three 
series of spits foreshadowed by theory. 

If phenosafranine or its homologues be 
diazotised and then combined with jB-naphthol, 
beautiful basic bluo dyestuffs are obtained, 
which are largely prepared and used fo? cotton¬ 
dyeing and calico-printing under the name of 
* Indoino blue.* 

The alkyl- derivatives of phenosafranine are 
interesting colouring matters, some of which 
have found an industrial application. They 
have not been prepared by introducing alkyl- 
groups into ready-formed safranino, but rather 
by direct synthesis from suitable raw materials. 
Each of them exists in two isomerio modifica¬ 
tions, according to tho amino- group into whioh 
tho alkyl- group has been introduced. The two 
amino- groups of phenosafranine being asym¬ 
metric, and therefore not equivalent to offe 
another, must of necessity produce different pro- 
ducts on being alkylated. 

a-Dimethylsafranine C 20 H, 6 N 4 C1 is produced 
by the simultaneous oxidation of one molecule 
of paraphenylenedimothyldiamino with two 
molecules of aniline. 

It is a dyestuff of a magenta-red shade. Its 
nitrate crystallises in green needles (Bindschedler, 
Ber. 10, 800) 

0-DimethylsafraDine is obtained by oxidising 
a mixture of one molecule of paraphenylene¬ 
diamine with one molecule of aniline and one 
moleculo of dimethylaniline. Its shade is 
similar to that of tho preceding one ; its nitrate 
forms brown leaflets (Nietiki, Ber. 19, 3017 and 
3136). 

The two diethylsafranlnes are obtained in 
a similar manner. Their chlorides form green 
I needles which dissolve in water with a violet 
shado (Nietzki, Ber. 16, 4(A). These sub¬ 
stances, and especially the a- derivatives, are 
manufactured under the name of Fuchsia. 

Tetramethylsafranine (Bindschedler, l.c.) and 
tetraethylsafranine (Nietzki, l.c.) may be pre¬ 
pared by tho joint oxidation of one molecule of 
paraphenylonedimethyl- (or* diethyl-) diamine 
with one molecule of aniline and one molecule 
of dimethyl- or diothylanilino. These substanoes 
have been sold under the name of Amethyst. 
Their shade is a magnificent violet, with a fine 
crimson fluorescence. Unfortunately, they are 
very fugitive. 

2. Tolusafranines (Hofmann and Geyger, 
Ber. 5, 626, and very numerous other publi¬ 
cations) CjiHjjNjCI. A mixture of the iso- 
merides of this formula is the safranino of 
commerce. It is prepared by the oxidation of 
a mixture of paratolylencdiamine with the two 
toluidinos. This mixture is obtained by treat¬ 
ing three moleoules of the orthotoluidine of 
commerce (which contains from 6 to 10 p.o. of 
paratoluidine) with two moleculos of hydro¬ 
chloric acid and one molecule of sodium nitrite 
dissolved in as little water as possible. A thiok 
heavy oil is the result, which is merely & solution 
of amino-azotuluene in the exoess of toluidine 
present. By dissolving this oil in hydroohlorio 
acid, and reducing it with either zmo-dust or 
iron borings, the amino-azo- compound is split 
up into paratojylenediamine and orthoto* 
luidino; consequently, the aqueous liquid pro¬ 
duced contains thp bases in the necessary 
proportions for the production of safranme, 
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The rest of the treatment is exactly similar to) 
the one described for pheno-safranine. The 
safranine is precipitated from the liquid by the 
addition of salt. By redissolving it in water, 
boiling jvith a small quantity of potassium 
bichromate, treating it afresh with milk of lime 
or chalk, and reprecipitating the filtered liquid 
with clean salt, the safranine is purified so as 
to give the brightest shades on dyeing. Safra- 
nino prepared with a toluidine rich in para- 
toluidine is very insoluble in cold water; and 
therefore generally disliked by the dyer. The 
presence of aniline has not the same disagree¬ 
able effect: some manufacturers therefore use 
the first runnings of the magenta procoss, which 
consist of aniline and orthotoluidine, and con¬ 
tain rib paratoluidine, ns a suitable raw product 
for the manufacture of safranine. The safra- 
nifie of commerce forms a brown powder which 
dissolves readily in hot water. It dyes a bluish- 
pink on textile fibres, and was chiefly used for 
dyeing cotton. The introduction of the so- 
oalled substantivo azo- colours, derived from 
benzidine and its congeners, has much diminished 
the use of safranine. 

3. Glrofle. A dimethylphenoxylosafranine 
has been produced by heating nitrosodimethyl- 
aniline hydrochloride with xylidine, and sold 
under the above name as a violet colouring 
matter of a pleasing shade. 

4. Safranisol C 18 H U (0CH 8 ) 2 N 4 -C1 is a sub- 
stanoe which has been obtained by Nietzki by 
the joint oxidation of one molecule of para- 
phenylenediamine with two molecules of ortho- 
anisidine. It dyes a very beautiful yellowish- 

mk with a yellow fluorescence. This product 

as been patented (Kalle & Co., T). K. V. 24229 *, 
Eng. Pats. 2IB, 1883 and 3095, 1883), but owing 
to the high pricb of its production it has been 
unable to compete with the cosm colours, 
which are perhaps still more brilliant in shade. 

6. Magdala red C 30 H 21 N 4 C1. This old and 
very beautiful colouring matter is the safranine 
of the naphthalene series. It was discovered by 
Schiendl and first investigated by Hofmann 
(Ber. 2, 374), who, howover, owing to the great 
difficulties of its analysis, assignod to it the 
erroneous formula C 30 H 2 iN 3 -HC1. After a 
revision of the analytical data by Julius (Bor. 
19, 1865), its true composition was established. 
This substance cannot be prepared by the 
usual oxidation process from paranaphthylene- 
cliamino and naphthylamino because "para- 
naphthylenedi#raine is at once transformed into 
a-naphthaquinone even by the feeblest oxidising 
agents. Magdala rod has therefore to be pre¬ 
pared by the old process of heating a-amino- 
azonaphthalene with a-naphtbylamine acetate. 
The chief product of this reaction is rhodindine, 
the induline of the naphthalene series (v. Indu- 
lines) ; but a small proportion (6-8 p.o.) of 
Magdala red is formed at the same time. This 
is extracted from the melt by repeated treat¬ 
ment with boiling water, in which it is sparingly 
soluble; On cooling, this solution deposits 
the dyestuff in the shape of gelatinous flakes, 
It is purified by repeated crystallisations from 
water.* Vtfhen pure, it forma a dark crystal¬ 
line powder, which dissolves in alcohol with a 
pink oolour and a magnificent orange fluores- 
cenoe. It is used for dyeine light pinks on silk, 
but is now rapidly being replaced by rhodamino 


V. TftIPHEl*YLMBTH\NE C0L0HBUTG MATTERS) If 
ready-formed paranaphthylenediamino be added 
to the magenta-melt, the proportion of Magdala 
red formed is considerably increased (Otto N. 
Witt, D. R. P. 40868). It' is thus shown that 
Magdala red is, after all, only a product of the 
joint oxidation of paranaphthylenediamino and 
a-naphthylamino. 

The pure salts of Magdala red, when re- 
crystallised from spirit, form green needles with 
a metallic lustre. The chloride, sulphate, pi- 
crate, and platinum double chloride have been 
prepared and analysed. These salts dissolve in 
concentrated sulphuric acid with a blue-black 
colour which changos into red on dilution. 

Mixed Magdala reds have been prepared 
either by heating amino-azonaphthalene with 
aromatic monoamines of the benzene series (M. 
T. Leoco, Ber. 7, 1290), or by heating aminoazo- 
compounds of the bonzeno series with para- 
naphthylenediarmno hydrochloride and aniline, 
toluidine, or even phenol (Otto N. Witt, D. R. P. 
40868). These dyostuffs resemble Magdala red 
in their properties. 

6. Indazlne is the commercial name of a 
safranine dye, which is obtained by heating 
the symmetrical diphenylmetaphenylenediamine 
(prepared by heating resorcin with aniline 
hydrochloride in the presence of zinc chloride) 
with nitrosodimethylanilmo hydrochloride. Its 
constitution may be inferred from its analogy 
to the violet dyestuff prepared from nitrosodi- 
mothylaniline and phenyl-0-naphthylamino. It 
is a serviceable blue, of considerable intensity, 
but little brillianoy of shade. 

Mauveine C 27 H 28 N 4 C1. This subtanoe, the 
oldest of all the artificial colouring matters, ia 
still manufactured in a Binall way, and sold under 
the name of roboJane. It was discovered and 
examined by W. H. Perkin (Roy. Soc. Proo 35, 
717 ; Eng. Pat. 1984, 1856). who also described 
the mode % of its production. It is prepared by 
oxidising heavy aniline with potassium dichro¬ 
mate, and extracting the mauveine formed with 
water or spirit from the black inso'uble mass 
which is the chief product of the reaction. A 
dyestuff resembling mauveine in all its properties 
may be prepared by the reaction of nitroso- 
diplienylamine on aniline (Otto Fischer and 
Hepp, Her. 21, 2617) or by the joint oxidation 
of diphenyl metaphenylenediamine and para- 
phenyicneciiamine or meta-aminodiphenylamine 
and para-aminodiphenylamino. These syntheses 
are a clue to the constitution of mauveine, 
which has been a mystery for nearly half a 
century-it stands revealed as phenylphenosa- 
franine. The above synthetical methods have 
been adopted for the industrial preparation of 
mauveine, as they give better yields than 
Perkin’s old process of oxidation. Mauveine 
is generally sold in the shape of a violet paste. 
It is insoluble in cold, sparingly soluble m hot 
water, easily soluble with a fine purple shade in 
spirit. Concentrated sulphuric acid dissolves 
it with an olive-green colouration, which on 
dilution with water changes through green and 
bine into purple. Mauveine still holds its own 
against the cheaper new violets on account of 
its great fastness to light and other influences. 
It is used for shading the white in bleached silks, 
and also for printing on paper. (Tt was also used 
for printing the old violet penny postage stamp.) 
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Manvelne yields on oxidation a pink dyestufi 
which is supposed to be identical with ordinary 
phenosafranine. In our opinion this statement 
requires confirmation. 0. N W. 

Addendum. 

Since the foregoing article was revised by 
the late Prof. Witt there has been relatively 
slight activity in the azine group of dyeB, such 
developments as have taken place being chiefly 
theoretical; on the technical side a few new 
or improved methods of preparing azine deriva¬ 
tives have been patented, and are noted later, 
but substantially the situation remains much as 
it was, no striking advances having been made. 

So far as concerns the theory of the structure 
of the dyes of this class, we may note that the 
general consensus of opinion amongst chemists 
is that the ortho-quinoid formulation is, on the 
whole, in better agreement with the known facts 
than the older para-quinoid structures ascribed 
to them by Witt, and, in addition, safranine, one 
of the most important members of the azine series, 
is usually given a symmetrical formula rather than 
the unsymmotrical formula favoured by Witt. 

We may therefore note shortly the chief 
grounds upon which these alterations aro based : 
first as regards the symmetrical formulation, 
Nietzki showed that the same phenyl-safranine 
was obtained by condensing {a) phony 1-w- 
phenylenediamine and phenyl-p-phenylenedi- 
amine; (f>) diphenyl-m-phenylenediamine and 
p-phenylenediamine, according to the schemes *. 



A result that appears hardly explicable if wo 
assume a symmetrical formula for the safranine. 

Further, the synthesis of safranine from 
m-aminodiphenvfamine and p-phenylenediamine 
also points in the same direction, since a safra¬ 
nine is also produced if methyl-w-phenylene- 
diamine be used in place of phenyl-m-phenylene- 
diamine, a result clearly incompatible with an 
unsyrametrical formula, for whilst the methyl 
group can replace the phenyl group attached 
to the azonium nitrogen on the symmetrical 
formula, it cannot possibly replace one of the 
benzene nuclei of the azine ring system as would 
be demanded by the'unsymmetrical formula. 

Nietzki claimed to have shown the existence 
of two isomeric diethyl safraninos which he 
prepared from diethylphenylenediamine-f 2 mols. 
aniline, and from aniline, -fp-phenylenediamine 
4 -diethylaniline respectively, and quoted this 
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as an argument in favour of the unsymmetrical 
formula. Kdmer and Sohraube, however (Chem. 
Zeit. 17/ 305), destroyed this argument bv 
showing that the two isomers were identical. 

A further argument in favour of the unsym¬ 
metrical formula was brought forward by 
Barbier and Sisley (Ann. Chim. Phys. 1908, 96), 
who claimed to have proved the existence of 
two isomeric safranines, an unsymmetrical and 
a symmetrical, the technical dye consisting of a 
mixture of both forms. Hewitt, Newman, and 
Winmill have, however, contradicted this state¬ 
ment (Chem. Soc. Trans. 1909, 95, 577). Havas 
and Bernhard (Bcr. 46, 2723) also claim to have 
proved that phenosafranine is homogeneous, • 
and that Barbier and Sisley’s two products are 
eitherdifferent hydrates or homologues which may 
be present in the purest commercial safranine. 

The balance of evidence appears, thereto^, 
to be strongly in favour of the symmetrical 
formula for the snfranines : 





As regards the vexed question of ortho * 
versus para - quinoid structure, we cannot say 
that this is finally sottled, as there is little doubt 
that, in certain cases, at all events, tautomerism 
occurs between the two forms. 

Assuming the correctness of the symmetrical 
arrangement discussed above, we have three 
possible methods of writing the structural 
formula :— 



II. 



(For a fourth suggested formula, c/. Balls, 
Hewitt, and Winmill, Chem. Soc. TranB. 1912. 
101, 1840.) 
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Of these, formula I. f originally proposed by 
Bernthsen (Ber. 19, 2690), is constructed in 
accordance with the older * peroxide ’ formula 
for quinone, which is not used now, and may 
therefore be disregarded. 

Between II. and 111., the para-quinoid and 
the ortAo-quinoid formulae, a decision could be 
arrived at by the behaviour of the substance 
with nitrous acid, since 11. contains only one 
amino- group, whilst III. possesses two. One 
amino- group can be readily removed by diazo- 
tisation in the ordinary way, yielding aposafra¬ 
nine, whilst; the second group is considerably 
more resistant; but Kehrmann (Ber. 1896. 29, 
2316), by dia/.otissng the sulphuric acid solution 
of aposafranine, succeeded in removing the 
second amino- group, obtaining by this means 
phenyl phcnazonium chloride: 



which can only have an or//m-quinoid structure 
(cf. also Nietzki, Bet. 29, 2771). 

A further proof by Kehrmann (Ber. 30. 
1565, 2620; 33, 395) consists in the fact that 
on treating phonylphcnazonium chloride with 
ammonia an amino- group is added on (just as 
quinone, for example, adds on hydrochloric 
acid) yielding leucoaposafranino; 



which oxidises at once in air to aposafranine 
itself; if the latter be then acetylated and 
again treated with ammonia a further amino 
group is added on yielding acetylphenosafranino : 



Such a synthesis is readily explicable on the 
ortho -quinoid hypothesis, but it would be difficult 
to understand how ammonia could add on to 
the non-quinoid nucleus were the para-quinoid 
structure accepted. 

We may therefore take it that the behaviour 
of the azine group of dyes can be best explained 
by the assumption of an ort/m-quinoid structure, 
but the possibility of tautomeric change into 
the p-quinoid form must not be lost sight of. 

Kehrmann, Havas, and Grandmougin, and 
their pupils, have carried out a good deal of 
research in reCent years on the structure of the 
azine dyes. In particular, they ha /c examined 
the behaviour of some plienazonium compounds 
with varying concentrations of sulphuric acid. 
As is wcil known, by increasing the concentra¬ 
tion of the acid striking colour changes are pro¬ 
duced, and the results obtained show that, 
with few exceptions, the number of colour 
changes produced increases with the number of 
amino- groups present in the molecule, which 
they explain by assuming that salt formation 
Lakes place step-wise, each transformation of a 
basic into a salt group causing a colour change. 

Frequently the second salt of a diamino 
compound exhibits colour and spectral relation¬ 
ships identical with those shown by the salt of 
the monoaimno compound, the effect of the 
acid being to neutralise the chromophoric effects 
of the particular ammo- group, e.g. the ‘ second ’ 
colouration of 1:3, 3:7, or 3:11 diamino- 
phenylphenazonium salts is the same as that of 
the 3-arnino- compound ‘ first’ colouration (Bor. 
16, 2802). 

Where this rule does not hold good the 
assumption is made that a change has occurred 
from ortho- to para -quinoid structure, or vice 
versa. 

Most of tho researches of these investigators 
are of too theoretical a nature to be considefed 
in the present article, but it is worthy of note 
that, they -bring forward evidence which tends 
to show that the assumption of such a change 
in the structure of azine dyes from ortho - to 
/wm-quinoid rests to some extent on an experi¬ 
mental basis. Thus Grandmougin and Smirous 
(Ber. 46, 3425) consider that the green tri-acid 
safranine salts obtained on solution in sulphuric 
acid are mixtures of a yellow o-quinoid, and a 
blue p-quinoid compound, and it was found 
that on treating such green solutions with 
sodium nitrite they at first undergo only partial 
diazotisation, but on standing for some days the 
para- form is slowly rearranged into the ortho- 
quinoid form, and is bis-diazotised so that on 
pouring into alcohol phenylphcnazine is formed. 

Balls, Hewitt, and Newman (Chem. Soc. 
Trans. 1912, 101, 1840), from an examination of 
the absorption curves of various azine dyes, 
consider t.heso to confirm the tautomeric struc¬ 
ture of the safranines, the structure changing 
from ortho - to para-quinoid, according to con¬ 
ditions : 



para 
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Regarding other recent developments we 
may note that phenazine has been produced 
by Zcrevitinov and Osstromuisslenski (Her. 44, 
2402) by heating nitrobenzene with barium oxide 
at 200°-280° t\, the only other substance pro¬ 
duced being aniline. - • 

Another synthesis from o-nitranilinc and o- 
nitrobrombenzci.e, using cuprous chloride as a 
catalyst, is described by Eckert and Steiner 
(Monatsh. 1914, 35, 1153). 

On the purely technical side we may note 
that Bayer & Co. (D. R. P. 230450) describes 
the production of green azmc dyes of the 



from 1:3-diarylnaphthylene diamines or their 
sulphonic acids. By oxidising alkylbcnzvl- 
anilino sulphonic acids with derivatives of 
diphenylamme sulphonic acids of the general 
formula: 

(H a N)*(S0 8 H): C 6 H 3 NH C 6 H 4 X 
(X—hydrogen or aralkyl) 

» 

to the corresponding indamine, and then the 
latter with an aromatic amine, safranine sul¬ 
phonic acids are produced (Akt. ges. f. Aniline 
Fab.; Fr. Pat. 417609). 

In Fr. Pat. 420790 (D. R. P. 243491) the 
Farbwerke Hochst claim the production of a 
safranine disulphonic acid by the joint oxida¬ 
tion of p-iminodiphenylamine sulphonic acids, 
sulphanilic acid, and monosulphonic acids of 
tertiary amines in which the para - position is 
free, such as alk* 1-benzyl-aniline sulphonic 
acids. 

J. D. Riedel claims the manufacture of 
azine dyes by the action of w-toluylene diamino 
and a-naphthylamine upon p-nitrofo phenyl- 
glycine (Eng. Pat. 22694, 1913 ; D. R. P. 
208208 ). 


Basic safranine dyes result from the con- 
densation of nitrosomethyl-o-toluidine and m- 
aminomethyl-p-toluidine, giving yellowish-red 
prints on cotton. A better method is to pro¬ 
duce these safranine dyes by oxidising a mixture 
of methyl-p-toluylonediaminc and methyl-»p 
toluylenediamino (Durand, Huguenin a Co., 
Eng. Pat. 2933, 1915; 1). R. P. 282346, 
287271).. 

Bayer & Co. claim the production of com¬ 
pounds of basic dyes of the safranine series by 
converting the dyes or their salts into the corre¬ 
sponding gallocarboxvlic acid salts (4). R. P. 
285500). ' 

A somewhat fresh application of safranines 
is given by the Saccharin Fabrik vorm. Fahlberg 
| List & Co., who claim the treatment of pheno- 
safranine and its hoinologucs with merctiry 
salts, the resultant mercurised safranines 
possessing therapeutic properties (D. R. P. # 
280097). 

Another therapeutic use for safranine deriva¬ 
tives is described by the Akt. Ges. f. Aniline 
Fab. (Fr. Pat. 403357), who claim the prepara¬ 
tion of a substance by combining tolusafranine 
I with tannin in hot 8 p.c. soda lye, and pre¬ 
cipitating the pifiduct with salt; it forms a red 
powder slightly soluble in water, soluble in con¬ 
centrated sulphuric acid to a green solution. 
It has no purgative action, and may be used as 
a drug for the'treatment of trypanosoma and 
other protozoic infections. 

Finally, it. should be noted that recent work 
by Green and others (Ber. 44, 2570 ; 45, 1955 ; 
40, 33 ; Proc. Ohom. Noe. 28, 250, 1912 ; Chem. 
Soc. Trans. 97, 2388) has proved that aniline 
I black is a complex azine derivative (see Aniline 
black). The indulincs and nigrosines are also 
complex derivatives containing azine nuclei 
(see Indulines and Niouosines). * 

F. A. M. 

AZOBENZENE C l2 H 10 N 2 . A product of the 
partial reduction of nitrobenzene, obtained by 
Mitscherlich (Annalcn, 12, 311) by boiling an 
alcoholic solution of nitrobenzene with potash 
and distilling the product. ♦ 

Preparation —A zo hen zone is obtained by 
acting with sodium amalgam (4-5 p.c. of 
sodium) on nitrobenzene dissolved in ether con¬ 
taining water (Werigo, Annalon, 135,170; Alexe- 
jeff, J. 1864, 525; Rasenack, Ber. 6, 367); the 
product, according to Alexejoff (J. 1867, 603) is 
azobenzene or azoxybenzeno, according as the 
sodium amalgam or nitrobenzene is in excess. 
On the largo scale azobenzene is prepared by the 
reduction of nitrobenzene in alcoholic solution 
with zinc-dust and aqueous soda. In this re¬ 
action the reduction tends to go further, and 
some hydrazobenzene is also obtained; this, 
however, is readily oxidised to azobenzene if 
nitrous fumos are passed into the alcoholic solu¬ 
tion of the product (Alexejeff, J. 1867, 503). 
Azobenzene can also be prepared by distilling 
azoxybenzene (1 part) with iron filings (3 parts) 
(Schmidt and Schultz, Ber. 12,484); by heating 
nitrobenzene on a water-bath with the calculated 
quantity (2 mols.) of stannoun chloride dissolved 
in excess of aquoouB oaustio soda (Witt, Ber. 
18, 2912); by reducing nitrobenzene in aieoholio 
solution with magnesium amalgam (yield 95 p.c.) 
(Evans and Fetsch, J. Amcr. Chem. Soo. 1904, 
11158); by reducing ^itrobenzeno with alkali 
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sulphide in the presence of alkali (Farb. vorm. 
Mewter, Lucius, and Briining, D. R. P. 216246, 
J. 800 . Chem. Ind. 1909, 1310); by heating 
nitrobenzene with ohareo«l and alkali (Farb. 
votm. Fried. Bayer k Co., I). R. P. 210806; 
Chem. ^entr. 1909, 2, 163); by treating phenyl- 
hydrazine with bleaching powder solution (Brun¬ 
ner and Pelet, Ber. 1897, 284). Azobenzene 
can be prepared by the electrolytic reduction 
of nitrobenzene in the presence of alkali (Elba 
and Kopp, J. Soc. Chem. Ind. 1898, 1137 ; Lob, 
Ber. 1900, 2329; Farb. vorm. Fried. Bayer & 
Co., B. W. PP. 121899 and 121900; Chem. 
Zentr. 1901, 2, 163; Farb. vorm. Moistor, 
Lucius and Briining; D. R. P. 141635; ('hem. 
Zentr. 1903, (i.) 1283; and Farb. vorm. Weiler- 
ter-fyeer, D. R. P. 138496; Chem. Zentr. 1903, 
(i.) 372). 

Properties.— Azobenzene crystallises in large 
yellowish-red crystals belonging to the mono¬ 
clinic system (Boeris, R. Accad. Linoei, [ 6 ] 8 , i. 
676), and to the rhombic system (Alexejeff, Chem. 
Soo. Abstr. 42, 965); melts at 68 °, boils at 293°, 
and is readily soluble in alcohol and ether, in¬ 
soluble tn water. From benzene it crystallises 
with benzene of crystallisation in rhombio prisms, 
which' lose benzene on exposiifre to the air. 
Weak reducing agents, such as ammonium sul¬ 
phide or zinc-dust in alkaline solution (Alexeieff, 
Annalen, 207,327) or phenylhydrazine (Walther, 
J, pr. Chem. 1896, 64, 433), convert azobenzene 
into hydrazobenzene, but benzidine is obtained 
when stronger reducing agents such as sul¬ 
phurous acid or hydrogen iodide are employed 
(Bordenstein, D. R. P. 172569; J. Soo. Chem. 
Ind. 1907, 272), or the alcoholic solution is 
treated in the cold with stannous chloride and 
a little sulphuric acid (Schultz, Ber. 17, 464; 
Mentha and Ifeumann, Ber. 19, 2970). Azo¬ 
benzene can also be electrolytically reduced to 
benzidine (Lob, Ber. 1900, 2329; when heated 
with ammonium hydrogen sulphite and alcohol 
under pressure, it is converted into benzidme- 
sulphamic acid (Spiegel, Ber. 18, 1481). When 
melted with p-phenylenediamine in the 
presence of ammonium chloride, it yields a 
soluble induline dva (Farb. vorm. Fried. Bayer 
& Co., I). R. P. 53198 ; Ber. 1891, Ref. 137). Azo- 
benzene yields a mixture of mono , di-, and tri- 
n&roazo benzenes when treated with fuming 
nitric acid (Gerhardt and Laurent, Annalen, 75, 
73; Janovsky and Erb, Ber. 18, 1133; 19, 
2157; Janovsky, Monatsh. 7, 124 ; Werner and 
Stiasny, Ber. 1899, 3256): ordinary sulphuric 
acid dissolves it without alteration, whilst 
the fuming acid at 130° converts it into 
azobenzehemonosulphonic acid (Griess, Annalen, 
164, 208; Janovsky, Monatsh. 2, 219); 

chromic acid oxidises it to carbon dioxide 
and nitrogen (Be Coninck, Compt. rend. 1899, 
.128, 682). The bromine derivatives of azo¬ 
benzene have been examined by Werigo (Anna¬ 
len, 165, 189), Janovsky ( l.c .), and Mills (Chem. 
Soc. Trans. 1894, 61). 

AZOBENZENE RED v. Azo- colouring 

MATTERS. 

AZO-BLACK or NAPHTHOL BLACK v. Azo- 

COLOURING MATTERS. 

'AZO-BLUE r. AZO- COLOURING MATTERS. 

AZO-C'JSciNE V. Azo- COLOURING MATTERS. 

AZO COLOURING MATTERS. 

History .—The colouring matters of this 


class contain one or more azo-groups— -N : N— 
linking together aromatic radicals. The typical 
parent suCstanee from which these compounds 
may be regarded as being derived is azobenzene. 
C 8 TT 5 *N:N*CgH., which has been known since 
the year 1834 (Mitscherlich, Annalen, 12, 311). 
The basio and acid derivatives of azobenzene 
are all colouring matters, the amino- derivative, 
n minoazobenzone, having been the first of 
these compounds which was prepared and intro¬ 
duced into commerce on anything approaching 
a large scale by the firm of Simpson, Maule, ana 
Nicholson in 1863. This substance was pre¬ 
pared by the action of nitrous gases on aniline 
dissolved in alcohol, and was known in the 
market by the name of * aniline yellow,’ the 
truo constitution of the colour being at the time 
unknown. The introduction of the first azo- 
colour into commerce is thus due to the firm 
above mentioned, although the production of 
the colour itself appears to have been previously 
observed by M£rie\Compt. rend. 1861, 52, 311), 
Luthringer (Fr. Pat. 50901, Aug. 30, 1861), 
and Griess (Annalen, 1862, 121, 262, note). 
The first researches on the diazo- compounds 
(as distinguished from azo- compounds) were 
published in 1858 by Griess (Annalen, 106, 123), 
who in 1862 discovered a compound produced 
by the action of nitrous acid on aniline, to which 
he gave the name of * diazoamidobenzol ’ 
(Annalen, 131, 257). The latter was, however, 
a true diazo- compound, and on comparing it 
with the ‘ aniline yellow ’ of commerce it was 
found that the two substances were isomeric, 
a discovery which led to the establishment of the 
true formula of aminoazobenzene by Martius 
and Griess in 1866 (Zeitsch. Chem. N. F. 2, 132). 
In this same year a brown dye was sent into the 
market by the firm of Roberts, Bale, and Co., 
of Manchester, and this colouring matter (known 
as Manchester Brown, Vesuvine, Phenylene 
Brown, or, more generally, Bismarck Brown) 
wae investigated by Caro and Griess, and 
identified as an azo- compound in 1867 (Zeitsch. 
Chem. N. F. 3, 278). These chemists regarded 
it as triammoazobenzene, but G. Schultz 
(Chemie des SteinkohlentheerB, 2nd ed. 2, 193) 
showed that it is benzene-1 : 3-disazophenyl- 
enediamine. This compound still occupies an 
important place in the tinctorial industries, 
whilst the earlier known aminoazobenzene 
(aniline yellow) has beon completely abandoned 
on account of its fugitive character. It is, how¬ 
ever, used in the preparation of other azo- 
colouring matters and indulines. In 1876 a 
beautifully crystalline orange colouring matter 
made its appearance as a commercial product 
under the name of 4 chrysoldine,’ its composi¬ 
tion and constitution having been established 
by Hofmann (Ber. 1877, 10, 213), who showed 
that it was diaminoazobenzene. This colouring 
matter was discovered almost simultaneously by 
Caro and Witt, independently, in 1876, but was 
first introduced into corameroe by the latter, 
the manufacture having been carried out by 
tho firm of Williams, Thomas, and Bower, of 
Brentford and Fulham. 

Tho manufacture of chrysoidine was the 
first industrial application of Griess’s discovery 
of the diazo- compounds, tho colouring matter in 
question being prepared by the action of a di azo¬ 
salt (diazobenzene chloride) on tn-phenylene- 
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diamino, and this manufacture was soon 
followed by the appearance of acid azo- com¬ 
pounds prepared by the action of diaz&ulphonio 
acids on phenols. The typical parent substance 
of these acid azo- colours may be regarded as 
hydroxyazobenzene, C e H,’N 2 , C e E 4 , OH, which 
wfui first prepared by Griess in 1864 (Phil. Trans. 
153, 679). The general method by which the 
azo- colours are now prepared is an application of 
the reaotion between diazo- salts and phenols 
in alkaline solution, first made known by Kekule' 
and Hidegh (Ber. 1870,3,233), the first colouring 
matters of this class having been introduced by 
Witt under the name of * Tropseolines * (Chem. 
Soo. Trans. 1879,35,179), and simultaneously by 
Poirrier, of St. Denis, under the designation of 
‘ Orange * of various brands. Since the first 
appearance of the acid azo- colours immense 
numbers of these compounds have been sent 
into oommerce under various designations, the 
fir^u patent having been taken out by Griess m 
1877 (E. P. 3698), and being quickly followed 
by others, which will be referred to in due order. 
Of the acid azo- oolours described in the earlier 
specifications, the most successful from an 
industrial point ot view were those manufactured j 
by the Badische Anilm-^und Soda-Fabrik (Ber. i 
1879, 12, 1364), and by Meister, Lucius, and j 
Briining, of Rochet (ibid. 144). 

The next step of important in the industrial 
history of the azo- colours was the introduction 
of di8azo- compounds, containing two azo- groups. 
The typical oompound of this class is benzeneazo- 
benzeneazophen ol C,H 5 ’N 2 *0,11 4 N s *C fl H 4 *011, 
discovered in 1877 by Caro and Sehraube (Ber. 
10, 2230). In 1879 appeared the ‘ Biebrich 
scarlet’ of Nietzki (Ber. 1880, 13, 800, 1838), 
which was introduced by the firm of Kalle A 
Co. of Biebrich This dyostuff is prepared by 
combining diazotised aminoazobenzenedisul- 
phonic acid with /3-naphthol, and was the first 
of the secondary disazo- compounds. The first 
primary disazo- colouring matter, * Resorcin 
brown, waB discovered in 1881 by Wallach, 
who oombined two molecules of a diazo- com¬ 
pound (m-xylidine and sulphanilic acid) with one 
molecule of a phenol (resorcinol)". In 1884 a 
very important discovery in the history of azo- 
oolouring matters was made by P. Bottigor, who 
found that tho disazo- compound obtained by 
Combining the tetrazo- salt prepared from i 
benzidine with naphthionio acid possessed the [ 
valuable property of dyeing cotton direct, with- , 
# out the use of a mordant. This colouring ! 
matter was put on the market by the Aktienge- 
sellsohaft fiir Aniliufabrikation, under the name 
of * Congo red.’ This discovery has given rise 
to the production of a very large number of 
similarly constituted oolouring matters, which 
appear on the market under the names of benzo-, I 
Congo-, diamine-, and other dyestuffs. In the 
following year another important development 
was announced by the introduction of the first 
satisfactory black azo- colouring matter (naph- 
thol black) for wool. This was discovered by 
Hoffmann and Weinberg, and placed on the 
market by L. CasseHa & Co. In 1887 A. G. 
Green found that primuline, which he had dis¬ 
covered, dyed cotton direct, and thaX the yellow 
oolouring matter when thus dyed on. the fibre, 
oould be diazotised and oombined (developed) 
with /3-naphthol, m-phenylenediamine, and 


I similar ‘ developers,’ thus giving rise to a series 
! of new azo- dyestuffs (Ingrain oolours). This 
discovery led to the manufacture of many azo* 
colouring matters whioh were capable of being 
similarly diazotised and developed on the fibre 
! ( e.g . diamine black), as also to the production of 
: azo- colouring matters on the fibre by treating 
the fibre already dyed with an azo- colour with 
a diazo- compound (e.g. benzonitrol colours). 
In both cases darker and faster dyeings are 
obtained. 

The first direct cotton black (diamine blaok, 
RO) was discovered in 1889 by Gaffe (Cassella 
A Co.), and in 1891 Hoffmann and Daimler 
prepared the find, green colouring matter of this 
kind (diamine green). 

A modified method of the process introduced 
in 1880 by Read Holliday and Sons, of producing 
insoluble azo- colouring matters directly on tfye 
fibre, has been largely developed of late years. 
The first example of this, viz. the combination 
of diazotised p-nitroaniline with /8-naphthol 
(‘ parauitraniline red ’) still holds the place of 
greatest importance. 

Manufacture.— The general method of pre¬ 
paring tho azo- colours on a large scale depends 
upon the reaction between a diazo- salt, fisually 
the chloride, and a phenol or phenolsulphonio 
acid in presence of an alkali, as typified by the 
following example:— 

C 4 H 6 -N 2 Cl+C fl H 5 ONa 
DJazobcnzene Sodium 
chloride. phenoxide. 

«C,H i -N l -C i H 4 -OH+Naa. 

Benzeneazoph enol. 

Aminosulphonio acids or aminocarboxyho 
acids when diazotised react in a similar manner : 


c * H *<so,> +«.a.-0N* 

DiazoRulphanlUc Sodium 



Sulphobenzeneazophenol (sodium salt). 

Preparation of the diazo - salts .— The amine 
to be diazotised is usually dissolved in about 
10 parts of water and ono equivalent of hydro¬ 
chloric (more rarely sulphuric) acid. For 
diamines twice this amount of acid is taken. 
The solution 1 is now cooled by adding ice until 
the temperature is, in the case of aniline, the 
toluidines, the xvlidines, Ac., 0*-2°, or, in the 
case of the naphthylamines, the nitroanilineg 
and diamines such as benzidine, tolidine, 
dianisidine, Ac., 5°-10°. This is done by adding 
ice to the solution. More acid (l£-2 equiva¬ 
lents) is now added (or 3-4 in the oase of 
diamines), and a solution of the calculated 
quantity of sodium nitrite is ruu in, sufficient 
being used to give a reaction with starch-iodide 
paper after the whole haB been mixed for two 
or three minutes. (For velocity of diazotisation, 
see Hantzsch and Schumann, Ber. 1899, 32, 
1691 ; Schumann, ibid. 1900, 33, 527 ; Tassilly, 
Compt. rend. 1913, 157, 1148; 1914, 158, 335, 
489). In certain cases (e.g. a-naphthylamine, 
p-nitroaniline, Ac.) it is better to add the 
nitrite all at once in order to avoid the formation 
of the diazoamino- compound. In diazotiaing 
such compounds as give an insoluble diazo* 

1 Some of the diazosulphonic acids, such as dl&so- 
naphtifionlc acid, are Insoluble in water, and are there* 
fore employed In a state of suspension. 
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derivative, as, for example, p-sulphobenzeneazo- 
a-liaphthylamine* or p-acetylaminobenzeneazo- 
a-naphthylamine, and which themselves are 
insoluble in acids (under the above conditions) 
it is advisable to use an excess of nitrite and 
to stii, the ice-cold mixture for several hours. 
Special methods have to be employed to diazo- 
tiso amines containing sev oral negative groups ; 
the operation may often be effected by carrying 
it out m the presence of excess of 50 p.c. sul¬ 
phuric acid, and Witt has shown (Be*. 1909, 
42, 2953) that’ diazotisation is easily brought 
about id* these cases by employing strong 
nitric acid. Other substances which are difficult 
to diazotise satisfactorily are those which are 
readily oxidised by the nitrous acid, such as 
the, 1 :2- and the 2 : 1-aminonaphthols and 
their sulphonic acids. In this case the diazotisa¬ 
tion may be done in the presence of zinc or 
copper salts (compare E. I*. 10235 of 1904 ; 
D. R. P. 171024, 172440 ; F. P. 353780) or by 
means of zinc nitrite. Another method is to 
diazotise in presence of an excess of acetic or 
oxalic acid (compare 1). R. P. 135083, 175593, 
also E. P. 2940 of 1890). 

Difficulties are often encountered in en¬ 
deavouring to diazotise certain diamines. 
o-Phenylene- and tolyleno-diamines cannot bo 
diazotised, as theyyicid the azimino- derivatives, 
and, under the usual conditions, the meta¬ 
diamines furnish Bismarck brown; but if the 
diamine is run into a mixture of nitrite and acid 
the tetrazo- compound may be obtained (Griess, 
Ber. 1886, 19, 317 ; Tauber and Walder, Ber. 
1897, 30, 2901; E. P. 1593 of 1888; D. R. P. 
103685). In the case of p-phen\ lonediamine 
and certain diamines of the naphthalene series 
diazotisation is brought about indirectly, as the 
direct action of nitrous acid often leads to a 
mixture of the mono- with the bis-diazo- (or 
tetrazo-) compound. Either the corresponding 
nilroamine or the monoacetvlated diamine 
is employed. This is diazotised and combined 
with a component in the usual way {see below), 
and then the nitro- group is reduced or the acetyl 
group hydrolysed when the free amino- group 
can then readily be diazotised. Some diamines, 
indeed, can only be diazotised as regards one 
amino-group, the other being quite unattacked. 
In such cases {e.g. o-nitro-p-phonvlenediamine, 
1: 4-naphthylenediamine-2-sulphonic acid—the 
latter being diazotisable only in acetic or oxalic 
acid solution) the monodiazo-salt is combined 
with a component and then the remaining 
amino- group, which before resisted all attempts 
at diazotisation, is easily diazotised (compare 
Biilow, Ber. 1896 29, 2285; E. P. 2946 of 1896). 
(For further information on this subject, Bee 
Cain, The Chemistry and Technology of the 
Diazo- Compounds, Arnold, 1920.) 

, Combination {coupling) of the diazo- compound 
with a component {phenol or amine) to form an 
azo - dyestuff. 1 —Before the diazo- solution is pre¬ 
pared ji solution of a phenol or amine is made 
reedy so that no delay may occur before coupling 
takes place. As a general rule, phenols are 
combined in alkaline and amines in acid (acetic) 
solution. In the case of phenols or naphthols 
•» o 

1 For the mechanism of the reaction, see Charrier 
Gait. chlm. ital. 1914, 44,'U. 503; Auwers and 
Iflchaalis, Ber. 1914, 47, 1276: Meyer. Irachick and 
BchUtoer, ibid 1741; and Kiprer Ber. 1915, 48, 1898. 


the substance is first dissolved in the calculated 
amount of sodium hydroxide, the solution diluted 
with wfffcer, and sodium carbonate added in 
sufficient quantity to ensure an alkaline reaction 
being obtained at the end of the combination 
(j.e. a little more than one molecule of sodium 
carbonate to each molecule of hydrochloric 
acid, s6 that s<Mium hydrogen carbonate may 
be formed). When phenolic sulphonio acids 
are tho components, they may be dissolved ip 
sodium carbonate instead of hydroxide. The 
phenolic solution, having been cooled to about 
10°, is now ready, and the diazo- solution is 
run in gradually with constant stirring. Com¬ 
bination takes place at once,i and when 
all the diazo- solution has been added, the 
mixture must be tested to ensure an alkaline 
reaction, and tho presence of a slight exoess 
of the phenol (about 2-5 p.c. excess of the 
theoretical amount is usually taken). The 
next day the colouring matter is filtered through 
filter presses. If it' has separated out, no further 
treatment is necessary, but if it is still partly 
or \\ holly in solution, it is ‘ salted out ’ (hot or 
cold) by adding common salt until a spot on 
filter paper shows only a faintly coloured rim. 
In raro cases tho precipitation is effected by ? 
acidifying. The filtration is best effected by 
the aid of compressed air and the press cake 
i3 spread on trays and dried. The dry lumps 
are then ground in a mill, adjusted to ‘ type ’ 
or * standard * by means of common salt, sodium 
sulphate, &c., and the product is then ready for 
the market. In cases where the possibility of 
the formation of a disazo- dyestuff is present 
(dihydroxy- compounds, a-naphthol, &c.), the 
coupling may advantageously bo carried out in. 
acetic acid solution. 

The procedure adopted in the case of amines 
is very similar to the above. The amine is 
first dissolved in the appropriate amount of 
hydrochloric acid, the solution diluted and 
sufficient sodium acetate added to ensure that 
uo free mineral acid remains at the end of the 
combination (in rare cases coupling is effected 
in mineral acid or alkaline solution). When 
the combination is complete, the dyestuff is 
filtered off either as it is or after having been 
rendered alkaline. 

Many disazo- dyestuffs are prepared by com¬ 
bining two molecules of the same or different 
diazo- compounds with an aminonaphthol- 
sulphonio acid. In this case combination is 
effected first in acid solution and then the, 
monoazo- dyestuff thus formed is rendered* 
alkaline, and the second molecule of diazo¬ 
compound added. 

Position assumed by the azo • group in the 
formation of azo- colouring matters. —(o) Benzene 
series ; When the para- position with respect to 
the amino- or hydroxy- group is occupied by a 
hydrogen atom, and no group, such as NO,, 
SO s H, or NR 3 C1, is in the meta- position, the 
azo- group enters the para- position in place of 
the hydrogen atom. . (6) Naphthalene series : 
In corresponding compounds of the naphthalene 
series (a-naphthylamine, a-naphthol) tne enter¬ 
ing azo- group also takes up tne para- position, 
but whon,,in a-naphthol, a sulphonic group is 
in the 3- or 5-position with respeot to the 
‘ For the formation of diaxo-oxy- compounds, 
paper by Dlmroth and Hartmann, Ber. 1908, 41, 4012. 
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hydroxv- group, or a nitro- or NR 8 C1- group is 
in the 3- position the azo* group enters the 2. 
position. • 

When the para- position is substituted, 
the azo- group enters the ortho-(2)* position, 
but if the para- substituent is a carboxy- 
group, this is usually displaced by the azo* 
group. • 

When diazo- compounds act on jS-naphthyl- 
amine or ^-naphthol. the azo- group enters 
position 1 (in the ortho- position with respect 
to the amino- or hydroxy- group). If the 

1- position in /J-naphthol is occupied by a carb- 
°xy- group, this is displaced (compare also 
Scharwin and Kaljanoff, Bor. 1908, 41, 2056 
and article on Disazo- and Tetrazo- colour- j 

INO MATTERS). 

Differing capacity for combination.— As will : 
have been gathered from the preceding para¬ 
graph, the azo- group never enters the mota- 
position with respect to an amino- or hydroxy- J 
group. Further, a component in which the para- 
position is occupied by a substituent group is 
not so readily attacked (in the ortho-.position) 
as one that is not substituted (when the azo¬ 
group enters the para-position). Moreover, the 
capacity for combination depends also on the 
kind of diazo- compound employed, thus 2- 
naphthol-8-sulphonio acid and 2-naphthoi- 
6:8-disuIphonic acid in d*ute solution do not 
combine at all with diazotised xyliduie or 
aapkthylamiiro, whilst diazotised aniline, amino- 
azobenzenc, aminoazobonzonesulphoiiic acid and 
naphthylaminesulpkonic acids couple easily 
with them. The combination with diazotised 
xylidine and naphthylamine can, howovor, be 
made to take placo in concentrated solution. 
The diazo- compound of p-nitroanilme, in most 
cases, combines with extreme ease. Finally, 

2- naphthylamine-0:8-disulphoine acid does 
not combine with any diazo- compound. (Foi 
measurement of the rate of formation of dye¬ 
stuffs, see Goldschmidt, Ber. 1897, 30, 670, 
2075; 1899,32,355; 1900, 33, 893; 1902, 35, 
3534 ; Veley, Trans. Cliem. Soc. 1909, 95. 
1186.) 

Considering now the formation of azo¬ 
dyestuffs from tetrazotised diamines, it should 
be noted that diamines of the type of benzidine 
furnish tetrazo- compounds which can either be 
combined with two molecules of one component 
(phenol or amine) or with one molecule each of 
two components, and the reaction can thus be 
divided into two stages. This holds good even 
when one component only is used; thus tetrazo- 1 
tised benzidine combines almost at once with ! 
one molecule of naphthionio acid, forming a 
so-called intermediate product; but the second 
moleoule of naphthionic acid combines with this 
only slowly. Here also a difference in combining 
power is to bo noted, thus tetrazotised benzidine 
combines more readily than does the correspond¬ 
ing compound from tolidine. 

General properties.— (1) Action of alkalis. 
Hydroxyazo- dves containing a sulphonio or 
carboxylic group usually form differently 
ooloured salts, and consequently the addition 
of sodium hydroxide to their solutions produces 
a modification in the shade (<*)mpare Hewitt 
Mitohell, Trans, 1907, 91, 1251), The 
isomeric colouring matters prepared from 


a- anJ /3-naphthol show a characteristic differ¬ 
ence in that only those derived from the former 
are changed by sodium hydroxide (e.g. benzo- 
azurine, &c.). 

(2) Action of cold dilute acids. Dyestuffs 
containing amino- or substituted amipo- groups 
generally undergo a change when trtatea • with 
ililuto acid (compare Fox and Hewitt, Trans. 

1908, 93, 333 ; Hewitt and Thomas, ibid 

1909, 95, 1292; Hewitt and Thole, ibid. 1909, 
95, 1393; 1910,97,011). In the ca B e of Congo 
red and methyl orange this change is so pro¬ 
found that these colouring matter oan be used 
as indicators. 

(3) Action of cold concentrated sulphuric 
acid. Nearly all azo- colouring matters give 
characteristic colour changes with this reagent, 
and it is often used as an aid in tho detection 
of dves. Mixtures of dyes, when covered with 
sulphurio acid, often reveal themselves 1>)* tho 
various colours produced by the particles as 
they become dissolved. There are certain re¬ 
lationships between the colour of the solution 
of azo- d>ca m sulphurio acid, and therefore of 
their absorption spectra and thoir chemioal 
constitution. Thus tho dyestuff from amino- 
azobcnzonesulphonio acid and / 3 -naphthoI gives 
a green colour, those from the same (diazotised) 
amine and /3-naphtholsulphonic acids, a blue, 
and those from aminoazobenzene and its 
homologues combined with /3-naphtholsulphonio 
acids a red violet (compare Ber. 1880, 13, 1840 ; 
Vogel, Sitzungsbcr. K. Akad. Berlin, 1887, 34, 
715; Ber. 1889, 22, 634, 2062; Schutze, 
Zeitseh. physikal. Cliem. 1892, 9, 2; Grebe, 
Diss. Leipzig, 1892). 

(4) Action of hot hydrochloric acid. Certain 
azo- colourmg matters, Buch as, for example, 
aminoazobonzene, are decomposed when boiled 
with concentrated hydrochloric acid ; reduction 
and oxidation take place accompanied by 
chlorination. In tho instance quoted phenyl* 
enediamine, aniline, and benzoquinone or its 
chloro- derivatives are produced (Wallack and 
Kbllikcr, Ber. 1884, 17, 395). 

(5) Action of hot sulphuric acid (Witt, Bor. 
1887, 20, 671). Azo- colouring matters which 
are derived from phenyl- or tolyl-^-naphthyl- 
amine by tho action of diazo- compounds on 
these bases, when boiled with moderately 
dilute sulphurio acid, yield the bases, or their 
sulplionic acids, from which the diazo- compound 
was prepared, together with naphthazines. 
Thus the dyestun obtained by combining 
diazotised sulphanilio acid with phenyi-jB- 
naphthylamine, is decomposed into sulphanilio 
acid and phenonaphthazino: 

80,11 C.H ,-N J O 10 H,NHC,H, „ 

-SO J H€,H 1 -NH 1 +C 10 H,^f>C < H, 

(6) Action of nitric acid. Azo- colouring 
matters are readily attacked by nitrio acid, 
and the course of the reaction depends largely . 
on the conditions of temperature and concentra¬ 
tion. By the modcrato action of nitrio aoid, 
the dyestuff may simply be nitrated, thus 
diphenyiamine orange yields curcumeine and, 
by further action, azo- acid yellow, the dyestuffs 
in both cases, however, being accompanied by 
some nitrodipfrenylamine produoed by the 
fission of the azo* group. Also when ffimzol 
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(diazotised toluidine combined with salicylic 
aoid) is nitrated, it yields Persian yellow (o-nitro- 
tolueneazoealioylio acid) (compare Ber. 1906, 40, 
4207). 

Methyl orange is decomposed even by oold 
dilute nitric acid ; a methyl group is eliminated 
in the prooess, and dinitromonomethylaniline 
is produced. The presence of a diazo- compound 
can also be detected (Fox, Ber. 1908, 41, 1989). 

Cold fuming nitric acid decomposes many 
azo- colouring matters (particularly those con¬ 
taining an aminq- or hydroxy- group in the 
para- positiop with respect to the azo- group), 
with the production of the diazo- compound 
from which the dye is prepared and the nitro- 
derivative of the other component; thus, 
orange II yields diazotised sulphanilic acid and 
a nitre- derivative of /8-naphthoI, whilst methyl 
orange gives op-dinitrodimethylanilme, tetra- 
nitfodimethylaniline and diazotised sulphanilic 
acid (0. Schmidt, Ber. 1905, 38, 3201). 

Certain hydroxyazo- compounds combine 
with two molecules of nitric acid forming un¬ 
stable nitrates (Charrier and Ferjgeri, (jazz, 
chim. ital. 1913, 43, ii. 148; 1914, 44, i. 120, 
165, 405). 

Finally, warm nitric acid usually decomposes 
azo- dy'estuffs, with the production of nitro- 
phenols or bases. 

(7) Action of chlorine and bromine. All azo¬ 
colouring matters are readily attacked by 
chlorine or bromine. Fission generally takes 
place at the azo- group with the production of 
halogenated phenols (compare Schmidt, J. pr. ! 
Chem. 1912, (u.) 85, 235), but some dyestuffs are 
converted into substitution products (compare 
Ber. 1884, 17, 272). 

(8) Action of reducing agents. Reducing 
agents, such as zinc-dust and water, zinc-dust 
and ammonia, or- sodium hydroxide, zinc-dust 
and dilute acids, tin and hydrochloric acid, 
stannous chloride, a solution of sulphur in 
sodium sulphide (Cobenzl, Chem. Zeit. 1915, 39, 
859), or sodium hyposulphite (technically known 
as ‘ hydrosulphite ’) (Grandmougin, Ber. 1900, 
39, 2494, 3061, 3929 ; compare also J. pr. Chem. 
1907, (ii.) 76, 124 ; Franzen and Stieldorf, J. 
pr. Chem. 1907, (ii.) 76, 467; O. Fischer, 
Fritzen and Eilles, J. pr. Chem. 1909, (ii.) 79, 
562) attack the azo- group and convert it into 
twer amino- groups ; thus : 


NH a C B H 4 N: N*C B H 6 +2H 2 

=NH a -C 6 H 4 -NH 2 +C*H 8 -NH a . 

The base which was used to provide the diazo- 
oompound is thus regenerated, whilst the 
other component is converted into its amino- 
derivative. 

By careful reduction with zinc-dust, dyestuffs 
obtained by the combination of diazotised 
aminoazobenzenesulpholiic acid with phenols 
yield the aminoazosulphonic acid without the 
latter undergoing reduction. Further, nitro- 
azo- dyestuffs can be reduced to the correspond¬ 
ing aminoazo- dyestuff b with sodium sulphide. 
The reduction of azo- dyost.uffs is a useful 
means of attacking the problem of their con¬ 
stitution, although the operation requires 
considerable care (compare Witt, Ber. 1886, 
19, 1719; 4888, 21, 3468, and especially the 
references quoted in connection with reduction 
by hydrosulphite). 


I Azo - dyestuffs are also readily reduced by 
1 titanous chloride, and a process for their estima¬ 
tion by titration with this reagent has been 
worked out by Knecht (J. Soc. Dyers, 1903, 
19, 169; Ber. 1903, 36, 166, 1549; 1907, 40, 
3819). A detailed account of the method of 
carrying out this and other methods of reduc¬ 
tion 1 will be found in Knecht and Hibbert’s 
New Reduction Methods in Volumetric Analysis 
(Longmans). 

(9) Action of sodium bisulphite. When boiled 
with aqueous-alcoholic sodium bisulphite solu¬ 
tion, hydroxyazo- colouring matters give 
sulphurous esters, the hydroxyl group being 
converted into 0*SG t Na (Voroshcov, J. Russ. 
Phys. Chem. Soc. 1911, 43, 771 ; 1915, 47, 
1669; published m French m Ann. Chim. 
1916, fix.] 6, 381 ; 1917, 7, 50). In aqueous 
solution fission takes place (Lopetit and Levi, 
Gazz. chim. ital. 1911, 41, i. 675). 

Identification of azo - colouring mailers on 
the fibre. This is earned out by observing the 
action on the dyed fabric of various reagents, 
for which various tables have been constructed 
(compare ("am and Thorpe, The Synthetic 
Dyestuffs, 4th ed. J918; Lunge, Chemisch- 
technische Untersuchungensmetlioden, Eng. 
trans., edited by Keane, 1911 ; Green, The 
Analysis of Dyestuffs). 

Direct format ion v of azo- colours in the fibre .— 
The production of an insoluble azo- dyestuff in 
the fibre was first achieved by T. and R. Holliday 
(E. P. 2757 of 1880), who impregnated the fibre 
with a- or 0-naphthoI, passed it then through 
a diazo- solution, and finally developed the 
colour by treatment with alkali. An improve¬ 
ment on this process was introduced by the 
Farbwerke vormals Meistcr, Luciu* und 
Briming, in 1889, which consisted in 1 padding ’ 
the fibre (generally cotton) with the sodium salt 
of a phenol (usually /9-naphthol), and passing 
the cloth through a diazo- solution, the free 
mineral acid of which has been neutralised by 
adding sodium acetate. This process is very 
largely used at tho present day, and is applied 
to the greatest extent to the production of the 
so-called ‘ para-red ’ (tho azo- colour obtained 
by combining diazotised p-nitroaniline with 
0-naphthol). The colouring matters produced 
in this way will now bo described. 

Paranitraniline Red. The colouring matter 
was first prepared in substance by Meldola (Chem. 
Soc. Trans. 1885, 47, 657) by combining diazo¬ 
tised p-nitroaniline with 0-naphthol in alkaline 
solution. As stated above, it is now almost 
entirely produced on the fibre. The goods are 
soaked in a bath containing sodium /3-naphth- 
oxide and Turkey,red oil, or thickening materials, 
squeezed out and dried at 65°-80 # . They are 
then passed through the diazo- solution, washed 
and soaped. In order to avoid preparing the 
diazo- solution in the dye-house, various pre¬ 
parations may be used. Thus, ParanitranwM 
extra N paste is a mixture of p-nitroaniline 
with the calculated amount of sodium nitrite, 
and needs only to be stirred slowly into the 
necessary quantity of hydrochlorio or sulphuric 
acid, ice, and water, to produoe the diazo¬ 
solution. A similar product is Benzonltrol 

1 For the estimation with sodium hyposulphite, 
see Grandmougin and Havas, Chem. Zelt. 1912, 80, 
1 1167. 
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paste. Other preparations oontain the diazo¬ 
compound in a suitable form for keepm* 
Thus, Nltrosamine Red is the sodium salt of 
p-nitroanri’diazobenzene (which is very stable) 
and furbishes the Jrue diazo- solution when 
mixed with diluto acid. Azophor Red, Azogen 
Red and Nitrazol C, are mixtures of the diazo¬ 
sulphate with sodium sulphate (whereby sodium 
hydrogen sulphate is produced); they are dis- 
W r^ ei J ^solution filtered, if necessary, 
and neutralised before use with sodium acetau* 
or hydroxide. Paranil is a stable compound of 
diazotised p-nitroaniline and naphthalcne-B- 
sulphonic acid. Paranitraniline red is used as a 
substitute for the red Congo dyestuffs and for 
Turkey rod. It is extracted from the fibre when 
treated with organic solvents, and when the 
fibre is heated to 180®-200 # the dyestuff partly 
sublimes. (For the formation of paranitraniline 
red, see Pomeranz, Zeitsch. Farben. Ind. 1900, 
5, 184 ; Erban and Mebus, Chem. Zeit. 1907,' 
31, 603, 678, 687; Lichtenstein, Zeitsch. 
Elektrochem. 1908. 14, 586 ; Prud’hommo and 
Colin, Rev. Gen. Mat. Col. 1909, 13, 1, 66; 
Bull. Soc. ehim. 1909, (iv.) 5, 779; Buehercr, 
and Wolff, Zeitsch. angew. Chem. 1909, 22, 731 ; 
Justin-Mueller, Bull. Soc. chim. 1910, (iv.) 7, 60.) 
When in the form of a lake it is known as 
Pigment Red G (MA); Autol Red BGL (B.); 
Sitara Red (T. M.). # 

Metanltranlline Orange and Nitro-o-toluidine 
Orange. Prepared as above from diazotised 
m-nitroanilirie or p-nitro-o-toluidine and £- 
naphthol. The former gives yellowish and the 
latter reddish shades of orange. Their use is 
not very extensive, as they are not fast to 
rubbing, and the colours sublime on koeping. 
An orange free from these disadvantages can, 
however, be obtained by using m-nitro-p- 
phenetidine. 

Nitro-o-toluidino orange, in the form of a 
lake, is sold as Pigment Orange R (M.); Fast 
Orange (By.). 

Nltrophenetidine Rose or Blue-red. Here 
o-nitro-p-phenelidine is used as the diazotised 
base. 

Azophor Rose A (M.) is the stabilised diazo- 
oompound of o-anisidine. The compound of 
diazotised o-anisidine and B-naphthol is used as 
a lake under tho names Pigment Purple A (M.); 
Sudan R (A.). 

Naphthol Rose is the stabilised diazo- com¬ 
pound of p-nitro-o-anisidine. 

• Literature.— E. P. 25756 of 1897 : D. R. P. 

98637 ; F. P. 271908. 

Chloranlsidinc Scarlet (M.) is produced on 
the fibre by the aid of diazotised p-chloro-o- 
anisidine. 

Naphthylamine Bordeaux. Prepared on the 
fibre from diazotised a-naphthylamine * and 
B-naphthoL The dyestuff, is used also as a 
pigment colour under the names Carminaph 
Gwnet (D. H.), Cerotine Scarlet 2 R (C. J.), &c. 

Azo Turkey Red is produced by treating cloth 
padded with B-naphthol with diazotised B- 
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1 3e« p. 458 for the full names of firms of which 
these letters are a contraction. 

1 Finely ground a-uaphthylamine sulphate 1 b Bold 

. ..U Cl J .. .i.ui. *_ . 


dlsulphonlc 


naphthylamine. It is a bright scarlet, which, 
however, is not very fast. 

Fast A jo Garnet. Prepared from diazotised 
o-aminoazotoluene and B-naphthol. It is also 
manufactured in substanoe and is used for. 
colouring oils and varnishes under the^* names 
Oil Scarlet (M) (K) (W), Red B, Oil soluble, 
extra cone. (Itemy), Cerotine Ponceau 3 B 
(C. J.), and Fat Ponceau R (K). 

Benzidine and Tolidine Puce. Obtained from 
tetrazotised benzidine or tolidine and B-naphthol. 
Dark garnet to brown shades arc produced which, 
however, are not fast to light. Rather yellower 
shades result by using tetrazotised diaminocar- 
bazole instead of these diamines; when treated 
with copper salts tho tints are very fast to 
liyht. t 

Dianisidlne Blue. Tetrazotised dianisidine 
is combined on the fibre with B-naphthol in 
presence of copper salts. The tetrazo-com ppumf 
is also put on the market as Azophor Blue D, 
a mixture of the tetrazo- compound and alu¬ 
minium sulphate which has been dried in a 
vacuum at 45°. The colour is very fast to 
light, soap, and rubbing. Azcphor Black S is a 
stabilised mixture of the tetrazo- compound of 
dianisidine with other diazo- compounds (from 
benzidine, p-nitroamlinc, and especially m- 
nitroaniline, cf. I). R. P. 83963). 

The production of black insoluble colours 
in the fibre was first effected by the Farbwerke 
vorm. Meister, Lucius und Pruning. The 
cloth is padded with B-naphthol andtragaoanth, 
and treated with a mixture of the tetrazo- 
eompounds of dianisidine and certain other 
bases. The mixture of bases sold for this 
purpose is known as Azo Black Base O, and the 
diazo- compounds are put on the market under 
the name of Azophor Black S. .Cassella & Co. 
liavo introduced a black obtamed by padding 
the cloth with 1:6- or 1 : 7-aminonaphthol, 
and then passing it through diazotised p-nitro- 
anilme so as to form the disazo- colouring matter. 
Tho aminonaphthol is put on the market as 
Amidonaphthol BD and 3 B, and both brands 
are mixtures of the two anjinonaphthols men¬ 
tioned. Full black colours are obtained which 
are fast to soap and chlorine, but they are not 
very easily applied in printing. A black, also 
introduced by the same firm, is produced from 
Azotol C, which is an asymmetric dialkylated 
di-p-diaminoazobenzene (it is identical with 
Kinzlberger’s Ice Black). The base is diazo¬ 
tised and combined with B-naphthol on the 
fibre in the usual way. The latter firm also 
has introduced the use of the diazo- compound 
of aminochrysoidine, and of the tetrazo- com¬ 
pound of pp-diaminodiphenylamine for the 
production of black colours. Other tetrazo- 
compounds recommended Are these of amino- 
benzene-azo-a-naphthylamine (By.) and diamino- 
dimethylcarbazole (M.). 

Nigrophor BASF (B.). Diazotised 2:5- 
dichloroamline is combined with l-amino-8- 
naphthol-5-sulphonic acid in acid solution, the 
monoazo- dy~ is dissolved in sodium hydroxide 
solution, mixed with p-nitrophenylnitrosamine 
and cloth padded with the solution. After 
being dried and exposed to the air a greenish- 
black is produoed on the fibre. a-Naphthyl- 
amine may also' be used instead of p-nitro¬ 
aniline. 
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Literature .—E. P. 1002 of 1895; D. R. P. 
110676 ; F. P. 24424, 245211. 

Another process of producing azo- colouring 
matters on the fibre is by the use of primu- 
line (q.v.). When cotton dyed with this dye¬ 
stuff is treated with a solution containing 
hydrochloric acid and sodium nitrite, the dye¬ 
stuff is diazotised. The cloth is now passed 
through a bath containing the ‘ developer,’ 
consisting of a solution of an amine or a phenol. 
3-Naphthol is mostly used in giving Ingrain- or 
Primuline Red. An orange colour is obtained 
with resorcinol (Ingrain Orange), and a brown 
with m-phenylenediaminc (Ingrain Brown). 
Many direct-dyeing cotton colours which contain 
a diazotisable amino- group (for example, 
diajnine black BH) acquire a faster, deeper, 
and modified shade when similarly diazotised 
0 on the fibre and developed with /3-naphthol 
or m -phenylenediamme. 

In the succeeding portion of this article it is 
proposed to give an account of the most impor¬ 
tant azo- colours which are at present m com¬ 
merce. Each colour will bo treated of under 
its commercial ndme; its chemical formula 
given, and the mode of preparation*and general 
properties briefly described. 

Unless otherwise stated, it may be assumed 
that colouring matters containing a sulphonic 
or carboxylic group are placed on the market 
in the form of their sodium salts. 

The following abbreviations are used for the 
names of firms 1 :— 

(A.) = Aktiengesellsehaft fvir Anilmfa- 

brikation, Berlin. 

(B.) = Badische Anilm- und Roda- 

Fabrik, Ludwigshafen a/Rhein. 

(B.K.) =^Leipziger Amlmfabrik Beyer & 
Kegel. 

(By.) = Faibenfabriken vorm. Fr. Bayer 

& Co., Elberfeld. 

(C.) — Leopold Uassclla & Co., Frank¬ 

furt a/Main. 

(C. J.) — Carl .Jager, (1. m. b. II., Diissel- 
dorf-Derendorf. 

(Cl. Co.) = The (’Jayton Aniline Co., Ltd., 
Clayton, Manchester. 

(Claus & Co.) = Claus & Co., Clayton, Man¬ 
chester (since 1917 amalga¬ 
mated with Levinstein, Ltd.). 

(D.) — Wiilfing, Dahl & Co., Barmen. 

(D. H.) = Dye Works, formerly L. Durand, 
Hugucnin, & Co., Basic. 

(F.) = A. Fischesser & Co., Lutterbach. 

(G.) = Aniline Colour- and Extract- 

Works, formerly John R. 
G*gy, Basle. 

1 Since the la9t edition of this * Dictionary ’ was 
. published a great revival of the Dye Industry has 
taken place in England, France, Italy, America, 
Sweden, and Japan. The principal new companies 
Which have been formed are British Dyes, Ltd. 
(later Incorporated with Levinstein Ltd., under the 
name of British Dyestuffs OorjioratUui, Ltd.), Com- 
pagaie Rationale des Matiereg Colorantes et Produits 
CWmiques (France), Italian National Dyestuff Co. 
tItaly).«The National Aniline and Chemical Co., Inc. 
(America), The A.B. Kemlsk Industrie (Sweden), and 
The Japan Dyestuff Co. (Japan). Other new firms 
manufacturing azo- colouring matters are indicated 
under the particular dyes. « 


(H.) = Read Holliday and Sons, Ltd., 

Huddersfield (now British Dye¬ 
stuffs Corporation, Ltd., Hud¬ 
dersfield branch). 

(I.) = Soci6t6 poub lTndustrieUhimique, 

(formerly Bindschedler und 
Busch), Basic. 

(K.) = Kttlle & Co., Biebrich a/Rhein. 

(K. 8.) = Sandoz & Co. (formerly Kern 
and Sandoz), Basle. 

(L.) = Farbwerk. Mulheim (formerly A. 

Lconhardt & Co.), Mulheim, 
near Frankfurt. 

(Lev.) = Levinstein, Ltd., Blackley, Man¬ 
chester (now British Dyestuffs 
Corporation, Ltd., Blackley 
bianch). 

(M.) — Farbwerke vorm. Meister, Lucius, 

und Briining, Hbchst a/Main. 

(N. I.) = Fajbwerk Cricsheim, NOtzel, 
Istel & Co., Gricshcim a/Main. 

(0.) — Chemische Fabrik Griesheim- 

Elcktron, Werk Oehler (for¬ 
merly K. Oehlor), Griesheim. 

(P.) = Soci6t6 Anonyme des Matiereg 

Colorantes & Produits Chi- 
miques do St. Denis, Paris. 

(Sell.) =» The Seh&llkopf Aniline and 
Chemical Company, Buffalo, 
U.S.A. (since 1917 is included 
in The National Aniline and 
Chemical Co., Inc., New York). 

(T. M.) = Chemische Fabriken vorm. Wei- 
ler ter Meer, Uerdingen a/ 
Rhein. 

(W.) = Williams Bros. & Co., Hounslow, 

Middlesex. 

Also E. P. = English Patent; D. It. P. = 
German^Patent-; F. P. =* French Patent; A. P. 
— American Patent. 


I. Basic Azo- Compounds. 


Aniline Yellow; Aminoazobenzene 


C 6 H 6 -NyC 3 H 4 -NH a 
[1] 14] 

This compound, discovered by M6ne in 1861 
(he.), and introduced into commerce by Simpson, 
Maule, and Nicholson in 1863, is interesting as 
being the first azo- colour made on a manu¬ 
facturing scale. It was formerly prepared by 
passing nitrous acid gas into an alcoholic solu¬ 
tion ot aniline. Asa colouring matter it is now 
of no importance, but is largely used as the 
starting-point in the manufacture of other azo* 
colours and of indulines. In practice this 
compound cannot be prepared directly by the 
action of one molecule of nitrous acid on two 
molecules of aniline, since diazoaminobenzene is 
always the first product of this reaction; 


2C 8 H,*NH.,HCl+NaNO. 

=iC 8 H g -N a , NH*C 8 H 5 -fNaCl-f HCl4-2H,0. 


The diazo- compound is slowly converted into 
the isomerio aniline yellow on being kept for 
some tinle in oontact with aniline and an 
aniline salt: 


C 4 H t *N 8 ‘NH*C l H I i 
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The manufacture is oarried out as fallows: 
100 kilos, of aniline are mixed with 36 kilos, of 
oonoentrated hydroohlorio acid, the mixture 
cooled (from outside) to about 18°, and a solution 
of 15*5 kilos, of sodium nitrite in 18 kilos, of 
water and 18 kilos, of saturated sodium chloride 
solution added at first fairly rapidly, so that 
the temperature rises to 25°, and then more 
slowly, the temperature being kept below 28° 
by outside cooling. This operation takes about 
7-8 hours. After 24 hours the change of 
diazoaminobenzeno into aminoazobenzene is 1 
complete. The salt solution is now drawn off, 1 
the residue stirred with 96 kilos, of hydrochloric 
acid and 64 kilos, of water, and the aminoazo- 
benzene hydrochloride is filtered off, washed with 
2 p.c. hydrochlorio acid, centrifuged and dried 
at 60°. The yield is 41 kilos, of dry aminoazo- 
benzene hydrochloride. The old aniline yellow 
was the oxalate of tho base. The free base 
crystallises in yellow rhombic prisms. M.p. 
127-4°; b.p. above 300°? Tho hydrochloride 
crystallises m steel-blue needles, Base slightly 
soluble in hot water, readily solublo n: alcohol. 
Yellow solution coloured red by hydrochloric 
acid. 

Literature .—Mime, 1861 (sec above); Dale 
and Caro, E. P. 3307 of 1863; Martius und i 
Grioss, Zeitsch. f. Chem. i860, 2, 132; Kokule, 
ibid. 2, 689; Witt and 'Phomas, Clicm. Sec. 
Trans. 1883, 43, 112 ; Friswell and Green, ibid. 
1885, 47, 91/', and 1886, 49, 716; Htadel and 
Bauer, Ber. 1886, 19, 1953; Paul, Zeitsch. 
angew. Chem. 1890, 9, 689; Jansen, Zeitsch. 
Farb. Ind. 1913, 12, 197. 

Spirit Yellow R (K.); Yellow Fat Colour; 

o-Aminoazotoluenc 

CH,C 6 H 4 -N,-C fl H 3 (CH,)-NlI a 

Prepared similarly, to aniline yellow, from o- 
toluidme. 

Literature. -Ber. 1877, 10, 002. 

Butter Yellow ; Oil Yellow (W.); Dimethyl- 
aminoazobenzene C a II 6 N a C 6 l1 4 ‘N(CH 3 ) 3 . Pre¬ 
pared by the action of diazobenzeno chloride 
on dimethyluniline. Substanco forms yellow 
leaflets of m.p. 115°; solublo in diluto hydro¬ 
chloric acid with a red colour; precipitated by 
alkali. Soluble in sulphuric acid 1 with a 
yellow colour, becoming red on dilution. 

Literature. —Griess, Ber. 1877, 10, 528. 

Chrysoidine (most firms); Chrysoidine Y 
(H). (W.) (Marden, Orth, and Hastings Corp. 
New York) (Soli ); Chrysoidine JEE (C. J.) (P.); 
Chrysoidine Crystals a ; Chrysoidine SmallCrystals 
(T. M.) 

Diaminoazobenzene C 6 H 5 -N a -(J 6 H a (NH a ) a . 

[1] 12:4] 

This colouring matter is prepared by mixing 
a solution of diazobenzeno chloride with a 
solution of ro-phony lenediamine. In practice 
a known weight of aniline is dissolved in 
dilute hydrochloric acid and diazotised, the 
solution being diluted so as to contain about 2-3 
p.c. of diazo- salt. This and a dilute solution of 
• 

1 In th«8e colour reactions ‘ sulphuric acid ’ means 
the ordinary concentrated acid of 65 66 per cent. 

• Chrj 80 ldine Crystal* also oontain the homologues 
from o- and p*toluldlne. 
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phenylenediamine hydrochloride are run simul¬ 
taneously into a sodium ohloride solution, and 
the colouring matter is filtered off through a 
filter press. The press cake is then dissolved 
in hot dilute hydrochlorio acid, the hot solution 
filtered, and hydrochloric acid add£d to the 
filtrate. The chrysoidine separates in small 
needles, which arc filtered off, centrifuged, and 
dried at 50°. The free base forms yellow 
needles; m.p. 1175°. Slightly soluble in 
wator, readily in alcohol; solutions orange. 
The commercial product is the hydrochloride 
G 12 11 12 N 4 ,HC1, which forms beautiful blackish- 
green prisms with a metallic lustre. The strong 
solution of the salt solidifies on rapid cooling to 
a red jelly. Dissolves in sulphuric acid with a 
brownish-yellow\:olour. ■* 

Literature.— Hofmann, Ber. 1877, 10, 213; 
Witt, ibid. 350 and 654; Griess, ibid. 389. «* 

Chrysoidine R (H.) (W.) (G.) (I.) (Sch.); 
Chrysoidine REE (P.); Cerotine Orange (C. J.); 
Gold Orange for Cotton (T. M.) (D. H.); Benzene- 
azo- in -loly lenediamine 

U«H 6 *N a *r a H a (CH 8 )(NH 3 ) 8 

Prepaied from jmihno and m-toly lenediamine 
as in the preceding case. The free base melts 
at 165°-166°. The commercial product is the 
hydrochloride, which forms yellowish-brown 
lumps. Dissolves in sulphuric acid with a 
greenish-yellow colour. 

Chrysoidine R (I). H.) (C.); Tolueneazo-m- 
tolyleiicdiamine CH 3 -(' e ll 4 -N a C„H 3 ((’H a )(NH l ) 8 . 
Prepared as above from o-ioluidme and m- 
tolylencdtamine. Tho commercial product is 
the hydrochloride. It is a crystalline violet 
powder whioli gives a brown colour in sulphuric 
acid. • 

Meta Chrome Brown B (A.) (Brothertou& 
Co.); Dimtrophenolazo-m-tolylenediamine * 

OHC 6 H a (NO a ) a -N a -C 6 H a (CH 8 )(NH t ) a 

Prepared from picrainio acid and wi-tolylene- 
diamme. It is a brown* paste giving a dark 
orango-red solution in hot water. It yields a 
red solution with sulphuric acid. 

Literature. —E. P. 13213 of 1899; 10294 of 
1910; J). R. P. 112819, I180I3; A. P. 657064, 
657065. 

Chrome Brown P (P.).; Dinitrophenolazo-w- 
aminophenolOHC 6 H a (N0 8 ) a -N a C 6 H 8 (OH)-NH.. 
Prepared from picramic acid and m-aminophenol. 
Introduced in 1903. 

Literature.— D. R. P. 169579 ; F. P. 336559. 

Meta Chrome Bordeaux R, B (A.). Prepared 
from diazotised picramic acid and a m-aminoaryl- 
sulphamide. The R brand gives an orange- 
brown solution in hot water, and a reddish- 
Molet solution in sulphuric acid, which yields 
a brown precipitate on dilution. 

Literature. —E. P. 4028 of 1902 ; D. R. P. 
135016; A. P. 704825, 704826. 

Diazinc Green S (K.); Janus Green B (M.); 
Union Green B (M.). Prepared from diazotised 
safranine and dimethylaniline. The commercial 
product is a brown or dark-green ponder giving 
an olive-green solution with sulphurio acid 
Janus Green G is a dyestuff of analogous con¬ 
stitution. , 
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Literature .—E. .P. 7337 of 1807 ; P. P. 
265438 ; D. R. P. 95668. 

II. Acid Azo- Comfodhds. 

A. Sulphonic Adds of Aminoazo- Compounds. 

Add Yellow (A.); Fast Yellow (B.) (By.); 
Fast Yellow G ; New Yellow L (K.); Yellow SS 
(P.); Fast Yellow extra (By.). This colouring 
matter is a mixture of the sodium salts of mono- 
and di- sulphonic acids of aminoazobenzene 

HSO,C,H.N,C,H,’NH 1 and 
HSO ) C,H 4 N i -(J,H,(HSO,)NH, 

Prepared by the action of fuming sulphurio acid 
on aniline yellow (3-5 parts acid to one of 
aminoazobenzene). Solution not precipitated 
by alkali; colour dissolves in sulphuric acid 
with a brownish-yellow colour becoming redder 
on dilution. Solution gives a precipitate with 
barium chloride, but not with calcium chloride. 
The corresponding colouring matter from 
aminoazotoluene is somowhat more orange in 
shade, and is known as Fast Yellow Y (B.); 
Fast Yellow R (K.). 

Literature. —Grassier, E. P. 43 of 1879; 
A. P. 253598 ; I). R. P. 4186, 7094 ; Chem. Ind. 
1879, 2, 48, 346 ; Griess, Ber. 1882, 15, 2187 ; 
Eger, Ber. 1889, 22, 847. 

Methyl Orange (Consolidated Colour and 
Chemical Co., New Jersey); Helianthin (13.); 
Orange III. (P.) (T. M.) (I). H.) (W.); Gold 

Orange (A.); jj-SulphobenzeiiettZodimethylam- 
line HS0,-C t H 4 N, C t H,N(CH,) > . Prepared 
[4] [1) 141 

by the action of diazotised sulphanilic acid 1 
on dimethylaniline. Solution of colouring matter 
orange, and not precipitated by alkali; dilute 
acids produce a crystalline precipitate, the 
crystals having a violet reflection (the free 
sulphonic acid). The substance dissolves in 
sulphuric acid with a yeliow colour becoming 
red on dilution. 

Literature. —Griess, Ber. 1877, 10, 528. 

Orange IV. (most iirms); Tropaeoline 00 
(C.); Acid Yellow D (A.); Orange N (B.) (1.); 
New Yellow (By.); p-Sulphobenzeneazodiphenyl- 
amine HSO,'C 4 H 4 N a C 6 H 4 'NH'C e H 6 . Produced 

■ w w -ijr 

by the action of diazotised sulphanilic acid on 
diphenylamine dissolved in alcohol or crude 
carbolic acid. The product is thrown on an 
open filter, the paste dissolved in concentrated 
aqueous potassium carbonate and precipitated 
by adding sodium hydroxide. The colouring 
matter is not very readily soluble in water; 
the solution is yellow, and when strong deposits 
crystals on cooling. Substance dissolves in 
eplphurio acid with a violet colour, becoming 
reader and giving a greyish precipitate of the 
free sulphonic acid on dilution. The aqueous 
solution of the substance is coloured red by 
dilute aoids. 

When nitrated this colour furnishes a mono- 
nitro- derivative together with a mixture of 
mono* di-, and tri- mtrodiphenylamine; 

l For detailed information on the manufacture of 
sulphanilic acid and Its homologues see MiihMuser, 
Dingl. poly. J. 1887, 264, 181 and 238; Paul, /oltseh. 
augev. Chem. 1896, 0, 086. - « 


moderate nitration yields a yellow oolounng 
matter whioh is found in oommerce under the 
names of Citronine (D. H.) (I.) (L.) (K. S.) (0.); 
Curoumeine (A.); Azoflavine 3 R ex. oono 
(T. M.); Citronine NE (P-K Indian Yellow R 
(By.) (C.) (H.). More energetio nitration of 
Orange IV. furnishes Azo Acid Yellow (A.); 
Azo Yellow (K.) (K. S.) (M.); Azo Yellow 8 G, 
cx. cone. (T. M.); Citronine 2 AEJ (P.); Azo¬ 
flavine S new ( B.) ; Indian Yellow G (By.). 
Both dyestuffs are ochre-yellow powders and 
give with sulphuric acid reddisn-violet and 
magenta-red solutions respectively. 

Metanil Yellow (most firms); Orange MN 
(I.); TropaolineG (C.); YellowM(P.); Metanil 
Yellow GR extra (T. M.); m-Sulphobenzeneazo- 
diphenylamine HNO,'0,H 4 'N,'C t H 4 'NH-C,H 6 . 

131 Uf ~ 

Prepared in the same manner as the preceding 
from wi-diazobenzenesulphonic acid 1 and di¬ 
phenylamine. Aqueous solution orange, giving 
no precipitate with alkalis, becoming red and 
precipitating with dilute acids. Dissolves in 
sulphurio acid with a dull violet colour, becoming 
magenta-red on dilution. 

Metanil Yellow S; Acid Yellow 2 G (0.); is 
produced by sulphonating the preceding colour¬ 
ing matter. 

Literature.— E. «P. 1220 of 1879; 4960 of 
1880; Paul, Zeitsch. angow. Chem. 1896, 9, 
086. 

Metanil Yellow Brominated (P.). Prepared 
by the action of bromine on metanil yellow; has 
similar reaction. 

Literature.— E. P. 6696 of 1882 ; D. R. P. 
26642; F. P. 140114. 

Jaune Solide N (P.); Sulphotolueneazodi- 
pheny lamine HSO t ‘C 7 H e *N-•C 6 H 4 , NH - C < H 5 . 

11 . . iiT" 

Prepared from diazotised p-toluidine-o-sulphonio 
acid and diphenylamine; in its general pro¬ 
perties it resembles the two preceding dyes. 

Literature. —Roussin and Poirrier, E. P. 
4491 of 1878.- 

Archil Substitute V; p-Nitrobenzeneazo- 
a-naphthylamine-4-sulphonic acid 

NOgC^N.-CxoH 6 (NH a )-HS0, 

Prepared by the action of diazotised p-nitro- 
aniline on naphthioric acid a in weakly acid 
solution. Solution precipitated by acids and 
alkalis. Sulphurio acid gives a magenta-red 
solution, becoming brownish and precipitating 
on dilution. 

Literature .—Roussin and Poirrier, E. P. 
4490 of 1878; D. R. P. 6715; F. P. 127221 ; 
Chem. Ind. 1879, 2, 292. 

Archil Substitute 3 VN (P.); p-Nitrobcnzene- 
azo-a-naphthylaminesulphonio acid 

NO t -C e H i -N | -C 10 H a (NH i )SO l H 

Prepared by the action .of diazotised p-nitro- 
aniline on a-naphthylamine-6-sulphonio acid. 

1 tn-Amiiiobenzeneaulphonlc acid is prepared by 
sulphonating nitrobenzene and reducing the wnitro- 
benzenesulphonic acid thus formed. 

1 Naphthionlc acid is manufactured on a large soale 
by heating naphthylamine acid sulphate, mixed with a 
little oxalic acid, to about 180°. 
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Forms a brown powder giving a red solution in 
water or sulphuric acid. 

Literature .— E. P. 12692 of 1887; D. R. P. 
46787 ; F. P. 185908. 

Azo Cardinal G (A.); p-Nitrobenzeneazo- 
benzylethylanilincsulphonic acid 

NO t -C e H 4 N t -C,H 4 -N(C l H # )CH 4 C fl H 4 -SO t H 

Prepared by the action of diazotised p-nitro- 
aniline on benzylethylanilinesulphonio acid. A 
brick-red powder giving a reddish-yellow solu¬ 
tion in water and a yellow solution in sulphuric 
acid, becoming red on dilution 

Literature.— P. R. P. appl. A 3551. 

Palatine Chrome Brown W (B.); Acid 
Alizarine Brown B (M.); Anthracyl Chrome 
Brown D (D.); p-Sulpho-o-hydroxybonzeneazo- 
w-phenylencdiamine 

S0 8 H'C 8 Hj(0H)'N a , C 6 H 8 (NH 8 ) 2 

Prepared from diazotised o-aminophenol-p- 
sulphonic acid and m-phenylenediamine. A 
black-brown powder dissolving in hot water 
with an orange-brown colour, and in sulphuric 
acid to give a dark orange-brown solution. 

Literature. —A. P. 028814; 1). R. P. 78109 ; 
F. P. 284741. 

Omega Chrome Black PV, PB (K. S.); 
Omega Chrome Blue B, R (ft. S) are chrome 
colours prepar'd from o-diazophcnols and aryl- 
1 :8-naphthylaminesulphonic acids. 

Literature.—K P. 22738 of 1905; D. R. P. 
175625 ; F. P. 359222 ; A. P. 841371. 

Acid Anthracene Brown R (By.) is prepared 
from diazotised picramic acid and substituted 
phenylenediaminesulphonic acids. The aqueous 
solution is reddish brown, and that in sulphuric 
acid is reddish-violet, becoming yellowish-brown 
on dilution. 

Anthracyl Chrome Green (D.); Dinitro- 

phenolazo-a-naphthylaminc-4-sulphonic acid 
OH-C 8 H 8 (NO 2 ) 2 -N a -C 10 H 5 (SO 3 H)NH a 

Prepared by the action of diazotised picramic 
acid on naphthion c acid. Solution in water 
is reddish-brown, and in sulphuric acid bluish 
fiery red. 

Literature. —I). R. P. 142153. 

Alkali Brown (D.) ; Benzo Brown 6 B (By.); 
Alkali Brown R (L. P.); Frimulineazo-m- 
phenvlenediamine P 1 •N a - C 0 H a {NH 2 ) 2 . Pre¬ 
pared from diazotised primuline or dehydrothio- 
* p -toluidinesulphonic acid and w-phenylenedia- 
mine. Solution brownish-red, precipitated by 
acids or alkalis. Gives a bluish-violet solution 
with sulphuric acid. 

Pyramlne Yellow R (B.) Diazotised primu¬ 
line is combined with nitro-m-phenylenediamine. 
Aqueous solution is reddish-yellow, and solution 
in sulphuric acid is brownish-yellow. 

Literature .—E. P. 8564 of 1894; D. R. P. 
80973; F. P. 238340. 

Cotton Orange G (B.) ; Diazotised primuline 
is combined with m-jchenylenediaminedisulphonic 
add. It gives an orange-yellow solution in 
water, and a brownish-orange in sulphuric acid. 

Literature.—E. P. 14678 of 1803; D. R. P. 
73369 ; F. P. 231694; A. P. 624202. 


Apollo Red (G.); Archil Substitute extra (C.); 

p - Nitrobenzeneazo-a-naphthylaminedisulphonio 
acid, NQ a -C 6 H 4 -N a -C 10 H 4 (NH 2 )(SO,H) a . Pre- 
pared from diazotised p-nitroaniline and a- 
naphthylamine-4 : 6- or 4 : 7-disulphonic acid. 
Gives a brownish-red solution in wat$r and a 
magenta-red in sulphuric acid. 

Literature. —E. P. 9468 of 1887 A. P. 
376392 ; F. P. 184638. 

Brilliant Archil C (C.); Azimide of p-nitro- 
bonzeneazo-1 : 8-naphthylencdiaminedisulpho- 
nic acid 

NO,'C,H i -N,-C 1 ,H 4 (S0 1 H),/^\nH 


Prepared by the action of nitrous acid on the 
product from diazotised p-nitroaniline J and 
1 : 8-naphthylenediaminc-3 : 6-disulphonic acid. 
A brownish-red powder dissolving in water with 
a red, and in sulphonic acid with a blue, solution. 

Literature.— E. P. 24714 of 1893; D. R. P. 
77425 ; F. P. 234837. 

Wool Violet S (B.); Dinitrobenzeneazo- 

diethylmetanihc acid 

(N0 2 ) 2 0 tl H 3 -NVC 6 H 8 (S0 8 H)-N(C 8 H B ' /i 


Prepared from diazotised 2 : 4 dinitroaniline 
and diethylmetanilic acid. A black powder 
giving a reddish-violet solution in water and a 
scarlet-red in sulphuric acid. 

Literature. —E. P. 6197 of 1894; D. R. P. 
80071 ; F. P. 239096; A. P. 525656. 

Salmon Red (A.); Methylbonzenylamino- 
thioxylonolazo-^-naphthylamine-3 : 6-aisulpho- 
nic acid 

(CH,),0,H,<^ ^CC 0 H,-N,-p,oH 4 (SO,H), 

N CH, NH, 

Prepared from diazotised dehydrothio-?n-xyli- 
dine and f?-naphthyIamine-3 ; 6-disulphonio acid 
R. Aqueous solution is orange-red. Gives 
i violet solution in sulphuric aud. 

Literature. —Paul, Zeitsch. angew. Chem. 
1896, 9, 680. 

Brilliant Yellow S (B.) (T. M.) (B. K.) ; Yellow 
WR (I.); Curcumine (G.); ^-Sulphobenzene* 
azodiphenylaminesulphonic acid. Prepared by 
sulphonating orange IV. Solution in water is 
yellow and in sulphuric acid bluish-red. 
Literature. —D. R. P. 21903. 

Lanacyl Violet B (C.), Disulphohydroxy- 

naphthalencazoethyl-a-naphthylamino 

(HSO a ) 2 C l0 H 4 (OH)-N | -C 10 H 1 -NH*C t H 4 


’repared from diazotised 1; 8-aminonaphthol* 
l: 6-disulphonic acid and ethyl-a-naphthyl- 
imine. Solution in water is reddish violet, and 
n sulphuric acid is greenish-blue. 

Literature. —E. P. 12656 of 1896 ; D. R. P. 
14288 ; F. P. 257136. 

Tolyl Blue SR (M.); Sulphone Add Blue R 

By.). Prepared, as the preceding, from diazo¬ 
tised H-acid and 1 -phenylnaphthylaraine-8- 
3 ulphonic acid. Solution in water is reddish- 
violet, and in sulphuric acid dirty blue. The 
corresponding colouring matter with the tolyl- 
substituted acid is tylyl Blue SB (M.) i Sulphone 


« P*=the residue of primuline. 
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Add Blue B (By.) ^ Brilliant Cloth Blue m. F 

(K.) ; it dissolves m water to a reddish-blue, 
and in sulphuric acid to a dirty violet solution. 

Literature. —E. P. 24830 of 1898; 1). R. P. 
75571, 108546. 


B. Carboxylic Acids of Aminoazo Compounds. 

Yellow fast-to-soap (P.); m-Carboxybenzene- 
azodiphenylamine 

CO a H C 6 H 4 N 2 *C c H 4 NH C fl H 5 

Prepared by the action of w-diazobenzoic acid 
on diphenylarainc. Used in wool-dyeing and 
especially calico-printing; the shades are very 
fast to soap. A brown paste, sparingly soluble 
in water. Solution becomes reddish-violet 
with acids. Dissolves with a violet colour m 
sulj huric acid, becoming red on dilution. 

Literature. —E. P. 4621 of 1883; i). R. 1’. 
29991 ; F. P. 157755; A. P. 297852. 


C. Hydroxyazo- Compounds. 

Sudan Brown (A.) (Sch.); Brown G (U. J.) ; 
Pyronal Brown (D.); Oil Brown (Farbwerk 
Aminersfoort) (Wiescher & Co.); a-Naphthalene- 
azo-a-naphthol C 10 fl 7 , N 2 'U 1( ,H 6 , OH. Prepared 
by the action of diazotised o-naphthylaminc on 
a-naphthol in alkaline solution. 

Literature .—E. P. 786 of 1878 ; T>. R. P. 
5411; F. P. 123148 ; A. P. 204799. Frankland, 
Trans. Chem. Soc. 1880, 37, 752. 

Sudan G (A.) (VV.); Carminaph J (1). H.); 
Cerasine Orange G (C.); Cerotine Yellow R 
(C. J.); Chrysoin insoluble (P.); Pyronal 
Yellow (D.); Oil Orange (I.); Bcnzeneazoresor- 
cinol C 6 H 5 ’N 2 , C 6 H 3 (()H) 2 . Prepared by the 
action of diazobertzenc chloride on resorcinol in 
alkaline solution. Solution of colouring matter 
in alkali hydroxide is orange-yellow, giving a 
brown precipitate with acids. Dissolves in 
sulphuric acid with a yellowish-brown colour. 

Literature. —Baoyer and Jagcr, Ber. 1875, 8, 
151; Typke, ibid. 1877, 10, 1576; Wallach, 
ibid. 1881, 14, 24; Wallach and Fischer, ibid. 
1882, 15, 2814; Meyer and Kreis, ibid. 1883, 
16, 1329; Liebermann and Kostanecki, ibid. 
1884, 17, 880; Heumann and Oeconomides, 
ibid. n \ 887, 20, 904 ; Will and Pukall, ibid. 1120 ; 
Pukall, ibid. 1147; Fischer and Wimmer, ibid. 
1578; Will, ibid. 1888, 21, G04; Kostanecki, 
ibid. 3119. 

Sudan I (A.) (K.) (W.) ; Carminaph (D. H.); 
Cerotine Orange G (U. ,J.); Oil Orange (O.) (Farb- 
werk Ammersfoort) (Wiescher & Co.); Moti 
Orange R (T. M.); Pyronal Orange (D.); 
Spirit Orange (L.); Scarlet B (B. K.); Oil Yellow 
(Sch.); Insoluble Aniline Orange (P.); Benzene- 
azq-0-naphthol C 8 H 5 dSf 3 '0, 0 H fi ’OH. Prepared 
from diazobonzene chloride and /3-naphthol. 
A brick-red powder insoluble in water. Used 
for colouring oils, &c. 

Literature. —Liebermann, Ber. 1883,16,2860; 
Donate, Gazz. chim. ital. 1885, 15, 406 ; Zincke 
and Bindewald, Ber. 1884,17, 3031; Zincke and 
Rathgen, ibid. 1886,19,2484 ; Fischer and Wim¬ 
mer, wid. 1887, 20, 1579 ; Weinberg, ibid. 3172; 
Jacobson, ibid. 1888,21,415; Meldola and East, 
Trans. Chem. Soc. 1888, 53, 460; Meldola and 
Morgan, ibid. 1889, 55, 603 ; Goldschmidt and 


Rosell, Ber. 1890, 23, 490; Goldschmidt and 
Brubacher, ibid. 1891, 24, 2306; MoPherson, 
Ber. 1895, 28, 2418; Farmer and Hantzsoh, 
ibid. 1899, 32, 3100; Mohlau and Strohbach, 
ibid. 1900, 33, 805 ; Goldschmidt and Keppeler, 
ibid. 894; Mohlau and Kegel, ibid. 2873’; 
Betti, Gazz. chim. ital. 1900, 30, ii. 164. 

Pigment Fast Red HL (M.); Hello Fast Red 
RL (By.); Llthol Fast Scarlet R, RPN (B.) ; 
Graphiiol Fast Red GAERR (O.); SItara Fast 
Red RL (T. M.); w-Nitrotolueneazo-/3-naphthoi 

NCVC 7 H tt 'N 2 ‘C 10 H 6 -OH 

Prepared from diazot.ised ra-nitro-p-toluidino 
anrl j8-naphthol. Used only for lakes. 

Litemtuie.— E. P. 191(H) of 1905; D. R. P. 
appl. I*’ 20265 ; F. P. 357858. 

Tuscaline Orange G (B.). Prepared from 
ihazotised w-mtro-o-amsidino and /3-naphthol is 
used in calico-printing and as a lake. 

Sudan II (A.) (K.); Cerotine Scarlet G 
(0. J.),- Moti Red G.(T. M.); Pyronal Red R 
(D.); Orange RR (B. K.); Insoluble Xylldine 
Ponceau (P.); Xylenoazo-j8-naphthol 

(J 6 H 3 (CH 3 ) 3 -N 3 'C. 0 H (( -OH 

Prepared from diazotised xylidine and 0- 
naphtliol. 

Carminaph Garnfct (D. ii.); Cerotine Scarlet 
2 R (C. J.); Oil Red Brown (Farbwerk Ammers¬ 
foort) ; Pigment Bordeaux N (M.); Autol Red 
(B.); Insoluble Naphthylamine Ponceau (P.) ; 
a-Naphthalencazo-/3-naphthol 

C 10 H 7 N 3 *C 10 H tt -OH 

Prepared from diazotised a-naphthylamine and 
/3-naphthol. An insoluble paste used in print¬ 
ing. {See also Naphthylamine Bordeaux. 

Azophosphine GO (M.). Chloride of m- 
trimethylaminobenzcncazoresoreinol 

ClN(CH 3 ) 3 *C fl H 4 -N 3 -C 6 H 3 (OH) 3 

Prepared from diazotised w-aminophenyltri- 
methylammoniuni chloride and resorcinol. Solu¬ 
tion in water is yellowish-red, and in sulphuric 
acid brownish-red. A similar dye is Azophos- 
phine BRO (M.). 

Literature. —E. P. 14494 of 1895; D. R. P. 
87257 ; F. P. 249227 ; A. P. 626913. * 

New Phosphine G (C.); w-Dimethylammo- 
tolueneazoresorcinol 

N(CH 3 ) 3 -CH 3 -C fl H 4 -N 3 -O fl H 3 (OH) 3 

Prepared from diazotised p-aminobcnzyldi- 
methylamme and resorcinol. Gives a yellowish- 
brown solution in water and sulphuric acid. 

Literature.— E. P. 22572 of 1892; D. R. P. 
70678 ; F. P. 225968 ; A. P. 515100. 

Tannin Orange R (C.); w-Dimethylamino- 
tolueneazo-/3-naphthol 

N(CH 3 ) 3 *CH 3 -C 6 H 4 -N 3 -C 10 H c -OH 

Prepared from diazotised p-aminobenzyldi- 
metnylamine and /3-naphthol. A brown powder 
or a 50 p.c. jjaste. Sparingly soluble in water, 
with a, brown colour. Gives a yellowish-brown 
solution in sulphuric acid. 

Literature. — As for the preceding oolour. 
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Azoohromlne (G.); Tetrahydroxyazoben- 
ene OHC 6 H 4 *N,'C e H a (OH),. Prepared from 
liazotised p-aminophenol and pyrogallol. Com- 
nercial product is a 30 p.c. paste, giving a 
lark-yellow solution jn boiling water. With 
ulphuric acid it gives a brown solution. 

Literature. —E. P. 11002 of 1893; 1). R. P. 
11109 ; F. P. 230937 ; A. P. 548400. 

Dlazine Black (K.); Safranineazoplienol. 
’repared from one of the varieties of safranine 
md. phenol. Its solution in water is dark 
;reen-blue, and in sulphuric acid green. 

Literature. —Mon. Sei. 1880, (lii.) 10, 984. 

Indoine Blue R (B.) (G.); Janus Blue (M.) ; 
Japhthlndone (('.); Vac Blue (H.) ;■ Fast Cotton 
JlueB(0.); Indole Blue (A.) (L.) ; DiazineBlue 
K.); Madras Blue P (P.); Indone Blue (By.); 
?ast Blue B (T. M.) ; Indogenin (Delft Colour 
Vorkfl); Safranineazo-/3-naphthol. Prepared 
rom various safranines and jS-naphthol. It 
jives a violet solution in water, and a greenish- 
irown in sulphuric acid. • 

Literature.— E. P. 4543 of 1891, 18709 of 
893, 3488 of 1895, 23985 of 1898; D. R. P. 
11692, 85690, 85932, 91721, 92015, 105433, 
08497; F. P. 212270, 245239, 250239, 283013, | 
185360; A. P. 524251, 524254; Walter, Aus 
ler Praxis der Anilinfarbenfabrikation, 1903, 
106 (where the preparation is described in 
letail). • 

Methyl Indone .B, R (C.) is prepared from ; 
liazotised safranine and an aminonaphthol. 
The aqueous solution is blue, and that m sul- 
ihuric acid greenish-blue. 

Literature. —D. R. P. appl. L 3377. 

Azarine S (M.) 

0H-C,.H 2 Cl 2 NH-N(S0 3 NH 4 )-C 1( ,H fi -0H 
I; 6-Dichloro-2-aminophenol is diazotised and 
lombined with /3-naphthol, and t he product is 
seated with ammonium bisulphite. It forms a 
fellow paste, giving a yellow solution in water 
md a magenta-red solution in sulphuric acid, 
jiving a reddish-i>i own precipitate on dilution. 

Literature. —E. P. 5767 of 1883; D. R. P. 
S9067 ; F. P. 159604 ; A. P. 302790, 306546. 

Sulphamine Brown A (D.); a-Naphthine 
Jrown (P.) is prepared by the action of diazo- 
iised o naphthylamme on the sodium bisulphite 
jompound of nitroso-/9-naphthol. It dissolves 
n water to a brown, and in sulphuric acid to a 
rreon. solution. Sulphamine Brown B (D.) is 
nade from /J-naphthylamine; the aqueous 
lolution is red, and that in sulphuric acid is 
ifiolot. 

Literature-E. P. 1556 of 1893; D. R. P. 
19583 ; F. P. 239100. 

D. Sulphonic Acids of Hydroxyazo- Compounds. 

1. Monosulhionic Acins. 

Chrysoi'n (most firms); TropaBOline O (C.); 
Resorcin Yellow (A.) (B. K.) (K.) (T. M.) (H.) 
Seh.); Gold Yellow (By.); Acme Yellow (L.); 
D-Sulphobenzeneazoresorcinol 

HS0 8 -C a H 1 N 2 -C fi H 3 (0H) l 
Produced by the"hctio© of diazotised sulphanilic 
noid on resorcinol in alkaline solution. Solution 
af colouring matter orange ; substance dissolves 
in sulphuric acid with a yellow colour. • 

Literature. —Griess, Ber. 1878, 11, 2195 ; 
Witt, Trans. Cltem. Soc. 1879, 35, 183. 


i Add Alizarine Garnet R (M.); p-Sulpho- 

phenolazoresorcinol ’ 

HSO s -C 8 H 3 (OH)-N 2 -C 6 H 3 (OH) 3 . 
Similarly prepared from o-aminophenol-p-sul- 
phonic acid and resorcinol. Solution in^water 
or sulphuric acid is orange-browm. 

Orange II (Most firms); Mandarin G (A.) 
(B. K.) (By.); Gold Orange (By.) (B. K.) (D.) 
(T.M.); Orange Extra (O ); Orange A (L.)(Sch.); 
Orange P (O.); Orange G (B K.) (H.); Add 
Orange (G.); p-Sulphobenzeneazo-/9-naphthol 
HSO 3 - C, 1 H 4 'N 2 'C 10 U ft 'OH. Prepared from diazo¬ 
tised sulphanilic acid and /3-naphthol. Solution 
orange, becoming red on addition of sodium 
hydroxide. Solution in sulphuric acid red, 
becoming orange on dilution. 

Literature.— Hofmann, Ber. 1877, 10, 13^8; 
Griess, ibid. 1878. 11, 2198 ; Witt, i hid. 1879, 12. 
259; Miller, t bid. 1880, 13, 268; Witt, Chem. i) 
Zeit. 1880, 4,437; Muhlhauser, Dingl. poly. J. 
1887, 264, 181, 238; Paul, Zeitsch. angew, 
Ghent. 1896, 9, 686 (the last two papers give 
details of the manufacture). 

Orange R (1.) (O.) (D. II.) (B.) (Soh.); 
Orange T (K ) (T. M^ ; Kermesin Orange (L.) 
Sulpho-o-tolticncazo-)3-naphthol 

HSO 3 'G 7 H 6 ’N 2 *0 10 TI fl ‘OH(j8) 

Homologous with the preceding, the diazotised 
sulphonic acid of o-toluidme being used instead 
of sulphanilic acid. 

Literature. —The manufacture is described 
in the paper by Muhlhauser already referred to. 

Lithol Rubine B (B.); Permanent Red 4 B 
(A.); Pigment Rubine R (A.); Sulpho-p-toluene- 
azo-j8-hydroxy-3-naphthoic acid 

HSO 3 'C 7 H a , N a '0 I0 H 5 (OH) , GO 2 H 

Prepared by the action of diazotised p-toluidine- 
sulphonic acid (CII 3 : NI1 2 : S0 3 H=1 : 4 : 3) on 
j8-hydroxynaphthoic acid. A iiery red powder 
or paste used for making lakes. 

Literature. —E. P. 11004 of 1903; D. R. P. 
151205 ; F. P. 332145; A. P. *41029. 

Azofuchsine B (By.); Tolucneazo-1: 8-dihy- 
droxynaphthalenesulphonic acid 

CH,-C r H 4 -N 1 -C,„H 1 (OH) !! vSO,fl 

Prepared by the action of diazotised commer¬ 
cial toluidine on 1 : 8-dihydroxynaphthalene-4- 
sulphonic acid. Solution in water is bluish- 
red, and jn sulphuric acid violet. 

Literature. —E. P. 18517 of 1889; D. R. P. 
54116 ; F. P. 203744 ; A. P. 466841, 468142. 

Ponceau 4 GB (A.) (Lev.) (B.K.); Croceine 
Orange (By.) (B. K.) (K.) (P.); Croceine Orange 
Y (Soh.) ; Croceine Orange GR (T. M.) ; Brilliant 
Orange G (M.) (C. J.); Orange GRX (B.); 
Pyrotine Orange (D.); Benzcncazo-0-naphthol- 
sulphonic acid CnHg'Nj'CioH^SOsH^OH^). 
Prepared by the action of diazobenzene chloride 
on j8-naphthol-6-sulphonic acid (Schaffer’s acid) 
in alkaline solution. Solutions in water or 
sulphuric acid aro orange-yellow. 

Literature. —Griess, Bor. 1878, 11, 2197. 
Orange GT (By.); Orange RN (0.); Brilliant 
Orange O (M.); “Brilliant Orange RO (C. J.); 
Croceine Orange R (By.) (T. M.); Toluetieazo-j8- 
naphtholsulphonic acid 

C 7 H 7 -N 1 *C 10 H 6 (§O 8 H)OH(/3) 
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Reared by diazotlsing commercial toluidien 
and combining with Sohiffer’s 0-naphtholmono- 
sulphopio acid in alkaline solntion. Orange 
aqueons solution gives an oily precipitate with 
acids. Dissolves in sulphurio acid with a 
magenta-red colour, giving an oily deposit on 
dilution. 


Literature. —E. P. 623 of 1879: Bcr. 1880. 
13 , 686 . 

Scarlet GR (A.) ; Scarlet R (By.); Brilliant 
Orange R (M.) (C. J.) (B. K.): Oringe L (Lev.) 
(P.) (0.) ; Xylidlne Orange 2 R (T. M.) ; Orange N 
(K.) (B.) ; Ponceau 2 G (B.). Homologous with 
the laRt; prepared from diazotised xylidine 
and Schaffer’s acid. Dissolves in sulphuric 
acid with a red colour, becoming brown and 
precipitating on dilution. 

Literature. —Levinstein, Ber. 1880, 13, 580. 
Azoeoccine 2 R (A.); Double Scarlet R (Lev.) ; 
Jute Scarlet (D.) ; Poftceau R for Jute (B.); 
Xyleneazo-a-naphtholsulphonic acid 


(CH a ) a C e H a -N 2 -C 10 H,,(SO.,H)-OH(a) 

Prepared by the action of diazoxylene chloride 
(commercial xylidine diazotieed) on a-naphthol- 
4-sulphonic acid in alkaline solution. • Aqueous 
solution not precipitated by alkalis ; when hot 
and concentrated deposits bronzy crystals on 
cooling. Dissolves in sulphuric ' acid with a 
reddish-violet colour, becoming brown and pre¬ 
cipitating froe acid on dilution. 

Literature.—E. P. 2237 of 1883; D. R P 
26012. 

Cochineal Scarlet 4 R (Sch.). Isomeric with 
the preceding, a-naphthol-6-suIpiionic acid being 
used instead of the 4-sulphonic acid. Dissolves 
in sulphuric acid with a magenta-red colour, 
giving a precipitate on dilution. 

Azoeostne G (K.) (By.) (Lev.); Cochineal 
Scarlet R (D.); Buffalo Flamine G (Sch.) ; 
Anisoleazo-a-naphthol-4-suIpbonic acid 


CH s p O'C,H a 'N a 'C 10 H 5 (SOjH)'OH 


Pigment Scarlet G (M.); Car boxy benzene. 

azo-S-naphfchol-6-sulphonio acid 

CO 1 H-C,H,-N,-C 10 H t (SO,H)-OH 
Prepared from diazotieed janthranilic aoid and 
Schaffer salt. A bronzy-red powder giving a 
yellowish-red aqueous solution and used for 
the preparation of lakes. 

Literature.. —D. R. P. 175828; F. P. 366110. 

Fast Brown N (By.); Chrome Brown HO (M.); 
Naphthylamine Brown (B.); p-Sulphonaphtha- 
lcnoazo-u-naphthol HSO a -C 10 H,-N a -C 10 H,-OH. 
i repared by the action of diazotised a-naph- 
thylamine-4-sulphonic acid (napiithionic acid) 
on a-naphthol in alkaline solntion. Colouring 
matter gives a reddish-brown solution, not 
changed by acids or alkalis. Dissolves in sul¬ 
phuric acid with a reddish-violet colour. 

Literature .—E. P. 786 of 1878; D. R, P 
5411, 87003; F. P. 123148; A. P. 204799. 

Fast Brown 8 B (A.) : Sulphonaphthalene-2- 
azo-a-naphtholHSO s'C.oHj'N.'C^H.-OH. Pre¬ 
pared by the action of diazotised g-naphthyl- 
amine-6-sulphonic acid on a-naphthol in alkaline 
solution. 

Aqueous solution brownish-red, beooming 
violet with dilute acids and red with alkalis. 
Solution in sulphuric acid blue, giving reddish- 
violet- precipitate on dilution. 

Literature E. P. 3724 of 1882 ; D. R. P 
22547 ; F. P. 150503 ; A. P. 332829. 

Permanent Orange R (A.); Uhlorosulpho- 
benzcneazo-/3-naphthol 

HSO s ’C,H a Cl N 2 'C, „H, 'OH 

Prepared from diazotised m-chloroaniline-o- 
sulphonic acid and 6-naphthol. It is an orange 
paste used for making lakes. 

Fast Orange O (M.); Nitrosulphohenzeneazo- 

B-napkthd 

HSO a , C ) H a (NG a )-Nj'C 10 H s -OIl 


Prepared from diazotised o-anisidine and a- 
naphthol-4-sulphonic acid. Gives a red solution 
in water and a carmine-red in sulphuric acid. 

Literature.—E. P. 2237 of 1883. 

Benzoyl Pink ; Rose de Benzoyl (P.); Benz- 
oylaminoditolylazo-a-naphthol-4-suiphonic acid 


- C,H r ,'CO'NH'C,H 4 -(’.H.-N.-C,„H s 'OH 
CH S OH, SOjH 

Prepared from diazotised monobenzoyl-o-toli- 
dino and a-naphthol-4-sulphonic acid. A brick- 
red paBte, giving a cherry-red solution in water, 
and a bluish-red solution in sulphuric acid. 
Literature. —D. 1{. P. 60332. 


Double Ponceau R, 2 R. 3 R, 4 R (By.); 
a-Naphthaleneazo-a-naphthol-6-sulphonic acid 
GioEyNa'CjijH^KOsHLOH. Prepared from di¬ 
azotised o-naphthylamine and a-naphthol-5- 
sulphonic acid. Gives an orange-red solution in 
water, and a red in sulphuric acid. 

Fast RedBT (By.) (Lev.) (D. H.) (B K.); o- 
Naphthaleneazo - ft - naphthol - 6 - sulphonic acid. 
Isomeric with the preceding. Prepared from 
diazotised a-naphthyiamine and /3-naphthol-6- 
sulpHonic acid (Schiiffor). Gives a red solution 
in water and a violet in sulphuric aoid. 

Literature.— E. P. 786 of 1878; D. R. P. 
5411; F. P. 123148 ; A. Pi 204796. 


Prepared from diazotised o-nitroaniline-p-sul- 
phonic acid and /3-naphthol. An orange powder 
used for making lakes. 

Literature.— E. P. 16409 of 1901 ; D. R. P. 
129539 ; F. P. 313598 ; A. P. 714883. 

Lake Red P (M.); Isomeric with the pre¬ 
ceding. Prepared from diazotised p-nitro- 
aniline-o-sulphonic acid and /8-naphthol. It is a 
yellowish-red paste used for making calcium 
and barium lakes. 

Literature.— E. P. 16409 of 1901 ; D. R. P. 
128456 ; F. P. 313598 ; A. P. 714882. 

Lake Red C (M.); Chlornaulphotolueneazo- 
A-naphthol HSO,'C,H s Cl N t C,„H,-OH. Pre¬ 
pared from diazotised 6-ehloro-3-toluidine-4- 
sulphonie acid (CH 3 =J) and 0-naphthol. An 
orange paste used for making the red barium 
lake. 

Literature.— E. P. 23831 of 1902; D. R. P. 
145908 ; F. P. 328131 ; A. P. 733280. 

Chrome Fast Cyanine G (I.), introduced into 
commerce in 1907, is prepared by the action of 
d'azotised l-amino-2-naphtholsulphonic acid on 
a-naphthol. 

Eriochrome Blue Black B (G.); Sulpho- 
naphtholazo-a-naphthol 

H8O,-C,^I 5 (OH)-N, p C 10 H, p OH 
Prepared by the action of diazotised 1-amino- 
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/3-nai)hthol-4-sulphonic acid on a-naphthol. 1 
The olackish-violet aqueous solution on addition 
of hydrochloric acid becomes first reddish- 
brown, and then gives a brownish-black pre¬ 
cipitate. With sodium hydroxide tho solution 
becomes first-blue and, on adding excess, finally 
rod. Tho solution in sulphuric acid is blue, 
giving a violet-black precipitate on dilution. 

Literature. —E. P. 15025 of- 1004 ; I). R. P. 
181326; F. P. 350055; Hal. I*. 73530; Aust. 
P. 30630. 

Erlochrome Black T (G.); Nitrosulpho- 
naphtholazo-a-naphthol 

NO 2 -C 10 H 4 (SO a H)-N a -C 10 H H *OH 

Prepared by the action of diazotised 8-nitro-l- 
amino-fl-naphthoI-4-suIphonic acid on o-naph- 
thol. The reddish-brown aqueous solution 
gives a violet-brown precipitate with hydro¬ 
chloric acid, and, with sodium hydroxide, 
becomes first deep-blue and then red. The 
solution in sulphuric aciifr is blackish-blue, 
giving a brown precipitate on dilution. 

Literature. —E. P. 15082 of 1901 ; I). R. P. 
169683 ; F. P. 350071 ; Jtal. P. 73531 ; Aust. P. 
127191. 

Double Brilliant Scarlet G (A.) (Lev.) (K.) 
(T. M.) (A.); Scarlet for silk (M.); Double 
Scarlet (1).). Prepared from jS-iiaphthylannne- 
6-aulphonic acid and /3-naphtlfc>l. Aqueous solu¬ 
tion gives brown, precipitate with diluto acids. 
Dissolves in sulphuiic acid with a red colour, 
giving a brown precipitate on dilution. 

Literature.—E. P. 3724 of 1882; D. R. P. 
22547; F. P. 150503 ; A. P. 332829. 

Fast Red cone. (Seh ); Fast Red A (B.) 
(C. J.) (Lev.) (B. K.) (By.) (Claus & Co.) (L.) (K.) 
(D.) (T. M.)(0.); Roccelline(l). H.) (B. K.) (C.) 
(I.) (G.) (P.) (K. S.) (T. M.) (Central DyestulT 
and Chemical Co.); Fast Red AV (B.); Fast 
Red O (M.); Cardinal Red (HL); Rubidine 
(B. K.); Sulphonaphthaleneazo-B-naphthol 
HSO., CjoH 8 ‘N a 'C 10 H 8 *OH 
Prepared by the action of diazotised naphthionic 
acid on /3-naphthol in alkaline solution. Sub¬ 
stance dissolves in hot water with a reddish- 
brown colour; concentrated solution when 
rapidly cooled solidifying to a brown gelatinous 
mass. Soluble in sulphuric acid with a violet 
colour, becoming brown and giving a precipitate 
of tiie free acid on dilution. The corresponding 
colouring matter from a-naphthylamine-5-sul- 
phonic aoid is called Brilliant Fast Red G (B.). 

“ Literature.—E. P 786 of 1878; D. R. P. 

5411; F. P. 123148 , A. P. 204799 ; Griess, Ber. 
1878, 11, 2199; 1879, 12, 1364. 

Add Ponceau (D. if.) (K. S.); Ponceau for 
Silk (P.); Ponceau S for silk (I.); Ponceau G 
for Silk (K.); Scarlet for Silk (B.); Sulpho-#- 
naplithaleneazo-/S-naphthol 

HSOa*C 10 H fl , N s , C 10 H 6 , OH 

i In the constitutional formula of this colouring 
matter, kindly communicated along with other informa¬ 
tion to the writer by the manufacturers, the azo- group 
is shown attached to the 2- position of the a-naphthol, 
although the 4- posltlorfis unoccupied. The combina¬ 
tion U probably effected In presence of very concentrated 
alkali hydroxide. Other examples of thl3 ortho- com¬ 
bination are known, both In the benzene«and naphtha¬ 
lene series. (Compare Michel and Grandmougln, Ber. 
1898, 26, 2353 ; Bamberger, ibid. 1900, 33, 3188 ; Bam¬ 
berger and Meimberg, ibid. 1895. 28,1889 ; Bamberger, 
ibid. 848; D. E. P. 14443.) 

Voi, l Mr. 
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Prepared by sulphonating 0-naphthylamine, 
diazotising the mixed isomenc sulphonic acids, 
and combining with /8-naphthol in alkaline 
solution. Aqueous solution gives a brown pre¬ 
cipitate with dilute acids. Dissolves in sul¬ 
phuric acid with a rod colour, becoming brown 
and precipitating on dilution. 

Lithol Red R (B.); Sulphonaphthaleneazo- 
0-naphthol IlS() 3 -G 10 If B ;N a -O 10 H 6 -OH. Pre¬ 
pared by the action of diazotised /3-naphthyl - 
amine-1-sulphonic acid on /3-flaphthol. The 
commercial product is a paste which is only 
very sparingly soluble even in hot water. It 
is used exclusively in the manufacture of lakes. 

Literature.— E. P. 25511 of 1899; 4859 of 
1909; 7922 of 1910; 1). R. P. 112833: F. P. 
297330 ; A. P. 050757. 

Lake Bordeaux B (M.). Prepared from the 
samo diazo- compound as the preceding and 
^-hydroxynaphthoic and. It is a bordeauf- 
red paste used for making lakes. 

Literature. —E. P. 7351 of 1907; D. R. P. 
205080 ; F. P. 385570 ; A. P. 858065. 

Clayton Cloth Red (Cl. Co.); Stanley Red 
(Cl. (Jo.); Titan Scarlet (H.); Sulpliobenzenyl- 
armnothiocrcsolazo-j8 naphthol 

N * 

CH 3 '0,H 3 ;' ^C‘0„H 4 (S0 3 H)‘N 2 ’C, 3 H„‘OH 

Prepared by tho action of diazotised dehydro- 
thio-p-toluidinosulphonic acid on /3-naphthol. 
The commercial product is tho ammonium salt. 
Forms a reddish-brown solution in water, and a 
violet-red with sulphuric acid. 

Literature. —E. P. 18901 of 1889; D. R. P. 
51331. 

Acid Alizarine Violet N (M.); Palatine 
Chrome Violet (B.); Anthracene Chrome Violet 
B (C.); Ortho Cerise B (A.)Copper Red N 

(M .); Sulphophenolazo-j8-naphthol 

OH-C b H3(SO 3 H)N 2 *C 10 H g OH 

Prepared from diazotised 2-aminophenol-4- 
sulphonic acid and /3-naphthoi. Aqueous solu¬ 
tion is dark bordeaux-red, and solution in 
sulphuric acid is magenta-red. 

Literature. —D. R. I\ 78409; D. R. P. appi. 

A 7938; F. P. 310508. 

Acid Alizarine Black R (M.); Nitrosulpho- 
phenolazo-j8-naphthol 

OH-C 6 H 2 (NO 2 )(SO 8 H)-N 2 C 10 H 6 -OH 

Prepared from diazotised G-nitro-2-aminophenol- 
4-suiphonic acid and /3-naphthol. Aqueous 
solution is brownish-violet, and solution in 
sulphuric acid is reddish-violet. 

Literature.— E. P. 2772 of 1900; D. R. P. 
143892 ; F. P. 300011; A. P. 667935. 

Anthracene Chrome Black (C.); Sulpho- 
naphthoiazo-3-naphthol 

HSO s *C 10 H 5 (OH)-N 2 -C 10 H fl OH 

Prepared by the action of diazotised 3-amino- 
j8-naphthol-7-sulphonic acid (R.) on /3-naphthol. 
Aqueous solution is red ; hydrochloric acid gives a 
reddish-violet precipitate, and sodium hydroxide 
turns it bluish-violet. Solution in sulphuric 
acid is bluish-green, giving a reddish-violet 
precipitate on duution. 

Literature. —E. P. 28107 of 1897; D. R. P. 
109932 ; F. P. 272620, 272621. 

2 H 
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Palatine Chrome Black 6 B (B.) ; Erloehrome 
Blue Black R (G.>; Salicln Black (K.); Add 
Alizarin Blue Blaok A (M.) ; Diamond Blue 
Black EB (By.); Anthracene Blue Black BE 
(C.); Chrome Fast Black PW (I.); Chrome 
Blue N. (P.). Isomeric with the preceding. 
Prepared from diazotised l-amino-0-naphthol- 
4-sulpkonic acid and /J-naphthol. Blue aqueous 
solution gives yellowish-brown precipitate with 
hydrochloric acid, and turns first blue and then 
red with sodium, hydroxide. Solution in sul¬ 
phuric aoid is dark-blue, giviug a blackisli-brown 
precipitate on dilution. 

Literature.— E. P. 27372 of 1303 ; 4397 and 
15025 of 1904; J). R. P. 150440, 100530, 
181320, 171024, 188045, 190093, 181714, 189175; 
1). K. 1>. appl. G 21484 ; F. I'. 338819, 350055 ; 
A. P.'770177. 

Salldn Black UL (K.) is the zinc sodium salt 
of the above, and is prepared by diazotising 
l-amino-0-naphtho]-4-sulplionio acid with zinc 
nitrite and combining the diazo-conipound with 
0-naphthol in concentrated alkaline solution. 

Literature. —E. P. 23034 of 1905; 22200 of 
1909 ; 1). R. P. 175593, 195228 ; F. P, 353780 ; 
A. P. 807422 ; Tonnoka, J. Soc. Chein. Ind. 
1917, 30, 1043. 

Erloehrome Black A (G.); Nitrosulpho- 
naphtholazo-0-naphthol 

NO a 'C,oH 1 (.S0 3 H)(OII)Nj'CioHr.'OH. 
Prepared from diazotised 8-nitro-l -amino-0- 
napnthol-4-sulphomc acid and 0-naphthol, 
Dark-blue aqueous solution gives a reddish- 
brown precipitate with hydrochloric acid, and 
becomes cherry-red with sodium hydroxide. 
Solution in sulphuric acid is dark-violet blue, 
giving a brown precipitate on dilution. 

Literature. —E. P. 15982 of 1904 ; 1). It. P. 
169683 ; F. P. 350071 ; A. P. 790363 ; Ital. P. 
73531 ; Aust. P. 27)91. 

, Dlamosd Black PV (By.) ; Sulphophonolazo- 
I ; 5-dihvdroxynaphthalene 

OH-C e H 3 (SO a H)-N J 'C, 0 H s (0H) ! 

Prepared from diazotised o-aminophonol-p-sul- 
phonic acid and 1 :5-dihy(lroxynaphthalene. 
The azo- group enters the 2-position in the latter 
component. Bluish-red aqueous solution gives 
a dark-red precipitate with hydrochloric acid. 
Solution in sulphuric aoid is blackish-green, 
giving a reddish precipitate on dilution. 

Literature. —il. P. 18139 and 18569 of 1902 ; 
Fischer, J. pr. Chein. 1917, [ii.j 95, 261. 

Azo Aoid Blue (M.) (By.); Ethyl Acid Blue 
RR (B.). Is prepared by the action of diazo¬ 
tised p-nitroanilinc on 1 : 8-dihydroxynaphtha- 
lone-4-sulphonic aoid, reducing the nitro- group 
and alkylating the product, or by the action of 
diazotised dialkyl-p-phenylenediamine on tho 
sulphonic acid. It gives a blue-violet solution 
in water and a reddish-violet m sulphuric acid. 

Literature. —E. P. 8270 of 1892 ; D. R. P. 
70885, 77169; F. P. 221363 ; A. P. 567615. 

Milling Yellow (Lev.) (D.) (L.); Chrome 
Yellow D (By.); Anthracene Yellow BN (0.); 
Mordant Yellow (B.) (M.); Chrome Fast Yellow 
R (A.) ; Sallcin Yellow D (K.) ; Alizarol Yellow 
(8«h.); SulphonaphthaleneazoBalicylio acid 

H&) j'C, oH ,’N ,'C e Hj(CO,H)'OH 
Prepared by the action of diazotised 0-naphthyl- 
amine-6-(or 5-)-sulphonio acjd on salicylic acid. 


Solution in water is yellow, and in sulphuric 
acid yellowish-red. 

Literature. —F. P. 206755. 

Oriol Yellow (G.): Cotton Yellow R (B.); 
Alkali Yellow (D.). Prepared by the action of 
diazotised dehydrothio-p-toruidinesulphonic acid 
or primuline on salicylic acid. Gives an orange- 
yellow solution in water, and a scarlet-red with 
sulphuric acid. 

Literature.— D. It. P. 484C5; F. P. 192028; 
A. P. 398990. 

Erloehrome Phosphine R (G.); Nitrosulpho- 

benzeneazosahcylic acid 

NO 2 T'„H 3 (,SO 3 ll)-N 2 -G 6 H 3 (0O i H)-OH 
Prepared by the action of diazotised p-nitro- 
anihne-o-sulphonic acid on salicylic acid. 
Yellowish-orange aqueous solution becomes pale 
orange with hydrochloric acid, and blue-red with 
sodium hydroxide. Solution in sulphuric acid 
is yellowish-orange giving a pale-yellow precipi¬ 
tate on dilution. 

Literature. —D, It. I’. 226242. 

2. Disuli'fomc Acids. 

Chrome Brown RR (G.); Disulphophenol- 
azopyrogallol 

0H-C,H a (S0 3 H) 3 -N 3 -C,H 3 (0H) 3 
Prepared by the action of diazotised p-amino- 
phenol-2: (i-disulpllonic acid on pyrogallol. 
Solution m water is yellow, and in sulphuric 
acid brown. 

Literature. —E. P. 11902 of 1893 ; D. R. P. 
81109 ; F. P. 230937 ; A. P. 548460. 

Orange G (A.) (M.) (B.) (P.) (0. J.) (T. M.) 
(Sell ) (K.) (().) (Central Dyestuff and Chemical 
Co.); Orange GG (C.) (II. K.) (!>.); Orange GG In 
Crystals (Sell.); Fast Light Orange G (By,); 
Benzcncazo-0-naphtholdisuIphonie acid 
C 6 H s -N 2 -C 10 H 1 (SO 3 H) J -OH(j3) 

Produced by the action of dtazobenzene chloride 
on 0-naphthol-6: 8-disulphonic acid (G-salt) in 
alkaline solution. Solution not precipitated by 
alkali; dissolves in sulphuric acid with an 
orange colour, undergoing no change on dilution. 

Literature. —E. P. 1715 of 1878 ; D. R. P. 
3229; F. P. 124811 ; A. P. 251162. 

Crystal Scarlet 6R (C.) (M.) (By.) (B. K.); 
Crystal Ponceau (A.) (K.) (B.) (D.) (L.) (P.); Pon¬ 
ceau 6 R (T.M.); a-Naphthaleneazo-0-naphthoI- 
6: 8-disulphonic acid (G-acid). Produced by 
the action of diazotised a-naphthylamine upon 
0-naphthol-6: 8-disulphonic acid in alkaline 
solution. 

Literature. —E. P. 816 of 1884; D. R. P. 
36491 ; A. P. 332528. 

Ponceau 2 G (B.) (M.) (B. K.); Brilliant 
Poneeau GG (C.); Orange R (H.j. Isomeric 
with Orange G. Prepared by the action of 
diazobenzenc chloride upon 0-naphthol-^ : 6* 
disulphonic acid (R-salt). Properties Bimilar to 
those of the preceding compound; oolour 
slightly redder in shade. 

Literature as for Orange G. 

Azocoralline L (D.); Azogrenadine L (By.); 
p-Acetylaminobenzeneazo-jSmaphthol-3:6-casui- 
phonic acid 

CH 3 CONH-C,H 4 'N,-C 10 H 4 (8O,H),-OH 
Prepared by the action of diazotised acetyl-p- 
phenylenediaraine on /3-naphthol-3; 6-ajsul- 
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phonic acid (R-salt). Solution in water is 
orange-red, and in sulphuric acid yellowish-red. 

Literature. —Nietzki, Ber. 1884, 17, 344. 

Acid Alizarine Red B (M.); Palatine Chrome 

Red B (B.); Caiiboxybenzeneazo-j8-naphthol- 
3 :6-disulphonic acid 

CO a H-C 6 H 4 N 2 -C 10 H 4 (SO 3 H) a -OH 
Prepared from diazotised anthranilic acid and 
R-salt. It gives a yellowish-red aqueous solu¬ 
tion, and a red solution in sulphuric acid. In 
the form of a lako it is known as Pigment 
Scarlet 3 B (M.). 

Literature. —E. P. 23830 of 1902; 1). R. P. 
141257; F. P. 328128; A. P. 757109. 

Ponceau R, 2 R, G and GR 1 (A.) (B.) (M.) 
(By.) (B. K.) (0.) (P.) (L ) (K. S.) (T. M.) (Lev.) 
(C.) (V. J.); Brilliant Ponceau R (T. M.); 
Scarlet 2 R (H.) (Caleo Chemical Co.); Xy- 
leneazo-/J-naphthol-3; 6-disulphonic acid 
C 4 H I -N t -C 10 H 4 (SO J )H 1 -OH(/B) 

Produced by the action of diazotised xylidine 
(chiefly mota-) on £-naphthol-3 : 6-disulphonic 
acid (R-salt). Properties similar to those of 
Orange G. Colour a distinct scarlet; aqueous 
solution not precipitated by alkali; an amor¬ 
phous precipitate by calcium or barium chloride. 
Solublo with a red colour in sulphuric acid, 
becoming bro\tfh and preeipityling on dilution. 

Literature. —E. P. 1715 of 1878; D. R P. 
3229 ! F. P 124811 ; A. P. 210233. 

Ponceau 3 R (A.) (B.) (M.) (0. J.) (K.) 
(By.) (L.) (0.); Ponceau 4 R 2 (A.); Ponceau 
8 R 56 (Sch.); Cumeneazo-8-naphthol-3 : 6- 
riisulphonic acid 

C t H ll -N 1 ‘C l0 H 4 (SO a H) s -OH(j8) 

Produced by the action of diazocumeno chloride 
(from 4-cumuiine) on R-salt. Properties as 
above ; colour of a redder shade than the last. 

Literature. —*SV above, and A. P. 251163. 

Bordeaux B (H.) (A.) (M.) (B K.) (Caleo 
Chemical Co.) ; Fast Red B (B.) (B. K.) (L.); 
Fast Red P extra (By.); Bordeaux BL (C.); 
Bordeaux R extra (M.); Bordeaux G (D.); 
Bordeaux R (T. M.); Ceraslne (P.); Cerasine R 
(D. H.) ; Archelline 2 B (Lev.); Azo Bordeaux 
(Sch ); a-NaphthaIeneazo-S-naphthol-3 : 6-di- 
sulphonic acid 

C 10 H 7 -N f -C I0 H 4 (SO s H) a -OH 
Prepared from diazotised a-naphthylamine and 
R-salt. Solution in water is magenta-red, and 
in sulphuric acid blue, becoming magenta-red ! 
on dilution. 

Literature. —L. P. 1715 of 1878 ; I). R. P. 
3229; F. P. 124811 ; A. P. 251164. 

Cocdnlne B, C (M.) 

CH i '0 , C 4 H 3 (CH s )*N 3 CioH 4 (S0 3 H) 2 *OH 
Prepared froradiazotised3-amino-4-cresol methyl 
ether and R-salt. Gives a cherry-rod solution 
in water or sulphuric acid. 

Literature.— E. P. 4914 of 1878; D. R. P. 
7217; F. P. 124811. 

Sorblne Red (B.); Azogrenadine S (Bv.); 
Lanrfuchslne (variolis marks) (C.); Azo Acid 

» G OR and Brilliant Ponceau G (C)*are made from 
crude xylidine and crude R-salt, R from crude xylidine 
and 1 R from m-xylidine and pure R-salt. 

* 3 R Is made from crude cumidlne and 4 R from pure 
if-cumldlne. 


Red B (M .); Wool Red SB (0.) ; ^Acetylamino. 
benzeneazo-a-naphthol-3 : O-tlisulphomc acid 

CH 3 -CJONH-C 4 H 4 N 2 -C 10 H 4 (SO 3 H) l *OH 
Prepared by the action of diazotised aoetyl-p- 
phenylenediamine on a-naphthol-3:6-disulphonic 
acid. Aqueous solution is currant-reef, and in 
sulphuric acid fiery red. 

Literature. —Chem. Zeit. 1900, 24, 493; 
Zeitsch. Farbcn. Ind. 1902, 26, 223. 

Palatine Scarlet A (B.); Cochineal Scarlet PS 
(By.); Nassoira Scarlet 0 (M.); Brilliant Wool 
Scarlet (K.) ; Brilliant Cochineal 2 R, 4 R (C.); 
tn-Xylencazo-a-naphthol-3: 6-disulphonic acid 
C 8 H s N 2 , C 10 H 4 (SO 3 H) 2 , OH. Prcparod from 
diazotised w-xylidinc and a-naphthol-3:6- 
disulphonic acid. Solution in water is scarlet- 
red, and in sulphuric acid bluish-rod. « 

Literature. —JD. It. P. appl. G 3630. 

XL Carmoislne 6 B (11.); ro-Xyleneazqtfi- 
hydroxynaphthalene-3 : 6-disulphonic acid 
C s H 9 N 2 C n ,fl 3 (S0 3 H) 2 (0II) 2 . Prepared by the 
action of diazotised m -xylidine on 1 : 8-dihy- 
droxynaphthaIene-3 : 6-disulphonic acid (chro- 
matrope acid). 

Eosamine B, G (A.); Methoxytolueneazo-a- 
naphthol-3: 8-disulphonic acid 

CH 3 ()U : H 6 *N 3 C 10 H 4 (SO 3 H) 2 ;Oir 
Prepared from diazotised m-amino-p-cresol 
methyl ether and o-naphthol-3 : 8-disulphonio 
acid. Solution in water is bluish-red, and in 
sulphuric acid violet-blue. 

Literature. —Chem. Ind. 1896, 19, 8. 

Palatine Red A (B.); Naphthorubin 0 (M.); 
o-Naphthalcneazo-a-naphthol-3 : O-disulphonic 
acid C 10 HyN 2 *C 10 H 4 (SO 8 H) 2 'OH. Prepared 
from diazotised a-naphthylamine and a-naph- 
thol-3 : 6-disulphonic acid. Bluish-red solution 
in water, and bluo in sulphuric acid. 

Literature. —E. P. 15716 of* 1885; I). R. P. 
38281 

“Direct Rose G (IC S.) ; Erika 2 GN (A.): 

CH 3 -C 6 H/®^C-C,H 4 -N il 'C 10 H 1 (SO s H),-OH 

* 

Prepared from diazotised dehydrothio-p-tolui- 
dine and a-naphthol-3: 8-disulphonio acid (e- 
acid). Cherry-red aqueous solution gives a 
scarlet-rcd precipitate with hydrochloric acid, 
and a bluish-red one with sodium hydroxide. 
Solution in sulphuric acid is dark-bluish red, 
giving a scarlet-red precipitate on dilution. 

Geranine 2 B, G (By.); Brilliant Geranine 
B. 2 BN, 3 B (By.). These dyes are prepared 
from the same diazo- compound as the preceding, 
combined with a-naphthol-4 : 8-disulphonio 
acid (2 B), a-naphthol-3-sulphonio acid (G), 
or 1 : 8*dihydroxynaphthalene-4-sulphonio aoid 
(Brilliant Geranine). The aqueous solution is 
red, ari l that in sulphuric acid is violet-red (2 B 
and G) or blue (Brilliant Geranine). 

Literature. —1). R. P. 73251, 73340. 

Erika B extra, BN (Lev.) (L.) (A.); Methyl- 
benzenylaminothioxylenolazo-a-naphthol-3 ; 8- 
disulphonic acid 

(CH 3 ) j C,H,/ S '>C'0,H 1 -N,-C 10 H,(SO,H), 

'N* I | 

CHj OH . 

Prepared from diazotised dehydrothio-m-xyli- 
dine and a-naphthol-3: S-disulphonio acid 
Solution in water o» sulphuric aoid ie red 
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Literature.— E. P. 17333 of 1888; D. R. P. 
63951; F. P. 194400 ; A. P. 418657 ; Anschutz 
and Schultz, Bar. 1889, 22, 583. 

Erika G extra, GN (A.) (Lev.); Erika 4 GN 

(A.). Is isomeric with the preceding, being 
prepared'.from £-naphthol -6 : 8 -disulphonic acid 
(G-acid), and has similar reactions. 

Literature. —Her. 1889, 22, 585. * 
Azocochineal (By.); Amsoleazo-a-naphthol- 
4: 8 -disulphonic acid 

CH 8 *O*C fc ff 4 *N a *O l 0 H 4 (SO a H) a *OH 

Prepared from diazotised o-anisidine and a- 
naphthol-4: 8 -disulphonic acid. Solution m 
water and sulphuric acid is rod. 

Literature. —E. P. 15775 and 15781 of 1885; 
D. R. J\ 40571 ; F. P. 173083, 173084. 

Chromotrope 2 R (M.); XL Carmoisine R 
(H^; Benzcncazo 1 : 8 -dihydroxynaphthalcne- 
3 : 6 -disulphonic acid 

C 6 H 6 -N 2 'C i 0 H 3 (SO 3 H) 2 (OH ) 2 

Produced from diazotised aniline and 1 : 8 - 
dihydroxynaphthale.no - 3 : 6 - disulphonic acid. 
Gives in water a magenta-red, and in sulphuric 
acid a ruby-red solution. 

Literature.— E. P. 9258 of 1890; T). R P. 
69095 ; F. P. 200439, 212007 ; A. P. 458283. 

Chromotrope 2 B (M.); p-Nitrobenzeneazo- 
1:8- dihydroxynaphthalone -3:0- disulphonic 
acid NO 2 -0 ft U 4 -N 2 -C 10 H 3 (SO 3 H) 2 (()I [) 2 IV- 

I iared by the action of diazotised yj-nitroam- 
ine on 1 : 8-dihydroxynapht]ialene-3 : 6 -disul¬ 
phonic acid. Solution in water is yellowish-red, 
and in sulphuric acid dark-violet. 

Literature. —As under Chromotropc 2R. 
Victoria Violet 4 BS (M.) (By.) ; Domingo 
Violet A (L.); Ethyl Acid Violet S 4 B (B.); 
Azo Wool Blue ((!.); p-Aminobenzeneazo-1 : 8 - 
dihydroxynaphthalone -3:6- disulphonic acid 
, NH 2 ’0 6 H/Nj.’Ojo H 3 (S0 3 II ) 2 (OH) 2 . Prepared 
by the alkaline reduction of chromotrope 2 B 
or by eliminating the acetyl- group from chromo- 
trope 6 B (see below). It gives a dark-violet 
solution in water, and a bluish-red in sulphuric 
acid. Similar colouring matters are Victoria 
Violet 8 BS (M.), Victoria Violet 5 B (By.), and 
Victoria Violet L (I.). 

Literature. —E. P. 8270 of 1892; D. R. P. 
70885, 73321 ; F. P. 221363, 226690. 

Chromotrope 6 B (M.); XL Fuchsine 6 B 
(H.); Fast Acid Red EBB (L.); p-Acetylamino- 
benzeneazo-1 : 8-dihydroxynaphthalone-3 : 6 - 
disulphonic acid 

CH 3 -CO-NH*C 0 H 4 'N 2 *C 1 ( ,H 3 (SO 3 H) 2 (OH) a 

Prepared by the action of diazotised acetyl- p- 
phenylenediamine on 1 : 8 -dihydroxynaphthal- 
ene-3: 6 -disulphonic acid. Solution in water 
is violet-red, and in sulphuric acid ruby-red. 

. Literature.— D. R. P. 75738. 

Chromotrope 10 B (M.); Naphthaleneazo 
1 : 8-dihydroxynaphthttlene-3 :6 disulphonic acid 
Oi 0 H 7 -N 3 *C jo H 3 (SO 3 H) 2 (OH ) 2 

Prepared from diazotisod a-naphthvlamino and 
the above acid. Violot solution in water, and 
greenish-blue in sulphuric acid. 

Literatifrt .—As under Ohromotrone 2 R. 
Chromazone Red A (G.); Benzaldehydeazo- 
1 : 8-dihydroxynaphthalene-3 : 6 -disulphonic 
acid CflO 0 0 H 4 'N 3 *C 10 H 3 (SO 3 H) 2 (OH) 2 . Pro¬ 


duced from diazotised p-aminobenzaldehyde 
and 1 : 8 -dihydroxy naphthalene-3 : 6 -disulphonic 
acid. Solution in water is red, and in sulphuric 
acid bluo. 

Literature .—E. P. 13744 of 1896; D. R. P. 
85233 ; F. P. 248517. 

Chromazone Blue R (G.); Phcnylethylhy- 
drazonc of the preceding colouring matter 
W0 2 H 6 )N N: Cn 0 6 II 4 -N 2 CioU 3 (S0 3 H) 2 (OH) a 
Prepared cither by condensing chromazono red 
with ns-phenylcthylhydrazine or by the action 
of diazotised 71 -aminobenzylidenephcnylethylhy- 
drazonc on 1 : 8-dihydroxy-3 : 6 -disulpnonic acid. 
Solution in water is blue-violet, and in sulphuric 
acid blue red. 

Literature as above. 

Diamine Rose (various marks) ; DIanil 
Rose BD (M.); Bcnzenylaminothiophenolazo- 
chloronaphtholdisulphonic acid 

0H 3 -0 11 H3 /S )C'0,K 1 -N.-C 1 „H 1 Cl(SO 3 H) a -OH 

\N' / 

Prepared from diazotisod dchydrothio-p-tolui- 
dmo and 8-chloro-a-naphthol-3 : 6 -disulphonic 
acid. Magenta-red solution in water, and 
reddish-violet in sulphuric acid. 

Literature. —E. P. 1920 and 9441 of 1894; 
D. R. P. 79055, 82285, 96768, 99227 ; F. P. 
235271 ; A. P. 535637. 

Fast Acid Fuchsine B (By.); Fast Acid 
Fuchsine G (B.K.); Benzencazo-1 8 : -amino- 
naphthol 3 : 6 -disulphonic acid 

C 6 H 6 -N 2 -C 10 H 3 (.SO 3 H) 2 (OH)-NH 3 

Prepared from diazotisod aniline and 1 :8- 
aminonaphthol-3 : 6 -disulphonic acid (H-acid) 
in alkaline solution. Solution in water or 
sulphuric acid is magenta-red. 

LUctatuie. —E. P. 13343 of 1890; D. R. P. 
62368, 70031 ; F. P. 210033. 

Tolane Red B (K.) ; Benzencazo-1 : 8 -amino- 
naphthol-4 • 6 -disulphonic acid. Isomeric with 
the preceding. Prepared from diazotised aniline 
and 1 : 8-aminonaphthol-4 : 6 -disulphonic acid 
(K-acid). Solution in water or sulphuric acid 
is magenta-red. 

Lilciature. —E. P. 615 of 1894; D. R. P. 
99164 ; A. P. 563383. 

Amidonaphthol Red G (M.); Brilliant Acid 
Carmine 2 G (O.); Azo Phloxine 2 G (By.) ; 
Bcnzeneazo-1 : 8-acetylaminonaphthol-3 : " 6 -di- 
sulphonic acid 

C ft H 6 -N 2 -C 10 H 3 (SO 3 H) 2 (OH)*NH-OO'CH 3 
Prepared from diazotised aniline and acetyl 
H-acid in alkaline solution. Scarlet-red solution 
in water, and red solution in sulphuric acid. 

Literature. —E. P. 26457 of 1905; D. R. P. 
180089 ; F. P. 348426. 

Amido Naphthol Red 6 B (M.); Brilliant 
Acid Carmine 6 B (O.). Prepared as the pre¬ 
coding, but ^-aminoacetanilide is used instead 
of aniline. The solution in water or sulphuric 
acid is red. 

Palatine Chrome Green G (B.); Chrome 
Fast Green G (I.); 4-Nitrt)-2-aminophenol is 
diazotised and combined with II-acid. It gives 
a dark reddish-violet solution in water, and a 
reddish-violet in sulphuric acid. 

Fast Sulphone Violet 5 BS (K. S.) is prepared 
by combining a diazo- compound with 1 : 8- 
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amiuonaphthol-3 : 8 - or -4 : 6 -disulphonie acid 
in alkaline solution, and treating the product 
with p-toluenesulphonyl chloride, whereby the 
amino- group is transformed into the p-toluene- 
sulphonylamino- gtoup. Other dyestuffs of the 
same kind are Brilliant Sulphone Red B (K. S.) 
and Fast Sulphone Violet 4 R (K. S.). 

Literature. —E. P. 22880 of 1890; D. R. P. 
120081; F. P. 294325; A. P. 6409&9. 

Azo Archil R. (A.); Bcnzeneazo-2-amino- 
8-naphthol-3: 6 -disulphonic acid (2 R- acid). 
Isomoric with fast acid fuchsino B (By.). 
Prepared from diazotised anilme and 2 R- acid. 
Solution in water or sulphuric acid is yellowish- 
red. 

Literature. —D. R. P. appl. A 3710. 

Azorubine (Wiescher & Co.) (0.) (Lev.) 
(Central Dyestuff and Chemical Co.); Azorubine 
S (A.) (Sch.); Azorubine G (T. M.); Azorubine A 
[0 .); Azo Acid Rubine (0. J.) (D ); Azo Acid 
Rublne R (K.); Nacarat (1>.); Fast Red C 
(B.) (B. K.); Carmoisine [K. S.); Carmoisine B 
(By.); Carmoisine S (II.); Mars Red G (B.); 
Brilliant Crimson (Cl. Co.); Brilliant Carmoisine 
0 (M.); Sulpho-a-naphthaleneazo-a-naphthol- 
sulphonic acid 

HSO 3 -C 10 H b -N 2 *C I0 TI & (SO 3 H)OH 

Prepared by the action of dlhzotised naphthionic 
acid on a-naplithol-4-sulphonic acid in presence 
of alkali. Solution gives a rod crystalline pre¬ 
cipitate with calcium chlorulo; substance dis¬ 
solves in sulphuric acid with a bluish-violet 
colour, becoming red on dilution. When used 
for after-chroming oil wool the dyestuff is known j 
as Azochrome Blue R (K.) ; Chrome Blue R 
(B.) ; Chromotrope FB (M.) j Omega Chrome 
Blue A (K. «.). 

Literature. —E. P. 2237 and 4237 of 1883; 
D. R. P. 20012, 00838, 07240. 

Fast Red VR (By); isomeric with the 
preceding. Prepared from diazotised naphthi¬ 
onic acid and a-naphthol-5-sulphonic acid, j 
Aqueous solution is bluish-red and gives a : 
reddish-brown precipitato with hydrochloric j 
acid. Substance dissolves in sulphuric acid j 
wPh reddish-blue colour. When used for after-' 
chroming on wool the dyestuff is known as 
Azochrome Blue B (K.); Chromotrope F 4 B 
(M.). Diamona Blue 3 B (By.) also belongs to 

Vast Red (B.) (K.) (By.) (B. K.) (T. M.) (I).) 
(0.); Fast Red S (M.) (D. H.); Naphthol Red EB 
C.) ; Naphthol Red GR (B.); Acid Carmoisine B 
(B. K.); Fast Red (Lev.) (A.) (0. J.) (P.); Sulpho- 
a - naphthaleneazo - /3 - naphtholsulphonio acid 
HSO 3 U 10 H 8 -N 2 U 10 H 6 (SO 3 H)-OH. Isomeric with 
the preceding; prepared from diazotised 
naphthionic acid and jS-naphthol-G-sulphonic acid. 
Aqueous solution claret-red; not precipitated 
by acids, dissolves in sulphuric acid with a 
violet colour, becoming red on dilution. 

Literature. —E. P. 780 of 1878; D. R. P. 
5411; F. P. 1231*8; A. P. 204799. 

Crocei'ne Scarlet 3 BX (By.) (K.) ; Coccine 2 B 
(A.); Scarlet OO0 (H.); Acidol Coccine 2 B 
(T. M.). Isomerio with the last; prepared 
from diazotised naphthionic acid and £-naphthol- 
8 -Bulphonio acid. Hot solution (concentrated) 
gives a crystalline magnesium salt on adding 
magnesium sulphate and allowing to cool; 


solution in sulphuric acid reddish-violet becoming 
yellowish-red on dilution. 

Literature. —E. P. 2031 of 1881; D. R. P. 
20402 ; A. P. 256376. 

Double Scarlet Extra S (A.) (Lev.) ; Double 
Brilliant Scarlet 3 R (By.); Doublf Brilliant 
Scarlet S (K.); Brilliant Ponceau 4fR (By.); 
Scarlet PR (P.); Scarlet 2 R extra cone. (T. M.). 

Isomeric with the last; prepared from diazotised 
/ 8 -naphthylamine-O-sulphonic acid and a-naph- 
lhol-4-sulphonic acid 

HS0 3 , (JioH 0 , N a , Cj 0 H 6 (SO s H)’OH 
Aqueous solution gives yollowish-brown pre¬ 
cipitate with dilute acids. Dissolves in sul¬ 
phuric acid with a red colour, becoming yellower 
on dilution. 

Literature .—E. P. 3724 of 1882 ; D. R. P. 
22547 ; F. P. 150503 ; A. P. 332829. 

Azofuchsine G (By ); Fast Fuchsine G (Sen.); 
p - S u 1 pho bcnzeneazodihydroxy naphthalene - 4 • 
sulphonio acid 

HSO 3 *C 8 II 4 N 1 ‘C I 0 H 4 (OH) i , SO 3 H 
Prepared from diazotised sulphanilio acid and 
1 : 8-dihydroxynaphthalene-4-sulphonic acid. So¬ 
lution in water is bluish-red, and in sulphuric 
acid violet. Analogous colours are Azdtuchslne 
S, 6 B, and GN extra (By.). 

Literature. —E. P. 18517 of 1889; D. R. P. 
54116 ; F. P. 203744 ; A. P. 466841, 468142. 

Crumpsall Yellow (Lev.); Disulphonaphtha- 
lcneazosalieylic acid 

C 10 ll l (SO 3 H) 2 -N 2 C ( 1 lI 3 (0H)-C0 a H 
Produced by the action of diazotised /3-naph- 
thylaimne -0 : 8 -disulphonic acid on salicylic acid. 
Solution in water is yellow, and in sulphuric 
acid, orange red. 

Literature.— E. P. 12145 1894; D. R. P. 

87483. 

Lanacyl Blue BB (0.); Disulphohydroxy- • 
naphthaleneazoaminonaphthol 

CioII«(SO,H) a (OH)-N t -G 10 H B (OH)*NH l 
Prepared from diazotised ?: 8 -aminonaphthol- 
3 : 6 -disulphonic acid (H-acid) and 1 : 5-amino- 
naphthol m acetic acid solution (the azo- group 
attacks the ortho- position relative to the 
hydroxy- group). Solution in water is reddish 
or bluish-violet, and in sulphuric acid blue. 
To this group belong also Lanacyl Blue R and 
Lanacyl Navy Blue B, 2 B, and 3 B (0.). 

Literature. —E. P. 24134 of 1896; D. R. P. 
95190 ; F. P. 260848. 

Rosophenine 10 B (Cl. Co.); Rosophenine 
Pink (Cl. Co.); Direct Scarlet B (K.); Thiazine 
Red R (B.); Benzoin Fast Red AE (B. K.); 

Sulphobenzenylaminothiocresolazo- a -naphthol- 
| 4-sulphonic acid 

c,h/ S \c-c,h 4 -n 1 -o 10 ivoh 

I X N^ I | 

CH„ SO s H SO,H 

Prepared from diazotised dehydrothio- p -tolui* 
dinesulphoniv. acid and a-naphthol-4-sulphonio 
acid. Solution in water is crimson-red, and in 
sulphuric acid violet-red. 

The corresponding colour from diazotised 
primuline is called Rosophenine S® (Cl. Co.); 
(D. R. P. 48465 ; F. P. 192628, 190988 ; A. P. 
398990). 

Thiazine Red 6 (B.). Prepared from diazo- 
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tised primuline (snlphonic acid) and /3-naphthol- 
6 -sulphonic acid. Orange-red aqueous solution 
gives an orange-red precipitate with hydrochloric 
acid, and becomes dark with sodium hydroxide. 
Solution in sulphurio acid is blood-red, giving 
an orange precipitate on dilution. 

The corresponding colour from diazotised 
dehydrothio-p-toluidinesulphonio acid is Clayton 
Cloth Scarlet (01. Co.); Titan Pink 3 B (H.); 
Thiazine Red GN (B.). 

References as for rosopkenine SG. 

3. Trisulvhoni c Acids. 

Azo Red A (C.); Sulpko-a-naphlhaleneazo- 
a-naphthol-3 : 6 -disulpkomc acid 

HSO 3 *C 10 H # -N 8 -C 1 ( ,H 4 (SO 3 H) 2 -OH 
Prepared by the action of diazotised naphtkionic 
acid on a-naphthol-3 : O-disulphonic acid. Aque¬ 
ous solution red. Solution m sulphuric acid is 
blue, becoming violet and then red on dilution. 

New Coccine (A.) (M.); Brilliant Scarlet 
(Lev.) (C.); Croceme Scarlet 4 BX (K.) ; Victoria 
Scarlet 4 R (T. M.); Special Ponceau (P.); Co¬ 
chineal Red A (B.) ; Brilliant Ponceau 4 R 
(By.) (C.); Brilliant Ponceau 5 R (By.) (L>.); 
Ponceati 4 R (B K.); Brilliant Scarlet S (Sell.); 
Scarlet 5 0 (H.); Scarlet N (Farbwerk Amrncrs- 
foort); Sulpho-a-naphthaleneazo-/3-naphtliol- 
6 : 8 -disulphonic acid 

HSO 3 -C 10 H 6 *N 2 -C 10 H 4 (SO 5 H) 2 'OH 
Prepared by the action of diazotised naphthionic 
acid on 0-naphthol-G: 8 -disulphonic aeid (G- 
salt). Aqueous solution red, not precipitated 
by acids. Dissolves in sulphuric acid with a 
red colour, becoming yellowish-red on dilution. 

Literature. —E. P. 810 of 1884 ; 1). R. P. 
3229, 36491 ; F. ,T\ 124811 ; A. P. 314938. 

Fast Red D (B.) (0.) ; Azo Acid Rubine 2 B 
(D.) (B. K.) (U. J.); Cloth Red (T. M.) ; Bordeaux 
S (A.) (Lev.) ; Amaranth (M.) (C.) (B. K.) (P.) 
(I.) (D. H.) (T. M.) (Lev.) (Central Dyestuff and 
Chemical Co.) (Ault and Wiborg Co.) ; Naphthol 
RedO(M ); Naphthol RedS(B.)(B.K.) ; Naphthol 
Red C (C.) ; Naphthylamlne Red G (By.); 
Fast Red (C. J.); Fast Red NS (By.) ; Bordeaux 
DH (D. H.) ; Victoria Rubine 0 (M.) (B K.) ; 
Azo Rubine S (K. S.) ; Amaranth 107 (Sch.) ; 
Acid Crimson (H.) ; Wool Red (Sch.) ; Wool 
Red extra (K.); Azo Red N extra (L.). Isomeric 
with the preceding. Prepared from diazotised 
naphthionic acid and R-salt. 

Literature.—D. R. P. 3229. 

Chromotrope 8 B (M.); p-Sulphonapkthalenfr- 
azodihydroxynaphthalene-3 : G-disulphonic acid 

HSO 8 , C l 0 H a 'N 2 , C 10 H 3 (SO 3 H) 2 (OH) J 
Prepared by the action of diazotised naphthionic 
acid on 1 : 8-dihydroxynaphthalene-3 : 6 -diaul- 
phonic acid. Solution in water is violefc-red, and 
m sulphuric acid indigo-bluo. In addition to 
this and the other ‘ chromotrope ’ colours 
mentioned above, the marks S and 7 B also 
appear on the market, but their constitution 
has hot yet been published. 

literature.— E. P. 9258 of 1890; D. R. P. 
69096 i F. P. 212007 ; A. P. 468283. 

* t 

4. Tetrasulphonic Acids. 

Ponceau 6 R (M.) (B.); 4 p-Sulphonaphtha- 
lenoazo-/ 8 -naphtholtrisulphonic acid 


HS0 8 , C 10 H a , N 2 , C 1 oHj(SOjH) a , OH * 
Prepared by the action of diazotised naphthionic 
acid on £-naphthol-3 : 6 : 8 -trisulphonic acid. 
Solution in water is magenta-red, and in sul 
phuric acid violet. 

Literature. —E. P. 2644 of 1882 ; D. R. P. 
22038 ; F. P. 149249 ; A. P. 268606. 

Heliopurpurine 4 BL (By.); Disulphonaph- 
thalencazo-a-naphthol-3 : O-disulphonic acid 
C 10 H s (SO 8 H) 2 N 2 -C 10 H 4 (SO 8 H) 2 -OH 
Prepared from diazotised /3-naphthylamine- 
3: O-disulphonic acid and a-naphthol-3: 6 - 
disulphonic acid. Used exclusively in the 
manufacture of lakes. 

Literature. —Farber-Zeit. 1904, 15, 95. 

Heliopurpurine 7 BL (Bv.). Isomeric with 
the preceding. Prepared by the action of 
diazotised /3-naphthylamine-1 : O-disuljphonic 
acid on j8-naphthoi;3: O-disulphonic acid (R- 
salt). Used only fou lakes. 

Literature as above. 

5. Pentasulpiionic Acids. 

Heliopurpurine GL (By.); Disulphonaphtka- 
leneazo-j8-naphthol-3 : 0 : 8 -trisulphonic aeid 
U I 0 H 5 (SO 8 H) 2 -N 2 -C 10 H 8 (SO 8 H) 3 -OH 
Prepared from diazotised j 8 -naphthylamine- 
3 : O-disulphonic acid and 0-naphthol-3 : 0 : 8 - 
trisulphonic acid. 

Use arid literature as above. 

E. Carboxylic Acids ol Hydroxyazo- Compounds . 1 

Alizarine Yellow GG (M.) (1.); Chrome 
Yellow R (P.); Alizarine Yellow G, 3G (Lev.); 
Alizarine Yellow 3 G (By.); Mordant Yellow 

2 G T (B.) ; Anthracene Yellow GG (C.) ; Aliza¬ 
rine Yellow G (K. 8 .); m-Nitrobenzeneazosali- 
cylic acid 

N0 2 'C 6 H 4 -N 2 -U 0 H 3 (C0 2 H)-0H 
Prepared from diazotised m-nitroaniline and 
salicylic acid. The commercial product (the 
free acid) is usually a yellow paste, insoluble 
in water, and giving an orange solution with 
sulphuric acid. The sodium salt is put on the 
market in the dry state as Alizarine Yellow GGW 
(M.) (Ault and Wiborg Co.). 

Literature. —E. P. 17583 of 1887; D. R. P. 
44170; F. P. 187821 ; A. P. 424019. 

Alizarine Yellow R (M.) (C. R.) (By.); 
Alizarine Orange R, 2 R (Lev.); Mordant Yellow 

3 R (B.); Mordant Yellow PN (Farbwerk 
Ammersfoort); Orange R (K. S.); Milling 
Orange R (L.); Anthracene Yellow RN (C.); 
Metachrome Orange R (A.) (Brotherton & Co.); 
Chromoxanthine (K. 8 .); Terracotta R (G.); 
Chrome Orange (P.). Isomeric with the last. 
Propared from diazotised p-nitroaniline and 
salicylic acid. Comes on the market as a 
brown paste insoluble in water and giving an 
orange-yellow solution with sulphuric acid. 
This consists of the free dcid; the sodium salt 
(soluble in water with an orange colour) is 
called Alizarine Yellow HW (M.) (Marden, 
Orth, and Hastings Corporation). 

Lrimriure.T-Meldola, Chem. Soc. Trans. 1885, 
47, 006; Bull. Mulhouse, 1892, 108; J. Soo. 

1 Carboxylic acids containing also sulphonic add 
groups are described under the corresponding sulphonic 
or disulphonlc aclda. 
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Chen*. Ind. 1890, 9, 53 ; 1892, 11, 599 ; J. Soc. 
Byers, 1889, 5, 106; E. P. 13920 of 1888; 
F. P. 193190; A. P. 431297. 

Chrome Fast Yellow GG (A.); o-Anisoleazo- 
salicylic acid CH,^U fl H 4 ‘N a -C fl H 3 (C0 2 H)-0H. 
Prepared from diazotised o-anisidine and sali¬ 
cylic acid. In commerce as a bright-yellow 
paste or a yellow powder. Solution in hot water 
is greenish-yellow, and in sulphuric acid yellow¬ 
ish-brown. 

Lihraiur*. —E. P. 12221 of 1895; B. R. P. 
84772. 

Azoalizarine Yellow 6 G (D. H.) ; Alizarine 
Yellow 5 G (M.); Tartrachromine GG (1.) ; 
p-phenetoleazosalicylic acid 

C 2 H s -0-C # H 4 -N a -C„H a (C0 2 ll)-0H 

Prepared from diazotiaed p-phenetidino and 
salicylic acid. Solution in water is yellowish- 
brown, and in sulphuric ac^d brown-red. 

Diamond Flavine G (Jly.); p-Hydroxydi- 
phenylazosalicylic acid 

OH-C 1 s H h N a -C a H 3 (C0 2 H)0H 

Prepared by boiling the intermediate product 
from tetrazotised benzidine and one molecule of 
salicylic acid. In commerce as a yellowish- 
brown paste or powder which dissolves in water 
only after the addition »f sodium acetate. 
Solution in sulphuric acid is blood-red. If the 
intermediate product is treated with sodium 
bisulphite, the product is known as Dutch Yellow 
(Farbwerk Ammcrsfoort); Mordant Yellow GRO 
(B.), winch gives a yellow solution in water, and 
a bordeaux-red one m sulphuiio acid (B. It. P. 
68953). 

Literature. —E. P. 11663 of 1891; B. R. P. 
60373 ; F. P 214756. 

Diamond Yellow G (By.); m-Carboxyben- 
zeneazosalicvlie acid 

C() 2 HO.H 4 -N a *C 6 H 3 (C0 2 H)OH 

Prepared from diazotised m-aminobenzoic acid 
and salicylic acid. A greyish-yellow paste 
soluble in wator (with addition of sodium 
acetate or carbonate) with a yellow colour. 
Gives a reddish-yellow solution with sulphuric 
acid. 

Literature. —E. P. 8299 of 1889; B. R. P. 
58271 ; F. P. 198521 (addition); A. V. 502368, 
502369. 

Lake Red D (M.); Car boxy benzenoazo- (3- 
naphthol CO a II C,,IJ 4 -N a *C t 0 H fl ' 6 H. Prepared 
from diazotised i»nthranilic acid and /3-naphthol. 
Orange-red pa.>to used for lakes. 

Literature.— E. P. 22781 of 1906; B. R. P. 
189023 ; F. P. 373115; A. P. 878964. 

Brilliant Lake Red R (M.); Benzencazo-2* 
hydroxy-3-naphthoic acid 

C 6 H 5 -N a U 10 H 5 (OH)-CO 2 H 

Prepared from diazotised aniline and £-hydroxy- 
napnthoic acid. Used for making lakes 
Literature. —Ber. 1893, 26, 2897. 

• 

F. Unclassified Monoazo- Colouring Matters. 

Perl Wool Blue B, BG, G (C.). These 
colouring matters are produced by the action of 
diazotised nitroaminophenols on peri- derivatives 
of naphthalene. 


III. Biuzo- Compounds.* 

A. Primary Disazo- Colouring Matters . 8 

Leather Brown (O.): 

NH 2 - C c H 4 , N a , C 4 H 2 (NH a ) a , N a 'C # H 4 , NH l , 
Prepared by combining 2 mols. of p-j)5azoacet- 
anilido with 1 mol. of tn-phenyienediamine, 
and heating the product with strong hydro¬ 
chloric acid. Commercial product is the mono- 
hydrochlorido or the zinc chloride doublo salt. 
The brown aqueous solution becomes yellower 
on addmg hydrochloric acid, and gives a brown 
precipitate with sodium hydroxiae. The sub¬ 
stance gives a brown solution in sulphuric acid, 
which becomes yellowish-brown on dilution. 

Literature. —E. P. 11218 of 1891 ; B. R. P. 
57429; A. P. 462414. • 

Terra Cotta F (G.); Clayton Cotton Brown 
(Cl. Co.): • 

P 3 •N a -C fl H a (NH 2 ) a -N a U 10 H ( 1 'SO 3 H 
Prepared by combining first diazotised naphthi- 
onio acid and secondly diazotised primuline 
with wi-phenylcnediamine. Solution in water 
is brown, giving a brown precipitato witli hydro¬ 
chloric; acid. Sulphuric acid dissolves colour to 
a reddish-violet solution, giving a brown pre¬ 
cipitate on dilution 

Literature. —E. P. 1688 and 8215 of 1890; 
D. R. P. appl. G. 5870; F. P. 203439; A. V. 
440288. 

Cotton Orange R (B.): 

P 3 •N 2 -C ( ,(NH a ) 2 (S0 3 H) a -N a -C a H 4 -S0 8 II 4 

Prepared by combining first diazotised primuline 
and secondly diazotised metanihe acid with 
m-phenylencdutnunedisulphomc acid. The 
orange-red aqueous solution gives a reddish 
precipitate with hydrochloric jtcid. Solution in 
sulphuric acid is bright red, precipitating on 
dilution. « 

Literature. —E. P. 21753 of 1893; D. R. P. 
76118 ; F. P. 231694 ; A. P. 524261. 

Anthracene Acid Brown G (C.) (Warden, 

' Orth, and Hastings Corporation): 

HS0 3 , C 8 H 4 'N t C t ,H a (CO a H)(OH) , N|’C 8 H 4 'NO t 

Prepared by combining diazotised sulphanilic 
acid (1 mol.) and diazotised p-nitroaniline 
(1 mol.) with salicylic, acid (1 mol.). Aqueous 
solution is reddish-brown, and that in sulphuric 
acid is bluish-green. 

Literature.—E. P. 17590 of 1890; B. R. P. 

I 95066 ; F. P. 258783. 

Resorcin Brown (A.) (K.) (H.) (I.) (B. K.) 
(Sch.): 

HSO 3 -C 0 H 4 -N a -C 9 H 2 (OH) 2 -N a -C 8 H # 
Diazoxylene chloride is combined with resorcin 
yellow. Aqueous solution gives a brown 
precipitate with acids. Dissolves in sulphuric 
acid with a brown colour. 

Literature.— B. R. P. 18861 ; A. P. 209359. 

• 8 m at*- Disazo- and Titrazo- colouring 

MATTERS. 

3 It will be sufficient to give the chemical formulas of 
these disazo-compounds without giving their names in 
full. 

* P=residue of primuline or dehydr§thlotoluidine 
refers to sulnhonic acid. 

* According to Heumann (Die Anlllnfarben und Hire 
Fabrikation) the formula is— 

P-N a C t H(NH*)(80 3 H) a NH'N,-C a H 4 *S0 a H 
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Fast Brown GJA.); Acid Brown (D.) (P.); 
Acid Brown G(T.M.) (B. K.). 

(HSO,-C fl H 4 'N,) a C 10 H 6 *OH(a) 

Prepared by the action of diazotised sulphanilic 
acid (2 mols.) on a-naphfchol (1 mol.). Aqueous 
solution' -red-brown ; violet precipitate with 
dilute acid. Sulphuric acid solution violet, 
becoming yellowish-brown on dilution. 
Literature. —Krohn, Bor. 1888, 21, 3241. 

Fast Brown (By.); Resorcin Dark Brown 
(B.K.): (IISO 3 ‘C l 0 H fi N 2 ) 2 C < ,H 2 (OH) 2 . Prepared 
by the action of diazotised naphthionic acid 
(2 mols.) on resorcinol (1 mol.). Brown aqueous 
solution gives a readily soluble precipitate with 
hydrochloric acid, and becomes cherry-rod with 
sodium hydroxide. Solution in sulphuric acid 
is curi-ant-red. 

Literature. —D. R. P. 18801. 

a Palatine Black A (B.) ; Wool Black 4 B and 
6 B (A.); Buffalo Black PY (Sell.) 

HSO 3 *C a H 4 -N 2 -C 10 H 3 (SO 3 H)(OH)(NH 2 )-N 2 -C 10 H 7 

Prepared by the action of diazotised sulphanilic 
acid (1 mol.) on 1 : 8-ammonaphtliol-4-sul- 
phonic acid in acid solution, and treating the 
product in alkaline solution with diazotised 
a-naphthylamine (1 mol.) in alkaline solution. 
Dark-blue aqueous solution becomes bluish-green 
with hydrochloric acid and pure blue with 
sodium hydroxide. The solution in sulphuric 
acid is blue, giving a dark-blue precipitate on 
dilution. 

Literature. —E. P. 7713 of 1891 and 9894 of 
1893; I>. R. P. 71199, 91855; F. P. 213232; 
A. P. 590088, 593790. 

Naphthol Blue Black S; Naphthol Black 
12 B (C.); Naphthol Blue Black B ; Acid Black 
10022 (L.); Wool Black 6 G extra cone. (T. M.) ; 
Naphthalene Black 10 B (P.) ; Blue Black N8 
(K.); Coomassie Blue Black (Lev.); Amido 
Black 10 BO (M.) ; Amido Acid Black 10 B (A.) ; 
Naphthylamine Black 10 B (By.) ; Buffalo Black 
NB (Sch.) ; Agalma Black 10 B (B.) : 

N0 2 -C 0 H 4 'N | -C 1 oH 2 (S0 3 H) 2 (OH)(NH 2 )*N 2 -C 6 H !l 

Prepared by the action of diazotised p-rntro- 
anilwe (1 mol.) on 1 : 8-aminonaphthol-3 : 6 - 
disulphonic acid (H-acid) in acid solution, and 
trc-ating the product in alkaline solution with 
diazotised aniline. The dark-blue aqueous 
solution gives a blue prccipitato with hydro¬ 
chloric acid. The solution in sulphuric acid 
is green, giving a blue precipitate on dilution. 

Literature. —E. P. 1742 and 0972 of 1891 ; 
D. R. P. 05051; F. P. fourth addition to 201770 ; 
A. P. 480326. 

Domingo Blue Black (various marks) (L.). 
Isomeric with the preceding, 1 : 8 -amino- 
naphthol-3 : 5-disulphonicacid being used instead 
of Il-acid. Mark B gives a violet aqueous solu¬ 
tion, and a green solution in sulphuric acid. 

Literature. —E. P. 19253 of 1895; D. R. P 
appl. F 8626; A. P. 606438. 

Chrome Patent Green N, C (K.): 
(NOg) J C 6 H a *N a '0 ltt H 2 (SO s H) 2 (NH 2 ) , OH 

9 H NyCflHg 

Prepared by the action of diazotised aniline 
(1 mol.) and diazotised picramic acid (1 mol.) 
on 1 : 8-aminonaphthol-4 ; 6 -disulphonic acid. 


Literature .—E. P. 15074 of 1899; D. R. P, 
110711; F. P. 291IM 6 . 

Blue Black N (K.>: 
NO a -C 6 H 4 -N a -C 10 H 2 (S0 8 H) a (OH)-NH a 

I 

N a -C ft H 6 

Prepared by the action of diazotised p-nitro- 
anilmo (1 mol.) on I : 8-aminonaphthol-4 : 6- 
disulphonic acid in acid solution, and treating 
the product in alkaline solution with diazotised 
aniline. 

Lderatuie.— 1). R. P. 108266 ; F. P. 271070 ; 
A. P. 563384, 613639. 

Supramine Black BR (By.). The special 
base used m the preparation of this colouring 
matter is p-aminophenyl ether. Two mols. (or 
one of this and one of another base) are diazo¬ 
tised and combined with 1 : 8 -aminonaphlhol- 
4 : 6 - or 3 : 6 -disulphonic acid. 

Literature .—F. 14 402546; A. P. 958830. 
Janus Yellow R (M.)- 

N(CH 3 ) 3 ClC fl II 4 N 2 -C 6 H 2 (OH) 3 -N 2 -C 6 H 4 -NO a 

Prepared by combining diazotised m-amino- 
phenyltriinethylammonium chloride with m- 
nitrobenzeneazoresorcinol. Y ellowish - brown 
aqueous solution gives a yellowish-brown pre¬ 
cipitate. Solution in sulphuric acid is magenta- 
red, becoming yellqw on dilution. 

Literature. —E. P. 5119 of 1897 ; D. R. P. 
93499, 95530, 99127, 100420; F. P. 264579; 
A. P. 623697. 

Azidine Fast Scarlet GGS, 4BS, 7 BS (C. J.). 
These dyes are prepared by the action of 2 
mols. of a diazo- compound on the substance 
HSO3-0 10 H 5 (OH)-NH-CONHC 6 ii 2 (CH 3 )S0 3 H 

I 

0HL‘ ltt H 6 (S0 3 H)-NH-C0-NH 

The brand GGS is made from diazotised 
o-toluidine (2 mols.), 4 BS from diazotised o- 
toluidine (1 mol.), and diazotised A-naphthyl¬ 
amine (1 mol.), and 7 BS from diazotised A- 
naphthylamine (2 mols.). 

Literature. —E. P. 1781 of 1910; D. R. P. 
appl. J. 11718; F. P. 412138; A. P. (appl.) 
541843. 

Benzo Fast Scarlet GS, 4 BS, 8 BS, &c. (By.). 
These dyes are obtained by the action of 2 mols. 
of a diazo- compound on the urea produced by 
the action of carbonyl chloride on 2 mols. of 5- 
amino-o-naphthol-3-sulphonic acid (J-acid): i.e. 
HS0 3 -C J0 H 6 (0H)'NH*C0;NH-C 1 „H 6 (0H)-80 3 H, 
or by treating azo- colouring matters from diazo¬ 
compounds and J-acid with carbonyl chloride 
or with carbon disulphide. 

Literature. —E. P. 3615 of 1900; D. R. P. 
122904, 126133,120801, 128195,132511,133466 ; 
F. P. 297367; A. P. 653498, 662122, 675629, 
675632. 

B. Secondary Disazo- Colouring Matters. 
Sudan III (A.) ; Cerasine Red (C.) (Barking 
Chemicals Co., Ltd.) ; Fat Ponceau G (K.); 
Scarlet R (C. J.); Scarlet B Oil Soluble (B. K.) ; 
Motl Red 2 R (T. M.) ; Phonal Red B (D.); 
Oil Red O (Sch.) : 

C 0 H 6 -N a -C 9 H 4 -N a *C 10 H 8 -OH(A) 

Prepared by the action of diazotised aminoazo 
benzene on A-naphthol. Insoluble in water; 
dissolves in sulphuric acid with a green oolour, 
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becoming blue, and finally red and precipitating 
on dilution. 

Literature. —Nietzki, Ber. 1880, 13, 1838; 

E. P. 5003 of 1879; D. R. P. 16483, 55779; 

F. P. 134802. 

Ponceau 5 R (M.) (K.); Erythrlne P (B.): 
C fl H B ’N a ’C fl H 4 ’N a C 1 „H 3 (S0 3 H) 8 , 0H 
Prepared by the action of diazotised aminoazo- 
benzene on £-naphthol-3 : 0 : 8 -trisulphonic acid 
in alkaline solution. Cherry-red aqueous solu¬ 
tion gives a brown precipitate with hydrochloric 
acid, and becomes violet with sulphuric acid. 

Literature .—E. P. 2544 of 1882; D. R. P. 
22038 ; F. P. 149249 ; A. P. 208507. 

Cloth Red G (By.); Cloth Red R (D.); Silk 
Red R (B.) ; Fast Silk Red (O.): 

C c H B -N a -C 8 H 4 N a -C 10 H 6 (SO3H)-OH 
Prepared by the action of diazotised aminoazo- 
benzene on a-naphthol-4-sulphonic acid in 
alkaline solution. Dissolves in sulphuric acid 
with a violet colour, giving a brownish-red 
precipitate on dilution. 

Literature. —E. P. 2237 of 1883 ; D. R. P 
26012. 

Croceine B (Sell.). The disulphonic acid 
corresponding with the preceding; produced 
by the action of diazotised aminoazobenzene 
on a-naphthol-4 : 8 -disulphon «3 acid. 

Literature.— JS. P. 15775 and 15781 of 1885; I 
D. R. P. 40571; F, P. 173083, 173084; A. P. 
333037. 

Croceine AZ (C.). Isomeric with the pre¬ 
ceding. Prepared from a-naphthol-3 : C-disul- 
phonic acid. The solution in water is red, and 
in sulphuric acid reddish-violet. 

Brilliant Croceine M (C.)(B K.) (O.); Brilliant 
Croceine 3 B ^By.); Brilliant Croceine bluish 
(M.); Brilliant‘Croceine O (K ); Brilliant 
Croceine, extra cone. (T. M.); Cotton Scarlet 
(B.); Ponceau BO extra (A.); Croceine 3 B 
(P.); Croceine AZ (K. S.); Paper Scarlet (M.): j 
C.H B -N a 0 6 H 4 N a C 10 H 4 (SO 3 H) a ()H 
Prepared by the action of diazotised aminoazo¬ 
benzene on 0-naphthol-O : 8-disulpliomc acid. 
Dissolves in sulpburio acid with a rcddish- 
vioiefc, becoming first bluer and then red on 
dilution. 

Literature. —E. P. 816 of 1884; D R. P. 
36491 ; F. P. 159998 ; A. P. 314939. 

Azo Acid Violets (various marks) (By.) arc 
prepared from diazotised aminoazobenzene (and 
1 similar compounds) and 1 : 8 -dihydroxynaph- I 
thalene-4-sufphorue acid (or disulphonic acid). 

Literature.—E. P. 3397 of 1890 ; 5984 of 
1891; D. R. P. 57021, 64017. 

Sudan IV (A.) (D.); Oil Ponceau (M.) (W.); 
Cerotine Ponceau 3 B (G. J.); Fat Ponceau R 
(K.); Scarlet BBB Oil Soluble (B. K.) ; Red 
P 1566 (P.). (See also Fast Azo Garnet, p. 457.) 
C 7 H,'N a -C 7 H ft ‘N a 'Cio H # *OH. Prepared from 
diazotiaed o-aminoazotoluene and £-naphthol. 
Insoluble in water, but soluble in alcohol or 
benzene with a bluish-red colour. Sulphuric 
acid gives a blue solution, which yields a red 
precipitate on dilution. 

Cloth Red B (By.) (D.): 

0 : H 7 'N|*C 7 H B ‘N ,•€ 1 0 H B (SO S H) -OH 
Prepared by the action of diazotised o-amino- 
ozotoluene on a-naphthol-4-sulphonio acid. 


The red aqueous solution give* a red precipitate 
with hydrochloric acid, and on adding sodium 
hydroxide* to the solution it becomes violet. 
The solution in sulphuric acid is blackish-blue. 

Literature.— E. P. 5003 of 1879; D. R. P. 
16482. J 

Cloth Red G (0.); Cloth Red G extra (By.); 
Cloth Red GA (A.) ; Acldol Cloth Red G (T. M.): 

C 7 H 7 -N a -C 7 H a *N a -C I 0 H 6 (SO a H)-OH(3) 
Produced by the action of diazotised amino- 
azotoluene on /3-naphthol-6-sulphonic acid. 
Dissolves in water with a red-brown colour 
giving a similarly coloured precipitate on addi¬ 
tion of acid. Dissolves with a blue colour in 
sulphuric acid, giving a brownish-red precipitate 
on dilution. # 

Literature.—E. P. 5003 of 1879; D. R. P. 
16482. # 

Cloth Red B (0.) (K.); Cloth Red 0 (M.J; 
Cloth Red BA (A.); Cloth Red BB (D.); Fast 
Bordeaux 0 (M.); Fast Milling Red B (Lev.); 
Wool Red B (0.): 

C ; H 7 -N 2 U 7 He-N a -C 10 TI 4 (SO 3 H) a -OH(/3) 

| Preparod by the action of diazotised aminoazo- 
toluene on /3-naphfliol-3 : 6 -disulphon»'c aqid (R- 
salt). Aqueous solution red, becoming brownish 
on addition of hydrochloric acid. Dissolves in 
sulphuric acid with a blue colour, giving a 
brownish-rod precipitate on dilution. 

Ltteratinc as under preceding colour and 
E. P. 536 of 1880. 

Cloth Red 3 G extra (By.) ; Cloth Red 3 GA 
(A.); Cloth Red 3 G (0.) : 

C ; H 7 -N 3 G 7 H 6 ’N a -C J 0 H 6 (SO 3 H)-NH a 
Prepared by the action of diazotised amino- 
azotoluene on j3-naphthylamino-6-sulphonic acid. 
The red aqueous solution gives with hydrochloric 
acid a dark reddish-brown precipitate. The 
solution in sulphuric acid is dark greenish-blue, 
and gives a brownish-red precipitate on dilution. 

Bordeaux BX (By.): 

C 8 H 9 -N 3 'CHH 8 -N 2 -C 10 H 6 (SO a H)-OH 
Prepared by the action of diazotised amino- 
azoxylene on £-naphthol- 6 - 8 ulphonic acid. 
Solution in water is brownish-red, and gives a 
brownish-red precipitate with hydrochloric acid 
or sodium hydroxide. Sulphuric acid dissolves 
colour to a green solution, which gives a reddish- 
brown precipitate on dilution. 

Literature. —E. P. 6003 of 1879; D. R. P. 
16482. 

Union Fast Claret (Lev.); 

C 8 H,/N a -C ! 1 H 8 -N a -C 1 oH 4 (S0 3 H) a -OH(/3) 
Prepared by the action of diazotised aminoazo- 
xyleno on 0-naphthol-3: 6 -disulphonic aoid. 
Soluble in water with a Bordeaux-rod colour; 
reddish-brown flocculent precipitate on adding 
diluto acid. Solution in sulphuric acid dark 
blue, giving reddish-brown precipitate on 
dilution. 

Literature.— E. P. 5003 and 5021 of 1879, 
536 of 1880; D. R. P. 22010; A. P. 210233, 
246221. 

Croceine Scarlet 3 B (By.) (K.) (T. M.); 
Erythrlne 2 R (B.); Ponceau 4 RB (A^: 

HS0,'C,H,'Ni'C,H 1 N,C 1 (fl 5 (80,H)'0H 
Produced by the action of diazotised aminoazo* 
benzenesulphonic efeid on /3-naphthol-8-sul- 
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phonic acid (Baker’s). Solution not precipi¬ 
tated by alkali; a red precipitate produced by 
barium chloride, becoming dark-\iolet and 
crystalline on boiling. Dissolves in sulphuric 
acid with a deep-blue colour, becoming violet 
and th<Fq red on dilution. 

Literature. —E. P. 1225 and 2030 of 1881, 
2411 of 1883, 8390 of 1884; D. R. P. 18027; 
F. P. 142024 ; A. P. 250380. 

Fast Scarlet B (K.): 

HSO,-C tt H 4 N J , C 6 H 4 *N 2 «C 10 H 6 (SO 3 H) OH 
Prepared by the action of diazotised aminoazo- 
benzenemonosulphonic acid on 3-naphthol- 
6-sulphonic acid (Schaffer’s). Red solution 
in water, giving brown precipitate with hydro¬ 
chloric acid and a red-violet colouration with 
sodium hydroxide. Solution in sulphuric acid 
is blue, and becomes red on dilution. 
v Literature. —D. R. P. 10482. 

Cloth Scarlet G (K.) : 

HSO 3 -C fl H 4 -N 2 C 6 II 4 N a C 10 H 6 OH 

Prepared by the action of diazotised aminoazo- 
benzenemonosulphonic acid on 3-naphthol. 
The scarlet solution in water gives? a brown I 
precipitate with sodium hydroxide, and becomes 
yellower on addition of hydrochloric acid when 
dilute, but in concentrated solutions a light- 
red precipitate is produced. The solution in 
sulphuric acid is green, becoming red on dilution. 

Literature.— E. P. 5003 and 5021 of 1879, 
536 of 1880; D. R, P. 16482. 

Milling Orange (D.): 

HS05-C 8 H 4 -N 2 -C 6 H 4 -N 2 -C ( 1 H 3 (C0 2 II)-()H ' 

Prepared by the action of diazotised aminoazo- 
benzenemonosulphonic acid on salicylic acid. 
Orange-red solution in water, giving greyish- 
yellow precipitate with hydrochloric acid, and 
a dark-red solution and precipitato with sodium 
hydroxide. The solution in sulphuric acid is 
violet, giving a greyish-yellow precipitate on 
dilution. 

Ponceau 3 RB (A.) (B. K.); New Red L (K.); 
Ponceau B extra (M.); Fast Ponceau B (14.); 
Double Scarlet (K.); Scarlet EC (C.) ; Blackley 
Scarlet (Lev.); Scarlet B (P.) : 

HSO3C 6 H 4 -N 6 -C 6 H 3 (SO 3 H)-N 2 -C I0 H fl OH 

Prepared from diazotised aminoazobenzene- 
diatuphonic acid and 3-naphthol. Solution not 
precipitated by alkali; a brown fioceulent 
precipitate by dilute acids. Dissolves in sul¬ 
phuric acid with a green colour, becoming first 
blue and finally brown and precipitating on 
dilution. 


Literature. —E. P. 5003 of 1879, 529 of 1880 ; 
D. R. P. 16482 ; A. P. 224927, 224928 ; Nietzki, 
Ber. 1880, 13, 800, 1838; Miller, ibid. 542, 
803, 980. 

Croceine Scarlet 0 extra (K.): 

H80 3 *C e H 4 N 2 *C,H 3 (80 3 H)-N 2 -C 1 oH 4 (SO < jH)OH 
Prepared by the action of diazotised arainoazo- 
benzenedisulphonic acid on /B-naphthol-S-sul- 
phonic acid. The yellowish-red aqueous solu¬ 
tion gives a violet colouration with hydrochloric 
acid or sodium hydroxide. The solution in 
sulphuric acid is blue, becoming yellowish-red 
on dilution. 


Croceine Scarlet 7 B (Ruch & Fils); Ponceau 
ft RB (A.) ; Croceine Searlet 8 B (K.) (By.) - 
Erythrine 7 B (B.); Coeeeihe 7 B (P.) • 


HSO,C 7 H,-N a -C ? H 6 *N s *C 10 H # (SO 3 H)OH(A) 

Prepared by the action of diazotised aminoazo 
toluenesulphonic acid on 3 -naphthol- 8 -sulphoni< 
acid (Bayer’s) in presence of alkali. Resemble! 
croceine scarlet 3 B in general properties ; give! 
a crystalline magnesium salt on adding magne 
j sium sulphate to hot concentrated solution anc 
allowing to cool. Dissolves with a blue coloui 
in sulphuric acid, becoming red on dilution. 

Literature as for croceine scarlet 3 B: and 
A. P. 256375. 

Orseilline 2 B (By.). Prepared by the action 
of diazotised aminoazotoluenesulphonic acid 
I on a-naphthol-4-sulphonic acid. Dissolves with 
| a blue colour in sulphuric acid, becoming red 
on dilution. 

Literature. —E. P. 2237 and 4237 of 1883; 
D. R. P. 26012. 

Bordeaux G (By.) (M.). Prepared by the 
action of diazotised aminoazotoluenemono- 
sulphonic acid on.^-naphthol-O-sulphonic acid. 

Literature.— E. P. 5003 of 1879; D. R. P. 
16482, 16483. 

Eriochrome Verdone A (G.): 
HS0 3 C 6 H 4 N 2 0 : H 5 (0H)N 2 -C in H n 0H 

Sulphanilic acid is diazotised and combined with 
ro-amino-p-cresol and the product is diazotised 
and combined yith /3-naphthol. The violet 
aqueous solution becomes claret-red with 
hydrochloric acid, and blue-green with sodium 
hydroxide. The solution in sulphuric acid is 
green, giving a brown-rod precipitate oh dilu¬ 
tion. Wool is dyed in claret-red shades from 
an acid-bath and on chroming becomes blue- 
green. 

Literature.— E. P. 13903 and 13904 of 1909; 
I). R. P. 201377, 224024, 227197 ; F. P. 404536. 

Ponceau 10 RB (A.): 

H80;C 6 n 4 -N 2 C 6 H 3 (()-CU 3 ) N 2 C i 0 H 6 (8O 3 11) oh 
S ulphanilic acid is diazotised and combined 
with o-anisidinc, arid the product diazotised 
and combined with 3-naphthoI-8-suIphonic acid. 
The aqueous solution is red, and that in buI- 
phuric acid blue. 

Janus Red B (M.): 

N(CH 3 ) 3 Cl , C fl H 4 N 2 , C e H 3 (CH 3 ) , N 2 , CjoH 8 'OH 

Prepared by diazotising w,-aminophenyltri- 
raethylamraomum chloride, combining with 
m-toluidine, diazotising the product and com¬ 
bining with 3-naphthol. The red aqueous 
solution gives a brownish-red precipitate with 
hydrochloric acid and a bluish-violet precipitate 
with sodium hydroxide. The solution in sul¬ 
phuric acid is green, and gives a red precipitate 
on dilution. 

Literature. —E. P. 5119 of 1897, 10596 of 
1898; D. R. P. 93499, 95718, 98585, 100919; 
F. P. 264579; A. P. 623697. 

Neutral Grey G (A.): 

Diazotised benzenoazo-ct-naphthylamine is N com- 
bined with 7-amino-a-naphthol-3-sulphonic aoid 
( 7 -acid). It gives a blackish-violet solution in 
v/ator, and a bluish-green in sulphuric acid. 

Literature.— D. R. P. appl. A. 3743. 

Nyanza Black B (A.): 

NH 2 , C r H 4 , N 3 , C l oH e *N 2 , C JO H 4 (SO l H)(NH t ) , OH 
Prepared by the action of diazotised p-amino- 
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benzeneazo-a-naphthylamine (only one amino - 
group is diazotised ) 1 on 7-amino-a-naphthol- 
3-sulphonio acid ( 7 -acid). Solution is dark- 
violet and gives violet precipitates with hydro¬ 
chloric acid and Sodium hydroxide. The 
solution in sulphuric acid is blue, and gives a 
violet precipitate on dilution. The colouring 
matter itself produces only indifferent shades, 
but when diazotised and developed on the fibre 
fast shades are obtained. When developed 
with 7 n-tolylenediaminc, a brown-black is 
obtained, and with /3-naphthol a navy-blue. 

Literature .—E. P. 277 and 6630 of 1892; 
D. R. P. 72393, 72394, 80421 ; F. P. 221378; 
A. P. 491410, 511088, 5121(57. 

Coomassie Wool Black R (Lov.) :» 
NH 2 ’C 6 H 4 -N 8 -C 10 H 6 -N 2 -C 10 H 6 (SO 3 H)-OH 
Prepared by the action of diazotised p-acetyl- 
ammobcnzeneazo-a-naphthylamine on #-naph- 
thol- 6 -sulphonic acid (Schaffer’s), and hydrolys¬ 
ing the product. The dalk-violet solution 
gives a precipitate with hydrochloric acid. The 
solution in sulphuric acid is green, becoming 
red on dilution. 

Literature. — E. P. 24980 of 1899; D. R. P. 
122457 ; A. P. (5.54107, 654108. 

Coomassie Wool Black S (Lev.): 
NH 3 -C B H 1 -N 2 -C, u H B -N 2 -C I 0 y 4 ( t SO 3 H) 2 -OH 
Prepared as the. preceding dyestuff, the final 
component being j3-naphtliol-3 : 0-disulphotiie 
acid (R-salt). The blue-black aqueous solution 
becomes redder with hydrochloric acid. The 
solution in sulphuric acid is green, becoming 
red on dilution. 

Literature. —as above. 

Diaminogen BB extra (C.): 

NH 2 -U 10 TI 5 (SO a U) N 2 C ll( U„ N 2 C 10 lI 6 (SO 3 H)-OH 
Monoacetyl-1 : 4-naphthylenediamine-7-sulpho- 
nic acid is diazotised and combined with 
a-naphthylamino, the intermediate product 
diazotised and combined with 7-amino-a- 
naphthol-3-sulphonic acid ( 7 -acid), and the 

S roduct hydrolysed. When diazotised and 
eveloped on the fibre a fast black is produced. 

Literature.—E. P. 15444 of 1893 ; 1). R. P. 
7883i, 79910; F. P. 232299; A. P. 533453, 
660796. 

Diaminogen Blue BB (C.); Diazanil Blue BB 

(M.). Prepared as the preceding, but the end 
component is /3-naphthol-6-sulphonic acid 
(Schaffer’s). 

• Literature as ubo\ e. 

Diaminogen Blue G (C.). Prepared as above, 
the end-component being /3-naphthol-3: 6 - 
disulphonic acid (R-salt). 

Literature as above. 

Dlazo Indigo Blue is an analogous product. 

* Zambesi Sky Blue 4 B (A.). Prepared from \ 
diazotised monoacetyl-3 : 6 -diaminocresyl methyl | 
ether oombined with a-naphthylamine , 8 the 
intermediate product being diazotised and 
combined witn ^ naphthol-G-sulphonic acid 
and the end-product saponified. The reddish- 
violet aqueous solution becomes redder with 

l AH the authorities give the above constitution for 
this colouring matter, but it is generally understood that 
a benzenoid amino- group is diazotised preferably to a 
aaphthalenold amino- group. 

* According to Buntrock (Zeltsch. Farben-Ind. 1902, 
The patents quoted give the 6- or 7-sulphonic 
acid u intermediate component- 


hydrochloric acid and blu%r with sodium 
hydroxide. The solution in sulphuric acid is 
blue, and becomes violet-red on dilution. 

Literature. —E. P. 2188 of 1901; D. R. P. 
126172. 

Victoria Black B (By.)- . J 

HS0 3 -C fl H 4 -N 2 -C lu H 6 N a -C 1 oH 4 (OH) a -S0 3 H 
Prepared by the action of diazotised p-sul- 
phobenzencazo-o-naplithylamine on 1 : 8 -dihy- 
droxynaphthalene-4-sulphonic acid. The dark 
reddish - violet aqueous solution gives with 
hydrochloric acid a Bordoaux-red precipitate, 
and with sodium hydroxide becomes dark- 
blue violet. The solution in sulphuric acid is 
moss-green, changing on dilution to sea-green, 
and then to bluish-red. - 

Literature. —E. P. 13665 of 1889; D. R. P. 
61707, 62945 ; F. P. 200520 ; A. P. 466202. # 

Buffalo Black 10 B (Sch.); Acid Black N (P.): 
llSO 3 -( 1 6 U 4 , N/C 10 H # -N 2 , (h 0 H 3 (3O 3 H) 3 (OH) NH a 
Prepared as the preceding, except that 1 : 8 - 
aminonaphthoI-3 : 6 -disulphonic acid (H-acid) is 
used as the end-component. The solutions in 
water or sulphuric acid are blue. 

Literature. —A. P. 618963. , 

Jet Black R (By.): 

(HS0 3 ) 2 (! 0 H 3 -N 2 '(: l oH a N 2 -C 1 oH # -Nll-C 6 H # 
Prepared by the action of diazotised disulpho* 
benzeneazo-a-naphthylamine on phenyl-4- 
naphthylaminc. The bluish - violet aqueous 
solution gives a bluish-black precipitate with 
hydrochloric acid, and a soluble violet precipitate 
with sodium hydroxide. Sulphuric acid dis¬ 
solves the colouring matter to a blue solution, 
winch gives a greenish-bluo precipitate on 
dilution. 

Literature. —E. P. 14442 of > 688 ; D. R. P. 
48924 ; F. P. 193430 ; A. P. 425885. 

Diamond Black F (By.) (B.) (L.); Chrome 
Fast Black FRW (I.); Chrome Deep Black 
(T. M.); Salicin Black D (K.); Era Black F 
(Lev.); Fast Chrome Black B (Sch.); Fast 
Mordant Black B, T (M.); Chftme Black J (H.): 
CO 2 H‘(7 tt H 3 (OH) *N 2 'C, „H 6 *N 2 ’C, „H 3 (S0 8 H) -OH 
Aminosalicylic acid is diazotised and combined 
with a-naphthylamine, and the product diazo¬ 
tised and com binod with a-naphthol-4- (or 6 -) 
sulphonic acid. Bluish-violet solution gives 
violet precipitate with hydrochloric acid, and 
becomes blue with sodium hydroxide. Solution 
111 sulphuric acid is greenish, giving a violet 
precipitate on dilution. Similar dyestuffs are 
Era Blacks J and NG (Lev.). 

Literature. —E. P. 8299 of 1889; D. R. P. 
51504; F. P. 198521 ; A. P. 438438. 

Nerol B (A.): 

C 6 Il 5 -NH[-C 6 H 3 -N 2 C 1 oH 8 -N 2 -C 1 oH 4 (SO f H) l 

I l 

so 3 h oh 

p-Aminodiphcnylamine o-sulphonic acid is di¬ 
azotised and combined with a-naphthylaraine, 
and the intermediate product is diazotised and 
combined with /3-naphthol-3 : 6 -disulphonic acid 
(R-salt). Hark violet-blue solution ^ water 
gives a blue precipitate with hydrochloric acid. 
The solution in sulphurio acid is dark blue- 
violet, giving a blue-violet precipitate on dilu¬ 
tion. 
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Literature. —E- P. 24527 of 1897: D. R. P. 
101274; F. P. 271609. 

Nerol 2 B (A.). Prepared as the preceding, 
except that the last component is a-naphthol-4- 
sulphonic acid. ' ' 

Properties and literature as above. 

Diamond Green (By.): 


C b H 8 (OH)-N 2 -0 10 H 6 N 3 -C 10 H 4 (SO 3 H)(OH) 3 


co 2 h 

Prepared by diazotising aminosalicylic acid 
and combining with a-naphthylannne, the 
intermediate product being diazotised and 
combined with 1 : 8 dihydroxynaphthalene-4- 
sulphonic acid. r rho blackish-violet aqueous 
solution gives a dark reddish-violet precipitate 
with hydrochloric acid, and becomes dark blue 
1 with sodium hydroxide. The solution in 
sulphuric acid is bluish-green, becoming greenish- 
blue, and finally giving a blaokish-violet pre¬ 
cipitate on dilution. 

Literature. —E. P. 8299 of 1889 1828 of 
1890; D. R. P. 51504, G2003 ; p. P. 198521 ■ 
A. P. 438438. 

Naphthylamine Black D (0.) (K.) ; Deep 
Black D, eone. (T. M.); Coomassie Wool Black D 
(Lev.); Buffalo Black AD (Sell.) ; Acid Black 
NN (I.); Naphthalene Black R (II.): 

(HS0 3 ) 2 C 10 H B , N 2 , C|olIe'N 2 , C 10 H 8 'NiI 2 
a-Naphtliylaminc-3 : G-disulphonic acid is diazo¬ 
tised and combined with o-naphtliyiamine, 
and the intermediato product diazotised and 
combined with a-naphthylamine. The violet- 
black aqueous solution gives u black precipitate 
with hydrochloric acid. Tho solution in sul¬ 
phuric acid is bluish-black, and on dilution 
becomes green, and iinallv gives a black 
precipitate. 

Literature. —E. P. 18425 of 1888; i>. R I> 
60907; F. P. 170342; A. P. 412440. 

Naphthylamine Black 4 B (0.); Naphthalene 
Black D (H.) is a mixture of Naphtliol blue- 
black and the preceding colouring matter 

Naphthyl Blue Black N (O.); Alpbyl Blue 
Black O (M.). 4 :7-DisuIphonaphtlialencazo- 
a-naphthylamine is diazotised and combined 
with aminonaphthol ethyl ether. Tho dark- 
violet aqueous solution turns biuo and gives a 
blackish-blue precipitate with hydrochloric 
acid, and becomes blue and precipitates witii 
sodium hydroxide. The solution in sulphuric 
acid is dark blue, which on dilution becomes 
blue, and finally bluish-violet. 

Literature. —(them. Ind. 1896, 19, 548 
( P j Anthraclt ® Black 8 (° ): Phenylene Black 

(HSO,)jC 1 oH s 'N 2 'C, 0 H, , N,-G,H 3 (NH'O t H 5 )j 

o-Naphthylamine-3 : 6 (4 : 7-in tho case of tho 
latter dye) -disulphonic acid is diazotised and 
combined with u naphthylamine, and the pro- 
duot diazotised and combined with diphenyf m- 
phenylenediamine. The dull-violet aqueous 
solution gives a violet precipitate with hydro- 
chloric acid. The solution in sulphuric acid 
is black, giving a greenish-black precipitate on 
dilution' 

Literature..— E. P. 4825 and 7977 of 1889 • 

D. R. P. 52616, 61202; P. P. 196793, 197963 | 

A, P. 602912. 


I Naphthol Black B (C.); Brilliant Blame B 
I (B.); Naphthol Black OPAS (Lev.); Buffalo 
Black 2 B (Sch.); Carbon Black B, 3 B (M.) ; 
Wool Black B, SG (D.) ; 

(HSO 3 ) 2 C 10 H s -N ! -C 1 „H,-N 2 -C J0 H 1 (SO J H) J .OH 
6-Naphthylamine-G : 8-disulphonio acid is dia¬ 
zotised and combined with a-naphthylamine, 
and the product diazotised and combined with 
0-naplithol-3 : G-disulphonio acid (R-salt). The 
violet aqueous solution gives with hydrochloric 
acid a reddish-violet and with sodium hydroxide 
a blue precipitate. The solu'ion in sulphuric 
acid is green, becoming bluer on dilution, and 
then giving a reddish-violet precipitate. 

Literature.. —E. P. 9214 of 1885 ; D. R p 
39029; P. I'. 170342; A. P. 345901. 

Naphthol Black 2 B (Lev.) is prepared as 
the preceding, but starting with a-naphthyl- 
amino-3 : 6-disulphonic acid. 
a D N fP htb ° l Black 6 B ( 0 .) (K.); Acid Black 
D, B J V Er ! lllam Black BD (B.); Naphthalene 
Black 5 B (!’.); Naphthol Black (I).) ; Acid 
Black 5 B, BR (T. M.); Wool Black (B. K.); 
Acidol Black (T. M.) is prepared by the action 
of diazotised 4 : 7-disulphonaphthaleneazo-a, 
naphthylamine on )8-naphtholdi8ulphonic acid 
(R-saltj. Aqueous solution dark violet, becom¬ 
ing dark blue with acid or alkali; dissolves in 
sulphuric add wnh a dark-green colour, becoming 
blue on dilution. 

Literature .—E. P. 9214 of 1885; D. R. P 
39029; P. P. 170342; A. P. 345901. 

Sulphone Black G, R (By.): 
U«II t -N 3 i: 10 H s (R0 3 H)-N 2 -C, 0 ir i (OH) 2 -S0 1) H 

Diazotised aniline is combined with a-naphthyl¬ 
amine - 6 - (or 7) - sulphonic acid, tho product 
diazotised and combined with 1 : 8-dihydroxy, 
naphthalene-4-su]phomc acid. The aqueous 
solution is reddish-violet, and that in sulphuric 
acid is greenish-blue. 

Biebrieh Pateat Black B0 (K.): 
(HSO,) 2 C J(l H t -N 2 -Ci 0 H,-N,-C 1 »H,(,SO 3 H) J -OH 


SO.H 


a-Naphtliylanunedisulphonic acid is diazotised 
and combined with a-naphthyiamine-G-{or 7)- 
sulphonic acid, the product diazotised and com¬ 
bined with 0-naphthoI-3 : G-disulphonic acid 
(R-salt). The dark reddish-violet aqueous 
solution is turned slightly blue with hydrochlorio 
acid and pure blue with sodium hydroxide. 
Solution in sulphurio acid is dark greenish-* 
blue, becoming dark violet on dilution. 

Literature.— E. P. 2718 of 1892 ; D. R. P. 
73901, 83572, 84460; F. P. 219424: A. P 
476070, 546068, 646069. 

Biebrieh Patent Black 4 AN (K.): 
HSO 3 -C 10 H,-N 2 -C 1(l H s (SO 3 H)-N i -C 1I1 H,'NH, 
Prepared from diazotised naphthionio acid and 
a-naphthyIamine-6-(or 7)-sulphonio aoid, the 
product being diazotised and combined with 
a-naphthylamine. The violet aqueous solution 
gives a bluish-black precipitate with hydro¬ 
chloric acid, and becomes blue with sodium 
hydroxide. Solution in sulphurio acid is 
bluish-green, giving a bluish-blaok precipitate 
on dilution. Similar dyestuffs bear the brands 
6 AN, 4 BN, and 6 BN. 

References as above. 
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Anthracene Acid Black (various marks) (C.): 


OHU 4 H a 'N a -C 10 H a 'N a -C 10 H 4 (SO 8 H) a -OH 


CO,H S0 3 H 

Aminosalicylic acid is diazotised and combined 
with a-naphthylamine-6-(or 7)-sulphonic acid, 
and the product diazotisod and combined with 
£-naphthol-3 : 6-disulphonic acid (R-salt). The 
violet aqueous solution gives a violet precipitate 
with hydrochloric acid, and becomes bluish- 
violet with sodium hydroxide. Solution in 
sulphuric acid is green, giving a violet precipitate 
on dilution. 

Naphthalene Acid Black 4 B (By.): 


HSO 8 -C 6 H 4 -N 2 *C 10 H 6 (SO 3 H)-N 3 -C 10 H 6 'NH 2 


Metanilic acid is diazotised and combined with 
the same acid as m the preceding, and the 
product diazotised and combined with a-naph- 
thylamino. Aqueous solution is violet, becoming 
blue with hydrochloric acid,, and redder with 
sodium hydroxide. Solution in sulphuric acid 
is blue, becoming violet on dilution. 

Sulphocyanines (various marks) (By.); Tolyl 
Blue GR extra, 5 R extra (M.) ; Coomassie Navy 
Blue (various marks) (Lev.) arc prepared from 
diazotised metamlio acid, which is combined 
with a-naphthylaimnc, the product being 
diazotised and combined with phenyl- or tolyl- 
a-naphthylainmc-8-sulphomc acid. * The violet 
aqueous solution gives a greyish-blue precipitate j 
with hydrochloric acid. Solution in sulphuric 
acid is blue, becoming greener and giving a blue 
precipitate on dilution. Similar dyes arc 
Sulphone Black 3 B, 4 BT (By.) [cf. L>. R. P. 
75571). 

Literature. —I). R. P. 118055. 

Sulphoncyamme Black B, 2 B (By); Tolyl 
Black B, BB (M.). a-Naphthylamine-5-sulpho- 
nic acid is diazotised and combined with a- 
naphthylamine (or with ('leva’s acids), the pro¬ 
duct being' diazotised and combined with 
phenyl-a-naphihylamme-8-sulphonie acid. The 
aqueous solution is violet, and that in sulphuric 
acid dark blue. 

Literalure. —I). R. P. 118055. 

Brilliant Croceine 9 B (0.): 


(HS0 3 ) a C 1 oH 6 -N 8 -C fl H 4 -N a -C 10 H 4 (S0 3 H) 2 -OII 


jB-Naphthylaraine-6 : 8-disulphonic acid Is dia- 
zotised and combined with aniline, the product 
being diazotised and combined with a mixture 
of £-naphthol-3 : 0- and 0 : 8-disulphonic acids. 
*The bluish-red aqueous solution becomes darker 
and bluer with hydrochloric acid, and brownish 
with sodium hydroxide. The solution in 
sulphuric acid is blue, changing to bluish-red on 
dilution. 

Fast Sulphone Black F, FB (K. S.): 
HSO a *Ci 0 H 4 *N a 'C 1() H 8 (SO a H) 2 (OH)‘N 2 'CjoH 6 'OH 
Naphthionic acid is diazotised and combined 
with 1: 8-aminonaphthol-3 : 6-disulphonic acid 
(H-acid), the product diazotised and combined 
with /3-naphtnol. The solution in water is 
greenish-black, and in* sulphuric acid blackish- 
violet. 

Literature. —E. P. 14768 of 1903; D. R. P. 

158134. * 

0. Tetrazo- Colouring Matters. 
Anthracene Yellow C (C.) (By.); Fast 


Mordant Yellow GI (B.); Add Alizarine Yellow 

RC (M.): • 


s ^C 6 H 4 -N a *C 6 H 3 (CO a H)-OH 
& \C 8 H 4 -N a 'C fl H 3 (CO a H)*OH 
Prepared from tetrazotised thioaniline and 
salicylic acid (2 mok). The light yelWwish- 
brown aqueous solution gives a grcenisffbrown 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is dark reddish-violet, giving 
a yellowish-grey precipitate on dilution. 

Milling Red G (O.): 


S 


^C 6 H 4 -N 2 -C 10 H 6 (SO 3 H)-OH 

\C 6 H 4 -N 2 -C 10 H !i (SO 3 li)-OH 


Similarly prepared from tetrazotised thioaniline 
and /3-naphthol-6-sulphonic acid (Schaffer’s). 
The orange-red aqueous solution gives a brown 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is reddish-violet, giving a 
brown precipitate on dilution. 

Cotton Yellow G (B.); Benzo Fast Yellow 
5 GL (By.); Diamine Fast Yellow 3 G (C.): 


•C 6 H 4 -N 3 -C fl H 3 (C0 2 H)-0H 
•C 6 H 4 *N a , C 6 ll 3 (C0 2 H) , 0H 
p-Aminoacetanilide is diazotised and combined 
with salicylic acid. Iho product hydrolyse^ and 
treated with carbonyl chloride. The yellow 
aqueous solution gives a brown precipitate 
with hydrochloric acid, and becomes rather 
more orange with sodium hydroxide. The 
solution in sulphuric acid is orangc-rcd, giving 
a bluish-violet precipitate on dilution. 

Literature. —E. P. 15258 of 1888 ; D. R. P. 
40737, 47902 ; A. P. 430535. 

Benzo Fast Pink 2 BL (By.): 


ou \NH 


Co^'C 6 H 3 (S() 8 II)-N a -G 10 H 4 (SO 3 H)(OII)-NH 2 
uu ^C 6 H 3 (S0 3 II)-N a 'C rj H 4 (S0 3 H)(0H)NH 2 
Prepared from tetrazotised di-p-«minodiphenyl- 
carbamidcdisulphonic acid and 7 - amino- a - 
naphthol-3-sulphonic acid (y-acid; 2 mok) in 
neutral or acid solution. The red aqueous solu¬ 
tion becomes reddish-violet with hydrochloric 
acid and yellower with sodium hydroxide. The 
solution in sulphuric acid i* blue, giving an 
almost black precipitate on dilution. 

Litaature. —E. P. 11706 of 1901; D. R. P. 
129388. 131513; F. P. 311339; A. P. 687171 ; 
Zeitsch. Farben.-Ind. 1902, 1, 192 ; Chera. Zeit. 
1902, 20, 485. 

Milling Red R (D.); 
rH /'C # H 4 N a -C 10 H 4 (SO 3 H) a -OH 
\C # H 4 , N 2 , C 10 H 4 (SO s H) 2 *OH 


Prepared from tetrazotised diaminodiphenyl- 
metnane and /3-naphthol-3 ; 6-disulphonic acid 
(R-salt; 2 mok). The corresponding colour 
from diaminodixylylmethane is Cinnabar Scarlet 
BF (B. K.), and that from diaminodixylylphenyl- 
methane is Cotton Ponceau (B. K.); Cinnabar 
Scarlet G R (B. K.). They are all also used for 
the preparation of lakes. 

Literature. —D. R. P. 43644. 

Bismarck Brown (most firms); Manchester 
Brown ; Phenylene Brown; Vesuvine; Leather 
Brown; Cinnamon Brown; English Brown; 
Brown A (P.): 


(NH a ) 8 C 4 H 8 -N a U 6 H 4 'N a -C.H 3 (NIH) i 
Prepared by adding a solution of 42'5 kilos of 
sodium nitrite and 127*5 kilos of hydrochlorio 
acid to a solution* of m-phenylenediamine 
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prepared by reducing 250 kilos of ro-dinitro- 
oenzeno. The • commercial product iB the 
hydrochlorido. The aqueous solution gives a 
brown precipitate with sodium 'hydroxide. 
The solution in sulphuric acid is brown, becoming 
red oij dilution. 

Lifajture. —E. P. 3307 of 1803 ; Zeitsch. f. 
Chem. 1807, 3, 278; Bor. 1807, 30, 2111, 2203, 
2899. 

Azo Alizarine Bordeaux W (1). H.) : 

CO 8 H-C # H 3 (OH)-N 2 U fl TT 4 -N 2 -C l0 H r) (SO 8 H)-OIl 

p-Aminoacctanilule is diazotised and combined 
with salicylic acid, the product hydrolysed 
and diazotised and combined with a-naphthol- 
4-sulphonic acid. The aqueous solution is red, 
and that in sulphuric acid is blue. 

Literature. —E. P. 1033 of 1809; I). R. I\ 
appl. J). 0200 ; F. P. 284775 ; A. P. 031080. 

Azo Alizarine Black I (D. If.). Prepared as 
the preceding, except that the end-component 
is 1 : 8-dihydroxynaplithalenc-3 : (>-di-(or 4- 

mono)-sulphonic acid. The aqueous solution ib 
violet, and that in sulphuric acid blue. 

Literature. —E. P. 1033 of 1800 ; J). R. P. 
appl. D. 0200; F. P. 284775; A. P. 640010, 

«OQ7£»l 

Violet Black (H.): 

NH J ’0 1 „ir t -N 2 -C J H ) -N 2 -r 1 „H ! ,(.SO 3 H)'OH 
p-Aminoacetamlide is diazotised and combined 
with 1 mol. of a-naphthol-4-sulphomc acid. 
The acetyl- group is then removed by heating 
with alkali, and the amino- compound is diazo¬ 
tised and combined with 1 mol. of a-naphthyl- 
amine. Aqueous solution brownish-red, giving 
violet precipitate with mineral acids and 
reddish-violet colouration with acetic acid or 
with sodium hydroxide; blue solution in sul¬ 
phuric acid giving violet precipitate on dilution. 

Literature, .—1). R. P. 42814. 

Ingrain Black C (H.): 

H S 0 3 ‘ C U 2 )* N 2 C 8 II 4 ‘ C 10 II 4 (80 s TI )(OH )* Nil 2 

p-Aminoacefcanihdc is diazotised and combined 
with a-naphthylaniinc-G-(or 7)-sulphonic acid 
(Cleve’s acid), the product hydrolysed, diazo¬ 
tised, and combined with 1 mol. of 7-amino-a- 
naphthol-3-sulphonic acid (y-acid). 

Acid Alizarine Black SE (M.); Palatine 
Cfflome Black F (B.): 

HSO 3 -C 8 H 2 (OH)(N 2 C 10 H 6 -OII) 2 
Prepared from tetrazotised 2 : 6-diaminophenol- 
4-sulphonic acid and /3-naphlhol (2 mols.). 
Dark-blue aqueous solution gives a red pre¬ 
cipitate with hydrochloric acid and a greenish- 
blue precipitate with sodium hydroxide. The 
solution in sulphuric acid is violet, giving a 
red precipitate on dilution. 

Literature. —E. P. 18024 of 1900, 10811 and 
2397 of 1901 ; D. R. P. 147880, 150373; F. P. 
304694, 308588, 310597, 313071 ; A. P. 065006, 
677231. 

Add Alizarine Black SN iM.); Palatine 
Chrome Black S (B.). Similar to the above, 
except that 1 mol. of /9-naphthol and 1 mol. of 
^-naphthol-6-sulphonic acid are used as com¬ 
ponents. The blue aqueous solution gives a 
red prdfcipitate with hydrocldoric acid, and 
becomes violet with sodium hydroxide. The 
solution in sulphuric acid is violet, giving a 
reddish-brown precipitation dilution. 


Literature.— E. P. 2397 and 16811 of 1901; 
D. R. P. 148212, 150373 ; F. P. 308000, 310597, 
313071 ; A. P. 680283, 677227. 

Manchester Brown EE (0.)(Lev.); Bismarck 
Brown R (I.) (By.) (0.) (H.) (Central Dyestuff 
and Chemical Co.) (Ault and Wiborg Co.), &c.; 
Bismarck Brown 2 R, cone. (T. M.); Bismarck 
Brown T (I). H.)Vesuvine B (B.); Brown N 
(P.); Buffalo Brown 53 (Sch.): 

(NH 2 ) 2 C 7 H 6 -N 2 -C 7 H 6 -N 8 -C 7 H 6 (NH a ) a 
Prepared in the same manner as Bismarck 
brown, but w-tolylenediamino is used instead 
of m-phenylenediarnine. The reddish-brown 
aqueous solution becomes yellowish-brown with 
hydrochloric acid, and gives a light-brown 
precipitate with sodium hydroxide. The solu¬ 
tion in sulphuric acid is dark brown, becoming 
first red and then brown on dilution. 

Literature. —(Iriess, Ber. 1878, 11, 027. 

Toluylene Brown G (O.) (By.): 

HS0 3 'C,h;<^»>C.H 2 (NH 2 ), 

Prepared by the action of tetrazotised tolylene- 
diammesulphonic acid (CH 3 • N1I 2 : 80 S H : NH a 
= 1 : 2 : 4 : 6) on 1 mol. of m-phenylenediamine. 
Solution in water is brown, and in sulphuric 
acid brownish-red. 

Literature —E. 1\ 17546 of 1802; D. R. P. 
05853; A. P. 510380. 

Toluylene Yellow (O.). Prepared from the 
same tetrazo-compound as the preceding, and 
2 mols. of 0-nitro-?/i-pheny]enedhimine in hy¬ 
drochloric acid solution The yellowish-brown 
aqueous solution gives brown precipitates with 
hydrochloric acid and sodium hydroxide. 
The solution in sulphuric acid is brown. 

Literature. —E. P. 1331 of 1806; D. R. P. 
86040 ; A. P. 508540. 

Toluylene Orange RR (O.). Prepared from 
the same tetrazo-compound as before, and 
2 mols. of jS-naphthylannne. The yellowish- 
red aqueous solution gives a brownish-red 
precipitate with hydrochloric acid, and a 
yellowish-red precipitate with sodium hydroxide. 
The solution in sulphuric acid is bluish-grey. 

Literature. —K. P. 17540 of 1892; D. R. P. 
70147 ; A. P. 407032. 

Diamine Gold YeUow (C.): 

CaHs-O^H.-Ng-CioH^SOaHjg-Na-CeH*^^^ 
Prepared from tetrazotised 1 : 5-naphthylene- 
diamine-3:7-disulphonic acid and phenol (2 
mok), the product then being ethylated. Thc^ 
yellow aqueous solution gives a brownish- 
yellow precipitate with hydrochloric acid and 
a yellow precipitate with sodium hydroxide. 
The solution in sulphuric acid is reddish-Violet, 
becoming green ana then yellow on dilution. 

Literature. —E. P. 15340 of 1800; D. R. P. 
61174 ; F. P. 182003, 208526; A. P. 472121, 

Naphthylene Violet (C.): 

NH a -G 10 H 6 -N 2 *C 1 oH 4 (SO # H) 2 -N 2 -C 10 H # -NH # 
Prepared from the preceding tetrazo- compound 
and a-naphthylamine (2 mols.). The Boraeaux- 
red aqueous solution gi^es a blue precipitate 
with hydrochloric acid, and a red precipitate 
with sodyim hydroxide. The solution in 
sulphuric acid is blue, and gives a violet pre¬ 
cipitate on dilution. The colouring matter is 
usually diazotised and developed on the fibre 
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or treated on the fibre with nitrous acid, the 
latter colour being known as Diamine Cutch, 
which is a fast brown shade. 

Literature.— E. P. 15348 and 15347 of 1890; 
D. R. P. 62075; F. P. 208528, 208570; A. P. 
464500. 

Coomassie Navy Blue (Lev.): 

(HSO 3 ) 2 C J0 H 1 (OH)'lt z , C 10 H 6 (SO 3 H)’N 2 'C ]0 H 8 , OH 
Prepared by diazotising 1 ; 4-naphthylene- 
diamine-2-sulphonic acid {only one amino- 
group can be diazotised), combining with fl- 
naphthol-3 : 0-disulphonic acid, diazotising the 
product {the second amino- group can now bo 
diazotised), and combining with 3-naphthol. 
Dark-blue aqueous solution becomes violet with 
sodium hydroxide. Solution in sulphuric acid 
is blue-green, becoming dark blue on dilution. 

Literature. — E. P. 2946 of 1896; i 1. It. P. 
102100; F. P. 256862 ; A. P. 019194, U34009, 
639748. 

Diphenyl Fast Black 1 ((!.) : 


Literature. —E. P. 17957 of 1889; D. R. P. 
52328 ; F. P. 160722. 3 

Pyramidol Brown BG (Farbwerk Ammere* 

foort): * 

C„H 1 -N 3 'C 3 H 3 (OH), 
Jj t H t -N ! -C e H 3 (OH) 3 J 

Prepared from tetrazotised benzidine and 
resorcinol (2 mols.). The orange-brown aqueous 
solution gives a brown precipitate with hydro¬ 
chloric acid, and becomes Bordeaux-red with 
sodium hydroxide. The solution in sulphuric 
acid is reddish-violet, giving a brown precipitate 
on dilution. Cotton dyed red with this colouring 
matter is converted into a deep brown when 
treated with a diazo- compound on the fibre. 

Chrysamine G (By.) (A.) (Lev.) (If.)*(L.) 
(T. M.) (K. S.) (Barking Chemicals Co.) (Marden, 
Orth, and Hastings Corporation) (Calco Chemical 
Co.); Azidine Yellow G (C. J.); Direct Yellow CG 
(Sell.): 


nh ^C : H b -N 2 O 10 H 4 (OH)(NH 2 )-SO 8 H 
JNn \C : H (i N 2 C : H B (NH 2 ) 2 
Prepared from tetrazotised p-diaminoditolyl- 
amine and 1 mol. of 7-amino-a-naphthol-3- 
sulphonic acid (y-acid) and 1 mol. of m-tolvlene- 
diarnine. The violet-black aqueous solution 
gives with hydrochloric acid a bluish-black 
precipitate, and with sodium hydroxide a black 
precipitate. Tiie solution in sulphuric acid is ! 
dark blue, and gives a black precipitate on ' 
dilution. 

Literature. —E. P. 10582 of 1896; F. P. 
258521 ; A. P. 575904. 

Dianthine (Claus & Co.); St. Denis Red (P.); | 
Rosophenlne 4 B (Cl. Co.); Rosanol 4 B (K.); 
Cotton Red S (B.): 

/ ^C 7 H (j -N 2 C 10 H b (S0 3 H)-OH 

O '\i-C.Hj'Nj'C 10 H ! ,(S() 3 H)'OH 
Prepared from tetrazotised diaminoazoxytoluene 
and a-naphthol-4-sulphonic acid (2 mols.) 
The red aqueous solution gives red precipitates 
with hydrochloric acid and sodium hydroxide. 
The solution in sulphuric acid is red, and gives 
a red precipitate on dilution. 

Literature. —E. P. 9315 and 11976 of 1887, 
5736 of 1890, 19891 of 1892 ; I). R. P. 44045, 
44654; F.jP. 184549; Compt.rend. 1901,132,985. 

Congo Orange G (A.) : 

c 6 h 4 -n 2 -c 6 h 4 -o*c 2 h 4 

i 3 H,-N 1 -C l0 H 1 (SO 3 H) 3 -NH 1 
Prepared from tetrazotised benzidine 8 and 1 
mol. of /3-naphthylamine-3 : 6-disulphonic acid, 
and 1 mol. of phenol, the product being ethylated. 
The orange-yellow aqueous solution gives a 
brown precipitate with hydrochloric acid. The 
solution in sulphuric acid is blue, becoming 
reddish-violet on dilution, and finally giving a 
brown precipitate. The corresponding colouring 
matter from tolidine is Congo Orange R (A.). 

* Dlamliw Dmp Black (C.) Is derived from p-dlamlno- 
dlphenylamlne; Pluto Black (By.) also belongs to 
the same class. 

* Benzidine or p-dlaminodiphenyl is prepared by 
reducing nitrobenzene with zinc-dust and alkali to 
hydrazobenzene and converting this by means of acids 
Into benzidine. The homologues of benzidine are pre¬ 
pared in a similar manner. 


C 6 H 4 N 2 C c H 3 (0H)C0 2 H 

C\H 4 N 2 C b H 3 (0H)-C0 2 II 

Prepared by the action of tetrazotised benzidine 
on salicylic acid (2 mols.) in alkaline solution. 
Used for dyeing cotton goods yellow directly 
from a soap-bath. Aqueous solution orange, 
becoming redder on addition of sodium hy¬ 
droxide ; orange flocculent precipitate, with 
dilute sulphuric acid. Soluble in sulphuric acid, 
with a magenta-red colour, becoming orange 
and precipitating on dilution. The homologue 
from tetrazoditolyl is Chrysamine R (By.) (A.) 
(L.) (Lev.) ('J'. M.) (K. S.). 

Literature. —E. P. 9162 and 9606 of 1884; 
D. R. P. 31658 ; A. P. 329638. 

Cresotine Yellow G (M.) (O.) ^ 

C b H 4 -N 3 -C : H b (C0 2 H)-0H 

(!),H 4 "N 3 'C ,H 3 (CO 3 H)OH 
Prepared from tetrazotised benzidine and 
hydroxytoluic acid (OH : CH 3 : C0 2 H = 1 : 
2:6). Yellow aqueous solution gives a 
brownish-yellow precipitate with hydrochloric 
acid and becomes yellowish-red with sodium 
hydroxide. Solution in sulphuric acid is 
reddish-violet, precipitating on dilution. The 
corresponding colouring matter from tolidine 

is Cresotine Yellow R (O.); Azidine Yellow R 

(C. J.). 

Literature. —E. P. 7997 of 1888; A. P. 
394841. 

Brilliant Orange G (A.) (By.): 
C l H 4 -N a -C i H 3 (C0 2 H)OH 

di,H.-N 1 -C,H 1 (SO,H)(OH)-NH, 

Prepared from tetrazotised benzidine and 1 moL 
each of salicylic acid and aminophenolsulphonic 
acid III. Yellowish-brown aqueous solution 
gives a violet-brown precipitate with hydro¬ 
chloric acid. Solution in sulphuric acid is 
reddish-violet. 

Literature. —D. R. P. 78625. 

Orange TA (A.) (By.) (L.): 0 

C.H 4 -N i -C l0 H i (8O l H)-NH l 

A,h,-n 1 o,h j oh 
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Prepared from tetrazotised benzidine and 1 mol. 
each of naphthioftic acid and cresol. Reddish- 
brown aqueous solution gives a violet-blue pre¬ 
cipitate with hydrochloric acid, an'd becomes 
redder with sodium hydroxide. Solution in 
sulphuric acid is blue, giving a blue precipitate 
on dilution. 

Benzo Orange R (By.) (K. S.) (Marden, Orth, 
and Hastings Corporation): 

C 0 H 4 N a -C 6 H 3 (CO 2 H)OH 

d„H t -N a -C 10 H 6 (SO a H)-NH s 
Prepared from tetrazotisod benzidino and 1 mol. 
each of salicylic acid and naphthionic acid. 
The orange-yellow aqueous solution becomes 
reddish-violet with hydrochloric acid, and gives 
a Addish-yellow precipitate with sodium 
hydroxide. Solution in sulphuric acid is 
Violet-blue, giving a greyish-violet precipitate 
on dilution. 

Literature. —E. P. 2213 of 1880; I). R. P. 
44707 ; A. P. 447303. , 

Bordeaux COV (A.); Bordeaux extra (By.); | 
Bordeaux BL extra (T. M.); Azidine Violet R 
(C. J.); New Bordeaux L (B.): 

. C 6 H 4 -N a *C 10 H 6 (SO 3 H)-OH 

(! I H,-N ! -C fll H J (SO a H)OH 
Prepared from tetrazotised benzidine and 0- 
napnthol- 8 -sulphome acid (2 niols.). Bordeaux- 
red solution in ■water, and violet in sulphuric 
acid. 

Literature. —E. P. 8495 of 1884; 1). It. P. 
30077. 

Diamine Fast Red F (0.); Dianoi Fast 
Red F (Lev.) ; Azidine Fast Red F (('. ,1.); 
Oxamine Fast Red F (B.); Naphthamine Red 
H (K.) ; Dlanlt Fast Red PH (M.) ; Benzo Fast 
Red FC (By.); Columbia Fast Red F (A.); 
Triazol Fast Red C (O.); Diphenyl Fast Red 
(U.); Hessian Fast Red F (L.); Benzamine 
Fast Red F (D.); Direct Fast Red F (Srh.) (I.) ; 

C s H 1 -N t -C 1 ( 1 H 1 (SO a H)(OH)-:NH s 

di t H 1 'Nj'O t H a (COjH)'OH 
Prepared from tetrazotised benzidine and 1 mol. 
of 7-amino-a-naphthol-3-sulphomo acid ( 7 -acid) 
oomblned in aciu solution, and 1 mol. of salicylic 
acid. Red aqueous solution gives a brown 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is reddish-blue, and gives a 
brown precipitate on dilution. 

Literature .—E. P. 1G699 of 1889; D. R. P. 
57857 ; F. P. 201770. 

Crumpsall Direct Fast Red R (Lev.): 

C 6 H 4 N a , C,oH 4 (S0 3 H) a , OH 

C,H 1 N a C 6 H,(CO i H)OH 
Prepared from tetrazotised benzidine and 1 mol. 
each of /3-naphthol-3 ; 6 -disuiphonic acid (R-salt) 
and salicylio acid. 

Literature. —E. P. 2213 of 1888; D. R. P. 
44797; A. P. 447303. 

Diamine Brown M (C.); Chlorazol Brown M 
(H.) ;-Renol Brown MB, cone. (T. M.) ; Azidine 
Brown M (C. J.); Naphthamine Brown H (K.) ; 
Crumpsall DIreot Fast Brown B (Lev.); Dianil 
Brown MH (M.); Benzamine Brown M (D.); 
Dlreei Dark Brown M (I»); Direct Brown M 


(I.); Direct Brown 3 RB, (Sch.); Oxamine 
Brown R (B.): 

C,H,-N,-C a H,(CO,H)-OH 

i 8 H 1 'N J -C, 0 H,(S0 3 H)(OH>-NH ! 
Prepared from tetrazotisod benzidine and 1 mol. 
each of salicylic acid and 7-amino-a-naphthol-3- 
suiphonic acid ( 7 -acid); the latter being 
combined in alkaline solution. The reddish- 
brown aqueous solution gives a brown precipitate 
with hydrochloric acid and a reddish-brown 
precipitate with sodium hydroxide. The solu¬ 
tion m sulphuric acid is violet, changing tc 
brown on dilution. 

Literature. —D. R. P. 57857; F. P. 201770. 

Diphenyl Brown BN (G.): 

C 0 H 4 -N a *C e H 8 (CO a H)'OII 


CeH 4 -N 2 -0 J 0 H 4 (SO 3 H)(OH)*N(CII 3 ) a 
Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic geid and 7-dimethylamino-a- 
naphthol-3-sulphomc acid. [The corresponding 
colouring matter from the monomethylamino- 
eompound is Diphenyl Brown RN (G.).] Tho 
dark-brown solution gives a red precipitate with 
hydrochloric acid. The solution in sulphuric 
acid is bluish-violet, giving a red precipitate 
on dilution. When tolidine is used instead of 
benzidine, Diphenyl Brown 3 GN (G.) is obtained. 

Literature. —E. P. 2771 of 1890; 1). R. P. 
103149 ; F. P. 250697 ; A. P. 607413. 

Diamine Brown B (C.); Crumpsall Brown M 
(Lev.): 

C 6 H 4 -N a -C fl II 3 (CO a II)*OH 

<VVN,^.H 4 (SO,H)(OH)-NH-C,II, 
Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic acid and 7-phe*ylamino-a- 
naphthol-3-sulphonic acid. The dark-brown 
aqueous solution gives a Bordeaux-red pre¬ 
cipitate with hydrochloric acid, and becomes 
redder with sodium hydroxide. The solution 
in sulphuric acid is violet, giving a brown pre¬ 
cipitate on dilution. 

Oxamine Maroon (B.): 

C 6 H 4 -N a -C e H 3 (CO a H)OH 


C a H 4 -N a -C 10 H 1 (SO > H)(OH)'NH a 
Prepared by combining tetrazotised benzidine 
with 1 mol. of 5-amino-a-naphthol-3-sulphonic 
acid in alkaline solution, and adding 1 mol. of 
salicylic acid to the product. The ruby-red 
aqueous solution does not change with acids or* 
alkalis. The solution in sulphuric acid is dark 
violet, changing to wine-red on dilution. 

Literature. —E. P. 2370 of 1893; D. R. P. 
82572 ; F. P. 229203 ; A. P. 558344. 

Oxamine Red (B.). Isomeric with the pre¬ 
ceding. 6-Amino-a-naphthol-3-sulphonic acid 
is used instead of the 6 -amino- acid. The red 
aqueous solution is not changed by hydrochloric 
acid, but becomes slightly more violet with 
sodium hydroxide. The Solution in sulphuric 
acid is blue, changing to wine-red on dilution. 

Literature. —E. P. 26M of 1893 ; 1). II. 1\ 
93270 ; F. P. 227892 ; A. P. 555359. 

Wool l^ed G (B.): 

C 8 H 4 N a C 4 H 8 (S0 8 H)0H 


C t jH 4 , N a *C 10 H 4 (SO 8 H)(OIl) , NH| 
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Prepared from tetrazotised benzidine and 1 mol. 
each of phenol-o-sulphonic acid and 7-amino-a- 
naphthol-3-sulphonic acid ( 7 -acid), the latter 
being combined in acid solution. The red 
aqueous solution gives a brown precipitate with 
hydrochloric acid, and becomes dark-red with 
sodium hydroxide. Solution in sulphuric acid 
is violet, giving a brown precipitate on dilution. 

Literature. —I). R. P. appl. B. 29649 of 1901; 
F. P. 313633. 

Diamine Scarlet B (C.) ; Dianil Ponceau G 
(M.) >: 

C 4 H 4 N a C a H 4 0*C a H 6 

(l,H t -N 1 'C 10 H 1 (SO,H),-NH, 
Tetrazotisod benzidine is combinod first with 1 
mol. of 0 -naphthylamine-B: 8 -disulphonic acid, 
then with 1 mol. of phenol and the product is 
ethylated. The red aqueous solution becomes 
brownish-red with hydrochloric acid. The 
solution in sulphuric acid is violet, becoming 
brown on dilution. 

Literature. —E. P. 12560 of 1889; D. R. P. 
54084 ; F. P. 200152 ; A. p. 426345. 

Pyramine Orange 2 R (B.): 

C 6 H 4 N 2 -C 10 H 4 (S0 3 H) 2 -NH a 

i,H 1 -N I -C.H I (NH,) J -NO, 

Prepared from tetrazotised benzidine and 1 mol. 
each of /J-naphthylamine-3: disulphonic acid 
and p-nitro-m-phenylenediamine. The yellow 
aqueous solution is not changed by acids or 
alkalis. The solution in sulphuric acid is blue, 
becoming yellowish-red on dilution. 

Literature. —E. P. 6827 of 1899; I). R. P. 
107731 ; F. P. 280914 ; A. P. 631611. 

Pyramine Orange 3 G (B.). 

6.h 1 n,c 6 h ! (nh,),-no i 

A,H i -N,-C,H(SO,H),(NH i ), 

Prepared from tetrazotised benzidine and 1 mol. 
each of wi-phenylenediamine-4 : 6 -disulphonie 
acid and p-nitro-m-phenylenediamine. The 
ellowish-red aqueous solution is not changed 
y aoids or alkalis. The solution in sulphuric 
acid is yellowish-red, becoming brownish- 
yellow on dilution. 

Literature. —E. P. 18506 of 1898; D. R. P. 
105349; F. P. 280914; A. P. 631610. 

Congo Red (Lev.) (A.) (By.) (L.) (K. S.) 
(B. K.) (Sch.) (Marden, Orth, and Hastings Cor¬ 
poration); Congo Red R (H.); Cosmos Red 
(B.); Cotton Red cone. (T. M.); Cotton Red C 
(I.) (P.); Cotton Red B (K.); Dianil Red R 
(M.); Cotton Red 4 B (O.) ; Direct Red C (Farb 
werk Ammersfoort): 

C 4 H 4 N,C 10 H 5 (SO 4 H)NH a 

i,H 4 'N 1 ’C, 0 H J (SO,H)NH t 
Prepared by the action of tetrazotiwd benzidine 
on naphthionic acid (2 mole.). It can &1bo be 
obtained by oxidising benzeneazonaphthionic 
aoid with manganese dioxide in sulphuric acid 
solution (E. P. 6697 ot 1896; D. E. P. 84893; 
■F. P. 248210). The red aqneous solution 
becomes blue on addition of dilute acids; 
substance dissolves in sulphurio acid with a 

_ 1 DttnhM lesrM 1 8 (C.); Olanll Psnnau ! R (M.) 
Moms to the same group, but Is bluer. 

Von. I.— T. 


' slaty blue, giving a bluish precipitate on dilu¬ 
tion. 

Literature.—TL. P. 4418 of 1884 ; D, S. P. 
28753 i F. P. 160722 ; Ber. 1886, 19, 1719. 

Diazo Black B (By.). Isomeric with the 
preceding. Prepared from tetrazotiqge benzi¬ 
dine and a-naphthyIamine-5-sulphonic acid 
(L-aeid; 2 mols'.). The vi.jlot aqueous solution 
becomes blue with hydrochloric acid, and gives 
a blue precipitate with sodium hydroxide. 
The solution in sulphuric acid is blue, remaining 
blue on dilution. The colouring matter is 
generally diazotised and developed on the fibre. 

Congo Rubine (A.) (Lev.) (By.) (L.) (B. K .); 
Azldine Bordeaux (0. J.) ; Congo Rubins A 
(K. S.); Congo Rubine B (K.); Cotton Rubine 
(B.) : Renol Rubine, extra (T. M.) : Blrect 
Crimson B (Sch ): 

C,H ) -N ! -C, 0 H 5 (SO 3 H)-NH, * 

A 4 H 4 -N,-(1 I4 H 4 <80,H)-0H 
Prepared from tetrazotised bonzidine and 1 mol. 
each of jS-naphthol- 8 -sulphonic acid and naph- 
! thionic acid. The cherry-red aqueous solution 
j gives a bluo precipitate with hydrochloric acid 
i and a violet-red one with sodium hydrbxide. 

| The solution in sulphuric acid is blue, giving a 
i blue precipitate on dilution. 

I Literature. —D. R. P. 62659. 

Congo Corinth (A) (By.) (L.) (Lov.) (K. S.) 
(B. K.); Cotton Corinth G (B.; (O.); Dianil 
Bordeaux G (M.) ; Renol Corinth G -<T. M.); 

; Buffalo Garnet R (Sch.): 

C 8 H 4 N 3 -0 10 H e (SO 8 H)-OH 

i,H 1 -N 2 -C, 0 H 5 (SO 8 H)-NH, 

Prepared from tetrazotised benzidine, a-naph- 
thylamine-4-sulphonic acid and a-naphthol-4- 
sulphonic acid. Aqueous solution red; violet 
precipitate with liydrochloric acid and colouration 
witli acetic acid. Solution in sulphuric acid 
blue, giving violet precipitates dilution. 

Literature. —E. P. 15296 of 1885, 2213 of 
1886; D. R. P. 39096; F. P. 160722, 163172; 

A. P. 344971, 358865. 

Brilliant Congo G (A.) (L.): 

C 4 H 4 N 8 -C 10 H 4 (SO,H) a NH > 

i,H 1 -N I -C 10 H t (SO s H)-NH, 

From tetrazotised benzidine, 0-naphthyiamine- 
3 : 6 -disulphonic acid and 0 -najfhthylamine- 6 - 
sulphonic acid (Brunner's). Aqueous solution 
gives a brownish-violet precipitate with hydro¬ 
chloric acid. Solution in sulphurio acid blue, 
giving violet precipitate on dilution. 

Literature. —E. P. 6687 of 1887 ; D. R. P. 
41095 ; F. P. 160722. 

Heliotrope 2 B (A.) (By.) (L.): 

C fl H 4 -N a -C 10 H 6 (SO # H)-OH 

O t H 4 'N,C 10 H 1 (SO,H),'OH 
Prepared from tetrazotised benzidine and 1 moL 
each of a-naphthol-4 : 8- (or 3 : 8-) disulphonio , 
acid and /3-naphthol-8-sulphonio acid, Reddiah- 
violet aqueous solution gives & bluish-violet 
precipitate with hydrochlorio aoid, and becomes 
rodder with Bodium hydroxide. Solution in 
sulphurio acid is blu^, becoming reddish-violet 
I on dilution, and finally giving a violet precipitate. 
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Literature. —E.„P. 1346 of 1888; D. R. P. 

46342. 


Trisulphone Violet B (K. S.); Trlsulphone 
Blue R (K. S.); Trisulphone Blue B (K. S.) : 

* O t H 4 -N 1 *C„H i (SO i H) I -OH 

fc e H 4 -N a -C 10 H e OH 

The first-named (for which the formula is given) 
is prepared from • tetrazotised benzidine and 
1 mol. each of a-naphthol-3 : 6 : 8-trisulphonic 
acid and /3-naphthol. The second and last 
colouring matters are prepared from tetrazotised 
tolidine and diamsidine respectively instead of 
benzidine. The solutions in water are violet 
to blue, and give bluish-violet to blue precipi¬ 
tates^ with hydrochloric acid. With sodium 
hydroxide the aqueous solutions become reddish- 
violet. The solutions in sulphuric acid are 
greenish-blue, giving violet precipitates on 
dilution. 

Literature. —E. P. 4703 of 1807; F. P. 
264279; A. P.584081. 

Chicago Blue 4 R (A.) ; Benzo Blue 4R (By.) ; 
Diamine Blue C 4 R (C.) : 

C # H 4 -N l <5 10 H 4 (OH)-8O t H 

C 4 H 4 'N s 'C t oH 4 (OH)(NH 2 )S0 8 H 
Prepared from benzidine, and 1 mol. oach of 
1 : 8 aminonaphthol - 4 - sulphonic acid and 
/3-naphthol-8-sulphonic acid. Violet-blue aque¬ 
ous solution becomes blue with hydrochloric 
acid, and reddish-violet with sodium hydroxide. 
Solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Columbia Blue R (A.); Benzo Red Blue R 
(By.); Diamine Blue LR (0.). a-Naphthol- 
3:8-disulphonic acid is used instead of /3- 
naphthol-B-sulphonic acid in the preceding dye. 
The blue aqueous solution gives a blue precipi¬ 
tate with hydrochloric acid, and is unchanged by 
sodium hydroxide. Solution in sulphurio acid 
is blue, giving a violet precipitate on dilution. 

Diamine Violet N (C.); Chlorazol Violet B 
(H.) ; DIanol Violet N (Lev.); Azidine Violet DV 
(C. J.); Naphthamine Violet N (K.); Dianil 
Violet H (M.); Direct Violet R (Sch.); Benzo 
Fast Violet NC (By.): 

C fl H 4 -N J -C 10 H 4 (SO 8 H)(OH)‘NH 2 

C fl H 4 -N a *C 10 H 4 (SO 8 H)(OH)-NH 2 
Prepared by the action of tetrazotised benzidine 
on 2 mols. of 7-amino-a-naphthol-3-sulphonic 
acid (y-acid) in acid solution. The reddish- 
violet aqueous solution gives a violet-black 
precipitate with hydrochlorio aoid. The solution 
in sulphuric acid is’ greenish-blue, giving a 
reddish-violet precipitate on dilution. 

Literature. —E. P. 16699 of 1889; D. R. P. 
56648 ; F. P. 201770. 

Diamine Black RO (0.); Naphthamine Black 
BVE (K.); DIanol Black RO (Lev.); Oxamine 
Black 2 R (B.); Melantherine RO (I.). Isomeric 
with the preceding. The combination is effected 
kx alkaline solution whereby the azo- group 
enters the 2- position with respect to the hydroxy- 
group, ^hereas in the preceding case the azo¬ 
group enters the 8- position (ortho to the 
amino- group). The violet-blaok aqueous solu¬ 
tion gives a blue precipitate with hydrochloric 
»oid* and becomes violet with sodium hydroxide. 


The solution in sulphurio acid is blue, giving 
a reddish-blue precipitate on dilution. 

Literature. —As above. 

Naphthamine Black RE (K.) : 
C # H 4 *N 2 -C 10 H 4 (SO 8 E)(OH)NH 1 

C a H 4 -N 2 ‘C a0 H 4 (SO 8 H)(OH)-NH a 

Propared from tetrazotised benzidine and 2 
mols. of 1: 8-aminonaphthol-6-sulphonic acid. 

Literature.— E. P. 515 of 1894; D. R. P. 
appl. K. 11223 ; A. P. 563380. 

Benzo Violet R (By.) : 

O b H 4 -N 3 'C 10 H 6 (SO 8 H)-OH 

C*H 4 *N 4 *C, 0 H 4 (S0 8 H) 2 *0 II 

Prepared from totrazotised benzidine and 1 mol. 
each of a-naphthol-4-sulphonic acid and a-naph¬ 
thol-3 : 6-disulphonic acid. The reddish-violet 
aqueous solution gives a soluble violet precipi¬ 
tate with hydrochloric acid, and becomes rod 
with sodium hydroxide. The solution in 
sulphuric acid is violet, giving a violet precipitate 
on dilution. 

Naphthylamine Diazo Black (K.): 
C 6 H 4 -N 2 -C 10 II 4 (SO 8 H)(OH)'NH 2 

C$H 4 *N 2 *C, 0 H 8 ( SO 8 H) 2 (() H) NH a 

Prepared from tetrazotised and benzidine 1 mol. 
j each of 8-amino-a-naphthol-3 : 5-disulphonic 
acid (K- acid), and 7-aniino-a-naphthof-3-sul- 
phonic acid (y-acid). 

Literature. —E. P. 515 of 1894; 1). R. P. 
99164 ; A. P. 563386. 

Diamine Brown V (C.) : 

C (i IL 4 -N 2 -C 10 H 4 (SO 8 H)(OH)-NIf 2 

C s H < -N ! 'C c H,(NH ! ) > 

Prepared from tetrazotised benzidine and I mol. 
each of 7-amino-a-naphthol-3-sulphonic acid 
( 7 -acid) and wt-phenylenediamine. Brown-red 
aqueous solution gives a cboeolate-brown pre¬ 
cipitate with hydrochloric acid, and purpnsh- 
brown precipitate with sodium hydroxide. 
Solution in sulphuric acid is bluish-violet, 
giving a purplish-brown precipitate on dilution. 

Literature.—R. P. 16U99 of 1889; D. E. P. 
57857 ; P. P. 201770. 

Dianil Garnet B (M.)j Benzo Fast Red 

» BL (By.): 

C 6 H.-N,-C It H,(SO ! H)(OH)-NH, 

d),H t -N,C l0 H 4 (SO,H) J -NH t 
Prepared from tetrazotised benzidine and 1 mol. 
each of y- acid and B-naphthylamine-3: 8-disul- 
phonio acid. Bordeaux-red aqueous solution 
gives a blackish-blue precipitate with hydro¬ 
chloric acid. Solution in sulphuric acid is blue. 
Literature.— D. E. P. 190694. 

Zambesi Brown G, 2 G (A.): 
C ( H,-N,-C 10 H 1 (NH J ) 1 SO,H 

<i,H.-N 1 'C 10 H < (SOiH)(OH)-NH, 

Prepared from tetrazotised benzidine and 1 mol. 
each of y- acid and 2:7-naphthylenediamine- 
sulphonio aoid. Cotton is dyed Corinth brown 
(G) or violet (2 G). 

Literature.—D. R. P. appl. A. 3775. 
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Diamine Black BH (C.); Dlanol Blue BH 
(Lev.); Dlazo Black BHN (By.); Renolamine 
Black BH (T. M.), Azidlne Black BHN (C. J.) ; 
Ingrain Black 2 B (H.); Naphthamlne Black CE 
(K.); Dlanll Black-ES (M.) ; Melantherlne BH 
(I.); Direct Black HB (L.); Diazine Black 
BH extra (Sch.) ; Oxamine Black BHN (B.) ; 
Direct Black BD (P.): 

C,H,-N 1 -C„H 1 (SO,H)(OH)-NH, 

C«H 4 ‘N, - Cj 0 H,(S0 1 H),(OH) - NH s 


Prepared from tetrazotised bonzidino and 1 mol. 
oach of 7-aniino-a-naphthol-3-sulphonic acid 
and H-amino-a-naplithol-.'i: O-disulphonic acid 
(H-acid). Xlio reddish-blue aqueous solution 
becomes violet with hydrochloric acid and 
reddish.violet with sodium hydroxide. The 
solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Literature.— E. P. 1742 and 6972 of 1891; 
D. R. P. 68462; F. P. 233032. 

Benzo Cyanine R (By.); Diamine Cyanine R 
(C.); Congo Cyanine R (A.). Prepared as the 
precoding, excopt that 1 : 8-aminonaphthol-4- 
sulphonio acid is used instead of y-acid. The 
solution in water or sulphuric acid is bluo. 
The corresponding B marks are prepared from 
tolidine, and tho 3 B from dipnisidme. 

Literature. —Q. It. P. oppl. F. 5667; A. P. 
533508, 578432. 

Oxamine Violet (H.); Chlorazol Violet R (H.); 
Naphthamine Violet BE (K.); Dianil Violet BE 
(M.); Oxydiamlne Violet BF (0,); Benzo VioletO 
(By.); Direct Violet 0 (I.) : 

C,H 1 -N j -C 10 H,(S0 3 H)(OH)-NH 1 


«.H 4 -N i -C, 0 H,(SO 1 H)(OH)-NH, 

Prepared from tetrazotised benzidine and 6- 
amino-o-naphllioi-3'Sulphomc aeid (2 mok). 
The combination is effected in alkaline solution. 
The reddish-violet aqueous solution gives a 
violet precipitate with acids or alkalis. The 
solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Literature .—E. P. 2614 of 1893 ; 1). R. P. 
75469 ; F. P. 227892 ; A. P. 621090. 

Diamine Blue BB (0.) (Central Dyestuff and 
Chemioal Co.) ; Benzo Blue BB (By.) (Lev.) ; 
Congo Blue 2 BX (A.); Direct Bluo V (P.) ; 
Azidlne Blue 2 B (C. J.) ; Chlorazol Blue RB 
(H.); Naphthamlne Blue 2 BX (K.); Dlanil 
Blue HZG (M.); Benzamlne Blue 2 B (D.); 
Niagara Blue 2 B (Sch.) : 


C,H 4 -N 4 C 10 H,(SO,H) t (OH)-NH 4 

i,H,-N,C 1(l H s (S0 1 H) g (OH)'NH a 
Prepared by combining tetrazotised benzidine 
in alkaline solution with 8-amino-a-naphthol- 
3 rtJ-disulphonic acid (H-acid; 2 mok). The 
reddish-blue aqueous solution is unchanged by 
acids or alkalis. The solution in sulphuric acid 
is blue, becoming violet on dilution. 

Literature. —E. P. 13443 of 1890, 1742 of 
1891; D. R. P. 74563; F. P. 210033; A. P. 
464135, 

Diphenyl Blue Black (G.j: 

C 4 H 4 -N,-C, l) H 1 (SO,H) 4 (OH)’NH 4 

C,H 4 -N,C X0 H 4 (8O,H)(OH)-NH-C 1 H, 


Prepared from tetrazotised benzidine and 1 mol. 
each of H-acid and 7-ethylamino-a-naphthol-3- 
sulphonio acid. The dark-blue aqueous solution 
gives a violet precipitate with hyaroohlorio acid, 
and becomes dark violet with sodium hydroxide. 
The solution in sulphuric acid is blug,'giving a 
dark violet precipitate on dilution. 

Literature.— E. P. 2771 of 1890; D. R. P. 
103149 ; F. P. 250097 ; A. P. 550104, 507413. 

Naphthamine Blues 2B, 3B, and 5B (K.). 
These are derived from tetrazotised benzidine, 
tolidine, &c., and 8-amino-a-naphthol-3 : 5-disul- 
phonic acid (K-acid). The blue aqueous solution 
gives a blue precipitate with hydrochloric acid, 
and turns reddish-violet with sodium hydroxide. 
The solution in sulphuric acid is bluish-green. 

Literature. —E. P. 515 of 1894; D. *R. P. 
99104 ; A. P. 503385, 503386. 

Direct Gray R (I.): • 

C fl H 4 N 2 -C 10 H3(OH) a (CO 2 H)SO a H 

<LH 1 -N a -C 10 H J (OH) t (CO 1 H)-SO,H 
Prepared from tetrazotised benzidine and 
1 : 7-dihydroxy - 0 - carboxynaphthalene-3-sul- 
phonic aeid (2 mok). Tho violet aqueous 
solution gives a bluish-grey precipitate with 
hydrochloric aeid and becomes dull violet-red 
with sodium hydroxide. The solution in sul¬ 
phuric acid is blue, giving a bluish-grey precipi¬ 
tate on dilution. Tho corresponding colour 
from tolidine is Direct Gray R. 

Literature. — E. P. 14253 of 1892; D. R. P 
75258 ; F. P. 220408 ; A. P. 493504. 

Direct Violet R (I.). 

G 8 H 4 'N a -C 10 H 8 (OH) a (CO 8 H)-SO,H 

i,H 4 -N 4 -C,H Ii (NH ! ) 4 

Prepared from tetrazotised benzidine and 1 mol. 
cacn of the above dihydroxycarboxynaphthalene- 
sulphouio acid and m-tolylenediamine. The 
solution in water is violet, and in sulphuric acid 
blue. * 

Literature. —A. P. 527070. 

Dianol Red 2 B (Lev.); Azidlne Purpurine 
10 B (C. J.): 

C 6 H 8 a-N a ‘C 10 H 6 (S0 8 H)-NH 8 . 

i„H 8 Cl-N i 'C 10 H s (S0 3 H)-NH > 

Prepared from tetrazotised dichlorobenzidine 
(NH g : 01=4 : 3), and naphthionic aoid (2 mob.). 
The red aqueous solution becomes violet with 
hydrochlorio acid. The solution in sulphurio 
add is blue, changing to violet on dilution. 

Literature.— E. P. 25725 of 1896; D. B. P. 
94410 ; F. P. 265135 ; A. P. 625174, 640743. 

Dianol Brilliant Red extra (Lev.) ; Toluylene 
Red (O.); Chlorantlne Red 8 B (I.); Aoeto- 
purpurlne 8 B (A.) ; Diphenyl Red 8 B (G.) ; 
Azidine Brilliant Red 8 B (C. J.) ; Oxamine 
Scarlet B (B.); 

C,H 4 Cl'N 4 -C l0 H 4 (SO 4 H),-NH 4 

i,H,Cl-N 4 -C 10 H 4 (SO s H) l -NH 4 
Prepared from tetrazotised dichlorobenzidine 
and /3-naphthvlamine-3:6-disulphomo aoid. 
The bluish-red aqueous solution becomes 
slightly darker with hydrochlorio acid. The 
solution in sulphuriq acid is blue, beooming red 
on dilution. 
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Literature.—E. <P. 25725 of 1886; D. R. P. 
94410, 97101; F. P. 265135; A. P. 626174, 
640743. 

Anthracene Red (I.) (By.) 

MO,C,H,N,-0,H,(CO,H)'OH 

i,H,'N 8 -C 10 H t (SO s H)-OH 


Prepared by combining tetrazotised nitro- 
benzidine first with 1 mol. of salicylic acid and 
then with 1 mol. of a-naphthol-4-sulphonic acid. 
(The same colour is not produced by inverting j 
the order of combination.) The red aqueous 
solution gives a red precipitate with hydrochloric 
acid. The solution in sulphuric acid is carmine- 
red, giving a brownish-red precipitate on 
dilution, 

Literaturf'. —E. P. 13475 of 1892; D. R. P. 
72607 ; F. P. 223170 ; A. P. 493583. 

Salicine Red G (K.). Prepared from tetra¬ 
zotised nitrobenzidino and 1 mol. each of salicylic 
acid and j8-naphthol, the product being sul- 
phonated. 

Literature. —E. P. 9454 of 1895; D. R. P.i 
87484. 

Sal]cine Yellow G (K.). Prepared from 
tetrazotised nitrobenzidino and salicylic aJid 
(2 mols.), the product being sulphonated. The 
orange aqueous solution i9 precipitated with 
hydrochloric acid and becomes reddish-brown 
with sodium hydroxide. The solution in sul¬ 
phuric acid is orango-yellow, and gives a brown 
precipitate on dilution. 

Literature .—As above, and Chem. Ind. 1896, 
19, 552. 

Sulphone Azurlne (By.) (A.) (L.) (Lev.): 
C,H 8 (SO # H)N a -C 10 H fl -NH-C 6 H 6 

C ,H,[SO ,H) 'N 2 'C, 0 TI, 'NH-0 ,H 5 


so/ 


Preparod from tetrazotised benzidinesulphone- 
disulphonic acid and phenyl-a-naphthylamino 
(2 mols.). The blue aqueous solution gives blue 
precipitates with hydrochloric acid and sodium 
hydroxide. Thn solution in sulphuric acid is 
violet, giving a blackish-violet precipitate on 
dilution. 

Literalure. —E. P. 1074 and 1099 of 1884; 
D. R. P. 27954, 33088 ; A. P. 432989 > Ber. 1889, 
22, 2459. . 

Pyramine Orange R (B.): 


S0 8 HC fl H 8 -N i -C # fl 8 (NH t ) s ,-N0 I 

Prepared from tetrazotised benzidinedisulphonic 
acid and 6-mtro-m-phcnyienediamine (2 mols.). 
The orange-red aqueous solution gives a yellow- 
i«h-red preoipitate with hydrochloric acid or 
sodium hydroxide. The solution in sulphurio 
acid is yellow, giving a yellowish-red precipitate 
on dilution. 

Literature. —E. P. 8564 of 1894; D. R. P. 
80973 ; F. P. 238340; A. P. 545333. 

Trypan Bad (M.): 


SO 3 H-C 4 H,N,-C 10 H 4 (SO,H) 3 -NH 1 

e, <!i.H,-N, C 1 ^I 4 (S0 3 H),-NH, 
Prepared from tetrazotised benzidinemono- 
eulphonio acid and d-naphthylamme-3 : 6-disul- 
phonie acid (2 mols.). It.is a brown powder, 
soluble in water, and the solution gives a bine 


precipitate with hydrochloric add. It is used 
in medicine. 

Pyramldol Brown T (Fwrbwerk Ammers- 

foort): 

C,H a N J C.H 3 (OH) 1 

<U,N 3 -C.H 3 (OH) 3 

Propared from tetrazotised tolidine and re¬ 
sorcinol (2 mols.). The reddish-brown aqueous 
solution gives a brown precipitate with hydro- 
chlorio acid, and becomes brownish-red with 
sodium hydroxide. The solution in sulphurio 
acid is violet, giving a blackish-brown p r scipi- 
tate on dilution. When the fibre is treated 
with diazo- solutions a deep brown is obtained. 

Toluylene Orange G (O.) (By.) (A.) (L.); 
Azidine Orange G (C. J.); Dianil Orange N 
(M.) ; Alkali Orange GT (D.) ; Renol Orange G 
(T. M.); Direct Orange G (I.) ; Direct Orange Y 
(Sch.); Oxydiamine Orange G (C.); Pluto 
Orange G (By.); Direct Orange G (P.): 

C ? H 6 N 2 C 7 H 6 (C0 8 H)-0H 

i,H,-N 3 -C,H 4 (NH 3 ) 3 -S0 3 H 
Prepared from tetrazotised tolidine and 1 mol. 
each of hydroxytoluic acid (CH S : OH : C0 3 H 
= 1 : 2 : 3) and m-tolvlenodiaminesulphonic acid 
(CH, : NH 3 : NH S . SO s H=l -.2:4: 5). The 
brownish - yellow aqueous solution gives a 
yellowish-brown precipitate with hydrochloric 
acid, and becomes reddish-orange with sodium 
hydroxide. The solution in sulphurio acid Is 
magenta-red, giving a brown precipitate on 
dilution. 

Literature.— E. P. 7997 of 1888; D. R. P. 
44797, 47235 ; A. P, 386634. 

Toluylene Orange R (O.) (M.) (L.) (K. S.) ; 
Azidine Orange R (C. J.); Alkali Orange RT 
(O ); Renol Orange R (T. M.) ; Direct Orange R 
(I.) (Sch.) ; Pyramine Orange RT (B.) ; Oxydi¬ 
amine Orange R (0) ; Pluto Orange R (By.) : 

C ? H,N 3 C,H 4 (NH 3 ) 3 -SO,H 

i,H„-N 3 0,H 4 (NH 3 ) 3 -S0 3 H 
Propared from tetrazotised tolidine and the 
above M-tolylonediaminesulphonic acid (2 mols.). 
The orange aqueous solution gives a bluish-red 
precipitate with hydrochloric acid. The solu¬ 
tion in sulphuric acid is brown, giving a reddish 
precipitate on dilution. 

Literature.— E. P. 4492 of 1887 ; D. R. P. 
40905. • 

Benzopurpurine B (By.) (A.) (L.) (Ley.) (H.) 
(T. M.) (.0.) (Central Dyestuff and Chemical CoJ: 
Cotton Red B (I.): 

C.He-Nj-CjoH^SOaHj-NH, 

4h,N 3 'C, 0 H 4 (SO,H)-NH, 

Prepared by the action of tetrazotised tolidine 
on /3-naphthylamine-6-sulphonic acid (2 mold.) 
in presence of alkali. Aqueous solution, orange- 
red ; unchanged by sodium hydroxide ; a 
brownish-red precipitate -by dilute sulphurio 
acid. Dissolves in sulphurio acid with a blue 
colour, giving a brown precipitate on dilution. 

Literature.— E. P. 3803 of 1886: D. R. P. 
35615; A. P, 329633. 

Benzopurpurine 4 B (By.) (4) (Lev.) (T. M.) 
(L.) (O.) (K. S.) (Farbwerk Ammeiwfoort)(B, KJ 
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(Sok.) (H.); Cotton Red 4 B (B.) <K.) (I.); 

Cotton Red BP (P.) ; Diamine Red 4 B (C.) j 
Dlanil Red 4 B (M.); Direct Red 4 B (Soh.): 


C,H,N,C ll) H, l (SO,H)NH l 

^?H ( 'N,'C I0 H s (SO a H)-NH, 

Prepared by the action of tetrazotised tolidino 
on naphthionio acid (2 mols.). About twice 
the theoretical amount of naphthionic acid is 
used, the excess being regained from the filtrate 
after separating the colour. The alternative 
method of preparation by oxidising toluene- 
azonaphthionio acid (cp. Congo Red) is not 
used technically. Homologous with Congo Red, 
and isomeric with the last. Aqueous solution 
orange-red, giving a red precipitate with excess 
of sodium hydroxide; blue precipitate with 
hydrochloric acid; dissolves in sulphuric acid 
with a pure blue colour. 

Literature—E. P. 3803 of 1885, 6697 of 1895 ; 
1). R. P. 35015, 84893; F. P. 167876, 248210; 
A. P. 329632. 

Benzopurpurine 6 B (J.ev.) (By.) (A.) (L.) 
(T. M.) (0.) ; Dlanil Red 6 B (M.) ; Cotton Red 
6 B (I.); Diamine Red 6 B (C.). Prepared as 
above from tetrazoditolyl and a-naphthyl- 
amine-5-sulphonic acid. Colouring matter very 
similar in properties to the preceding. The 
same constitution is assigned to Diazo Brilliant 
Black B (By.), which gives blues or blacks 
when diazotised and developed on the fibre. 

Literature.— E. P. 3803 of 1885: 1). R. P. 
35615. 

Diamine Red B (A.): 


C 7 H 6 -N # -C 10 H 6 (SO 5 H)NH 3 

l\H t -N,-C 10 H,(SO,H)-NH, 

Prepared from tetrazoditolyl and 1 mol. of 
2-naphthylamine-7-suiphonic acid and 1 mol. of 
the 6-sulphonic acid. Deltapurpurine 5 B 
(By.) (A.) (Lev.) (L.) (M.) (B. K.) (K.) (K. S.); 
Cotton Purple 5 B (B.); Cotton Red D (I.) is 
prepared from 2 mols. of the crude 6-naphthyl- 
amme-S-sulphonic acid. It is therefore a mix¬ 
ture of Diamine Rod B (60 p.c.), Diamine Red 
3 B (25 p.o.), and Benzopurpurine B (25 p.c.). 
Aqueous solution red, giving a brown colouration 
with acetic acid, and a brown precipitate with 
hydroohlorio acid. Red precipitate with sodium 
hydroxide. Solution in sulphuric acid blue, 
giving a brown precipitate on dilution. 

Literature. —E. P. 5846 of 1886; D. R. P. 
42021 ; P. P. 180728; Ber. 1887, 20, 1430, 
2910, 3160, 3353. 

Diamine Red 3 R (A.); Deltapurpurine 7 B 

(Lev.). Isomerjg with the preceding. Prepared 
from tetrazotised tolidino and fl-naphthyl- 
amine-7-sulphonic acid. The cWouring matter 
is precipitated from its aqueous solution by 
aoetio acid, and forms an insoluble calcium 
■ait. Red precipitate with sodium hydroxide. 
Solution in sulphuric acid blue, giving brown 
preoipitate on dilution 

Literature. —E. P. 4846 and 12908 of 1886; 
D. R. P. 41201, 48074; F. P. 178979; Ber. 
1887, 20, 2910, 3160. 

Boaaz urine O (By.) (A.); 

C,H 1 -N 1 C 1 ,H 5 (S0,H)-NHC,H, 

C,H,« 1 'C 10 H,(SO,H)NH, 


Prepared from tetrazotised tolidino and 1 mol. 
eaoh of (8 naphthylamine-7-iuIphonio acid and 
ethyl-0-qaphthylamine-7-aulphonlc acid. When 
2 mols. of the latter acid are employed the 
product is known as Rosaxurlne B, Both dyes 
give a cherry-red aqueous solution, whioh gives 
a reddish-violet precipitate with hydroohlorio 
acid. Their solutions in sulphurio acid are 
blue, giving a violet precipitate on dilution. 

Literature.— E. P. 17083 of 1888; D, R. P. 
41761; F. P. 180727. 

Brilliant Purpurlne R (A.) (By.) (L.): 

C 7 H,-N,-C 10 H 1 (SO,H) 1 -NH i 

i I H,N,C 10 H 6 (SO t H)NH 1 
Prepared from tetrazotised tolidine and 1 mol. 
each of £-naphthylamine-3 : 6-diaulphon!c acid 
and naphthionic acid. The red aqueous solution 
gives a black precipitate with hydrochloric aftd, 
$nd a red one with sodium hydroxide. The 
solution in sulphuric acid is "blue, giving a 
blue-black precipitate on dilution. 

Litei at are. —E. P. 6687 of 1887 ; D. R. P. 
41095; F. P. 160722. 

Brilliant Purpurine 4 B (A.) (By.); 

C 7 H fl *N a C 10 H 6 (SO 8 H)NH 3 . 

d) 7 H.-N.-C 10 H,(SO > H)-NH A 
Prepared from tetrazotised tolidino and 1 mol. 
each of /3-naphthylamine-O-sulphonic acid and 
, naphthionio acid. The vellowish-red aqueous 
solution gives a violet-blue precipitate with 
hydrochloric acid. The solution in sulphuric 
acid is violet-blue, giving a violet-blue precipi¬ 
tate on dilution. 

Literature.—& P. 15296 of 1885; D. R. P. 
39096; F. P. 160722. 

Azo Blue (By.) (A.) (Lev.)* Benzoin Blue R 

(B. K.): 

C 7 H 6 -N a -C 10 H 6 (SO 9 H)OH 


Preparod by the action of tetrazotised tolidine 
on a-naphthol-4-sulphonic acid. Aqueous solu¬ 
tion of colouring matter violet, becoming crimson 
on addition of sodium hydroxide; restored to 
violet by,dilute sulphurio acid. Dissolves in 
sulphuric acid with a pure blue colour, giving 
violet precipitate on dilution. 

Literature.—E. P. 9510 of 1885; D. R. P. 
35341; F. P. 171133 ; A. P. 366.078.. 

Congo Corinth B (By.) (A.) (Lev.) (B. K.) 
(L.) (K. S.); Cotton Corinth B (O.); Renol 
Corinth B (T. M.); Buffalo Violet 4 R (Soh.) j 
Dlanil Bordeaux B (M.) ; 

C 7 H g -N a -C 10 H 5 (S0 8 H)*NH a 

i,H ( -N 1 -C I 0 H s (SO a H)-OH 
From tetrazotised tolidine, naphthionio acid, 
and a-naphthol-4-suIphonio acid. Aqueous solu - 
tion magenta-red, giving violet preoipitate with 
mineral acids. Blue solution in sulphurio add; 
violet precipitate on dilution. 

Literature. —E. P. 15296 of 1885 ; 2213 and 
8687 of 1886 ; D. R. P. 39096; A. P. 358865. 

Congo Red 4 R (A.) (By.) : • 

CjH,‘N, - C,H a (OH), 

<!:,H,N,-0bH.(SO,H)NH, 
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From tetrazotised tolidine, resorcinol, and naph- 
thionio acid. Aqueous solution brownish-red, 
violet precipitate with mineral acid$, brown 
precipitate with acetio acid. Solution in 
sulphuric acid blue, giving violet preoipitate on 
dilution.* 

Literature. —E. P. 15296 of 1885; 2213 of 
1886; D. R. P. 39096 ; F. P. 160722 (addition). 

Brilliant Congo R (A.) (By.) (L.); Brilliant 
Dianil Red R (M.) ; Azidlne Scarlet R (C. J.) : 

C 7 H 8 -N t ‘C l0 H 4 (SO 8 H) 2 -NH a 

i ;H ,'N, 'C; 0 H s ! SO a H)' N 13 , 

From tetrazotised tolidine, j8-naphthylamine- 
3: 6-disulphonic acid and £-naphthylamine-6- 
sulphonic acid (Bronner’s). Aqueous solution 
brownish-red, giving a .similarly coloured pre¬ 
cipitate with mineral acids. Solution becomes 
blfter with acetic acid. Orange precipitate with 
sodium hydroxide. Blue solution in sulphuric 
acid, giving dark-brown precipitate on dilution. 

Literature. —E. P. 6687 of 1887; L. R. P. 
41095. 

Azo Black Blue B, R (0.): 

C 7 H B -N l , C 6 H 3 (OH)NHC # H ri 

£,H,-N,-C I0 H s (SO a H) t (OH)-NH 2 
Prepared from tetrazotised tolidine and 1 mol. 
each of m-hydroxydiphcnylamine and 8-amino- 
a-na]phtho£3 : 6-disulphonic acid (11-acid). Solu¬ 
tion in water is brownish-violet and in sulphuric * < 
aoid blue, giving a bluish-violet precipitate on 
dilution. 

Literature.—E. P. 10861 of 1891; IX R. P. 
70201; A. P. 402415. 

Azo Mauve B (O.): 

C 7 H 6 -N 8 -C M H 3 (S0 3 H) 8 (0H)-NH 8 

Prepared from tetrazotised tolidine and 1 mol. 
each of 8-amino-a-naphthol-3:6-disulphonic 
aoid (H-acid) and a-naphthylamine. Violet 
aqueous solution gives a violet precipitate with 
hydrochloric acid, and becomes rather bluer with 
dilute acetio acid. Solution in sulphuric acid 
is blue, becoming violet on dilution. When /3- 
naphthylamine is used instead of the a-com- 
pound the product is Naphthazurine B (O.), the 
reactions of which are similar to the above. 

Literalure. —As above and A. P. 462415, 
608999. 

Chicago Blue 2 R (A.); Benzo Blue 2 R 
(By.); Diamine Blue C 2 R (C.) ; Azidlne Wool 
Blue R (C. J.): 

C 7 H fl -N a -C 10 H fi (S0 3 H)-OH 

i,H,-N,'C 10 H.(SO,H)(OH)-NH J 
Prepared from tetrazotised tolidine and 1 mol. 
each of /3-napbthol-8-sulphonic acid and 8- 
amino-d-naphthol-5 Bulphonic acid. The violet- 
blue aqueous solution gives a dark-blue precipi¬ 
tate with hydrochloric acid, and becomes 
reddish-violet with sodium hydroxide. Solution 
in sulphuric aoid is blue, giving a blue precipitate 
on dilution. The corresponding colour from 
dianisidine is Azidlne Wool Blue B (C. J ). 

Literature.— E. P. 27609 of 1907; D. R. P. 
203536, 209269; F. P. 383747; A. P. 888036. 

Oxamlne Blue 4 R (B.); 'Azidlne Blue 8 RN 


(C. J.); Naphthamine Blue 8 RE (K.); Dianil 
Azurlne 8 R (M.); Benzoazurlne 8 R (By.) 

(0.) ; 

C 7 H fl 'N a *C l0 H 6 (SO a H);OH 

i I H,-N s 'C 10 H.(SO s H)(OH)-KH, 

Prepared from tetrazotised tolidine and 1 mol. 
each of 6-amino-a-naphthol-3-sulphonic acid and 
a-naphthol-4-sulphonic acid. Violet aqueous 
solution is precipitated with hydrochloric acid 
or sodium hydroxide. Solution in sulphuric 
acid is blue, giving a violet precipitate on 
dilution. 

Literature. — E. P. 2614 of 1893 ; E. R. P. 
93276; F. P. 227892 ; A. P. 521095. 

Columbia Blue G (A .); Benzo Red Blue G 
(By.); Diamine Blue LG (C.): 

U 7 H 6 -N a *C 10 H 4 (SO 3 H) a -OH 

Prepared from tetrazotised tolidine and 1 mol. 
each of a-naphthol-3:8-disulphonic acid and 
8-aimno - a - naphthol - 5 - sulphomc acid. Blue 
aqueous solution gives a blue precipitate with 
hydrochloric acid, and a reddish-violet one 
with sodium hydroxide. Solution in sulphuric 
acid is greenish-blue, giving a reddish-violet 
precipitate on dilution. 

Chicago Blue R (A.) (By.); Diamine Blue CR 
( 0 .): 

0 7 H 6 -N a -C 10 H 4 (SO 3 H)(UH)-NH a 

I 

O 7 H 6 -N a E 10 H 4 (SO 3 H)(OH)NH a 
Prepared from tetrazotised tolidine and 8-amino- 
a-naphthol-5-sulphonic acid (2 mols.). The 
violot-blue solution gives a dark-violet precipi¬ 
tate with hydrochloric acid. The solution in 
sulphuric acid is cornflower blue, giving a bluish- 
violet precipitate on dilution. Tho correspond¬ 
ing colour from dianisidine is Chicago Blue B 
(A.) (By.); Diamine Blue CB (C.). 

Literature. —A. P. 506284. 

Dianil Blue B (M.): 

C 7 H 8 -N 2 ‘C 10 H 3 (SO 3 H) a (OH) a 

I 

C 7 H 6 -N a -C 10 H 3 (SO 3 H) a (OH) a 
Prepared from tetrazotised tolidine and 2 mols. 
of l: 8-dihydroxynaphthaleno-3 : 6-disulphonic 
acid (chromofcropo acid). The blue aqueous 
solution is not changed with hydrochloric acid 
or sodium hydroxide. The solution in sulphurio 
acid is deep-blue, becoming bluish-violet on 
dilution. 

The corresponding colour from benzidine is 
Dianil Blue R, and from difnisidine Dianil 
Blue G, and when 1 mol. each of chromotrope 
aoid and a-naphthol-4-sulphonic acid are used 
the product is Dianil Blue 2 R (M.); Naph¬ 
thamine Brilliant Blue 2 R (K.); Benzo New 
Blue 2 B (By.). 

Diamine Blue 3 B (C.); Benzo Blue 8 B (By.); 
Congo Blue 3 B (A.) (Lev.); Azidlne Blue 3 B 
(C. J.); Chlorazol Blue 3 B (H.) ; Naphthamine 
Blue 3 BX (K.); Dianil Blue H 3 G (M.); 
Benz amine Blue 3 B (D.); Niagara Blue 3 B 
(Sch.): 

0 7 H 8 *N a , C 1 oH 3 (S0 3 H) l (OH)’NH a 

<U,-N,'C ll) H,(80,H),(045'ilH, 
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Prepared from fcetrazotised tolidine and 8-amino- 
a-naphthol-3 : 0-disulphonic acid (H-acid ; 2 
mols.). When used in medicine it is known as 
Trypan Blue (M.). The violet aqueous solution 
becomes bluer with Jiydroohloric acid, and gives 
a precipitate with excess. The solution in 
sulphuric acid is blue, giving a violet precipitate 
on dilution. 

Literature. —E. P. 13443 of 1890; 1742 of 
1891; D. R. P. 74593 ; F. P. 201770, 210033. 

Eboli Blue B (L.). Isomeric with the above, 
8-amino-a-naphthol-4 : 6-disulphonic acid being 
used instead of H-acid. The blue aqueous 
solution gives a blue precipitate with hydro¬ 
chloric acid, and becomes reddish-violet with 
sodium hydroxide. The solution in sulphuric 
acid is blue. 

Literature. —E. P. 19253 of 1895; D. R. P. 
appl. F. 8626; A. P. 606430, 606437, 606438, 
606439. 

Diamine Blue BX (0.); Benzo Blue BX (By.); 
Congo Blue BX (A.) (Lev.J; Azidine Blue BX 
(C. J.) ; Naphthamine Blue BXR (K.) ; Dianll 
Blue HG (M.); Eboli New Blue 2 B (L.); Benz- 
amine Blue BX (1>.) ; Niagara Blue BX (Seh.): 

C 7 H fl -N a -C 10 H 3 (SO 3 II) 2 (OH)-NH 2 

C 7 H 5 -N a -C 10 H 6 (SO 3 H)-OH 
Prepared from fcetrazotisod tolidine and 1 mol. 
each of a-naphthol-4-sulphonie acid and 8- 
amino-a-naphtnol-3 ; G-disulphonic acid (11- 
acid). The bluish-violet aqueous solution gives 
a violet precipitate with hydrochloric acid, and 
becomes bluish-red with sodium hydroxide. The 
solution in sulphuric acid is blue, giving a violet 
precipitate on dilution. I 

Literature.- —E. P. 1742 of 1891; D* R. P. : 
74593 ; F. P. 201770 addition. 

Direct Blue R (I.). 

C 7 H # *N g , C lu H 8 (C0 2 H)(0H) a -S0 a H 

bjH.'Nj’C.oH^SOjHJ'OH 
Prepared from tetrazotised tolidine and 1 mol. 
each of 1 : 7-dihydroxy-0-carboxynaphthalenc- 
3-sulphonio acid and a-naphthol-4-sulphonic 
aoid. The violet aqueous solution gives a violet 
precipitation with hydrochloric acid, and 
becomes violet-red with sodium hydroxide. The 
solution in sulphuric acid is blue. The corre¬ 
sponding colour from dianisidine is Direct 
Blue B (I.). 

Literature. —E. P. 14161 and 14253 of 1892 ; 
D. R. P. 67000, 75258; F. P. 219875, 220468; 
A. P. 493563, 493564. 

Indazurlne RM (I.). Isomeric with the 
preceding. A different naphthoic acid, viz.: 
I ; 7-dihydroxy-2 - carboxvnaphthalene ■ 4 - sul- 
phonio acid is used, the other constituents being 
the same. The violet-blue aqueous solution 
beoomes bluer with hydrochloric acid and red 
with sodium hydroxide. The solution in sul- 
phurio acid is blue, giving a violet precipithte 
on dilution. The corresponding colour from 
dianisidine is Indazurlne GM (L). 

Literature. —A. R 524070. 

Indazurlne TS (I.): 

t jH.-Nj-C, nH 4 (SO t H)(OH) 'NH, 

Prepared as thl preceding, except that 7-amino- 


a-naphthol-3-sulphonic acid used instead of 
a-naphthol-4-sulphonic acid. The violet-blue 
aqueous solution becomes redder with acids or 
alkalis. The solution in sulphuric acid is blue, 
giving a violet precipitate on dilution. 

Literature. —As albove. * 

Milling Scarlet 4 R (M.); Acid Anthracene 
Red 3 B (By.); Florida Red R (L.): 

HSO 3 -C 7 H 6 -N 2 -C 10 H 4 -OH 

hso„-!; ? h 5 -n,'C 10 h.-oh 

Prepared from tetrazotised tolidinodisulphonic 
acid and 0-naphthol (2 raols.). Tho carmoisine- 
red aqueous solution gives a violet precipitate 
with hydrochloric acid. The solution in sul¬ 
phuric acid is violet-red. 

Diamine Yellow N (U.) : 

C 2 H 5 0-C 8 H 3 N a C a H 8 (C0 a H)0H . 

C.H 1 -N,-C e H.-0-C s H, 

Prepared by combining tetrazotised ethoxyben- 
zidino first with salicylic acid (1 mol.) and then 
with phenol (1 mol.) and ethylating the product. 
The yellow aqueous solution gives a greenish 
precipitate with lxydrochloric acid and a reddish- 
yellow with sodium hydroxide. The solution 
in sulphuric acid is violet, giving a greenish- 
brown precipitate on dilution. 

Literature.— E. P. 14464 of 1887; I). R. P. 
46134; F. P. 186566, 186567; A. P.*380067. 

Diamine Blue 3 R (0.): 

C 2 U 5 OC 6 H 3 N a -C 10 H 5 (S0 8 H)OH 

Prepared from tetrazotised ethoxybenzidine and 
a-naphthol-4-sulphonic acid (2 mols.). The 
reddish-blue aqueous solutioif is not changed 
with hydrochloric acid, but becomes reddish- 
violet with sodium hydroxide. The solution in 
sulphuric acid is dark-blue, giving a violet 
precipitate on dilution. 

Literature. —As above. $ 

Diamine Blue B (C.): x 

0 a H 6 -O-C fl H 8 -N a -C lo H 4 (SO a H) a -OH 

i,H 4 ‘N,'O 10 H 5 (SO t H)’OH 
Prepared from tetrazotised ethoxybenzidine and 
1 mol. each of /3-naphthol-3 : 7-disuiphonio acid 
and a-naphthol-4-sulphonio acid. The blue 
aqueous solution gives a blue precipitate with 
hydrochloric acid, and becomes reddish-blue 
with sodium hydroxide. The solution in sul¬ 
phuric acid is blue, giving a blue precipitate on 
dilution. 

Literature. —As above. 

Diamine Blue Black E (C.): 

CjHj’O’CgHj-^'CjoH^SOaHJjOH 

1:»h 1 'N 1 -c 1( ,h 4 (so 3 h)(oh)-nh, 

Prepared as the preceding, except that 7-amino- 
a-naphthol-3-sulphonic acid is used instead of 
a-naphthol-4-sulphonio acid. The combination 
is effected in alkaline solution. The blackish- 
blue aqueous solution gives a blue precipitate 
with hydrochloric acid, and is not changed with 
sodium hydroxide. The solution in sulphuric 
acid is blackish-blue, giving a blue precipitate 
I on dilution. e 
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Literature.— E. P. 19699 of 1889 j D. R. P 
67887; F. P. 201770. 

Dlazurlne B (By.): 

CH,-O-C,H 1 -N,-C 10 H s (SO,H)-NH 1 ■ 

(7H <s -0( l :,H a N > C lu H 6 (80,H)-NH, 

Prepared from tetrazotised dianisidine and a- 
napiithylamine-6-(or 7-)sulphonic acid (Cleve’s 
acid) (2 mols.). The brownish-red aqueous 
solution gives a blue precipitate with hydro¬ 
chloric acid and a soluble red one with sodium 
hydroxide. The solution in sulphuric acid is 
blue, giving a blue precipitate on dilution. 

Literature ,—D. R. P. 65202. 

Benzopurpurine 10 B (By.) (Lev.) (K.) (L.) 
(A.) (Q.) (K. S.) (T. M.); Dianil Red 10 B (M.); 
Cotton Red 10 B (I.) (P.); Diamine Red 10 B 
(CA; Buffalo Cardinal 7 B (Sch.). Isomeric 
with the preceding. Prepared from tetrazotised 
dianisidine and 2 mols. of naphtlnonic acid. 
The carmine-red aqueous solution gives a blue 
precipitate with hydrochloric acid and a red 
one with sodium hydroxide. The solution m 
sulphuric acid is blue, giving a blue precipitate 
on dilution. 

Literature. —E. P. 14424 of 1885 ; D. R. P. 
38802 ; F. P. 173042 ; A. P. 481054. 

Azo- Violet (By.) (A.) (L.) (Lev.): 

CH3*0-C.H3-N 2 C 10 H 6 (SO 3 H)NH 2 

CH s -(U,H 3 'N a -C 10 H J (NO 3 H)-OH 

Tetrazotised dianisidine (1 mol.) is combined 
with 1 mol. of naphtlnonic acid, and then with 
1 mol. of a-naphthol-4-sulphonie acid. Aqueous 
solution reddish-violet, giving blue precipitate 
with mineral acids and bluish-violet colouration 
witli acetic acid. Solution turned magenta 
by sodium hydroxide. Dissolves* with a blue 
colour in sulphuric acid, giving a blue precipitate 
on dilution. 

Literature. —E. P. 14424 of 1885; 7283 of 
1886; D. R. P. 40247; E. P. 173042; A. P. 
447302. 

Benzoazurine G (By.) (A.) (L.) (Lev.) (K.) 
(O.) (K. S.); Dianil Azurlne G (M.) ; Renol 
Blue B (T. M.) ; Cotton Blue 3 G (I.); Benzoin 
Blue GN, 2GN, 5GN (B. K.); Direct Blue G 
extra (Sch.) ; Oxamtne Blue A (B.) ; Azidine 
Blue BA JO. J.)- 

CH.-O-C.Ha-Na-CjoH^SOaHl-OH 

CH a -O-C 6 H 3 *N a -C 10 H fi (SO,H)-OH 

Prepared by the action of tetrazotised dianisi- 
dine on a-naphthol-4-sulphonic acid. Aqueous 
solution bluish-violet, becoming red on addition 
of sodium hydroxide; dark-violet precipitate 
with dilute hydrochloric acid. Dissolves in 
sulphuric acid with a blue colour, giving violet 
precipitate on dilution. Benzoazurine R (By.) 
,\A.) (L.) (O.) is a mixture of benzoazurine G 
and azo bluo. 

Literature.— E. P. 14424 of 1885; D. R P 
388Q2 ; F P. 173042 ; A. P. 357273, 481954. 

Benzoazurine 3 G (By.) (A.) (L.) (Lev.) (K.). 
Isomeric with the above. a-Naphthol-5-sul- 
phonic acid (Laurent’s acid) is used instead of 
the 4-Bulphomc acid. Aqueous solution bluish- 
violet, giving bluish-violet preoipitate with 
hydrochloric acid and beconfim? violet-red with 


sodium hydroxide. Solution in sulphuric acid 
is blue, giving violet preoipitate on dilution. 

Literature .—As above. 

Congo Blue 2 B (By.) : 

CH 8 -O-C 8 H 3 -N a -C 10 H t 4 (SO 8 H) a OH 

CH 8 -O-C 6 H 3 -N a -C 10 H B (SO 8 H)-OH 
Prepared from tetrazotised dianisidine and 1 
mol. each of /3-naphthol-3: 0-disulphonic acid 
and a-naphthol-4-sulphonic acid. Blue aqueous 
solution gives a dark-blue precipitate with 
hydrochloric acid, and becomes magenta-red 
with sodium hydroxide. Solution in sulphuric 
acid is blue, giving a blue precipitato on dilution. 

Literature .—E. P. 7283 of 1886; D. R. P. 
40247; F. P. 173042 (addition); A. P. 467162. 

Chlorazol Blue R and 3 G (H.): 

CH 3 -O-C 6 H 3 -N a -C 10 H 4 Cl(SO 3 H)OH 

CHj'oijIlj'Nj’O,,,11,01(80 jH)-OH 
Prepared from tetrazotised dianisidine and 
2 mols. of chloro-a-naphthol-5- and -4-sulphonio 
acids respectively. Tho violet aqueous solu¬ 
tion undergoes little change with hydrochloric 
acid, but turns crimson with sodium hydroxide. 
The solution in sulphuric acid is greenish-blue 

(R) or green (3 G). 

Literature. —E. V. 12085 of 1898. 

Diamine Brilliant Blue G (0.): 

CH 8 *OC 6 H3-N 2 -C 10 H 8 Cl(SO 8 H) a -OH 

(JH s -0 (J,H 3 -N, C 1# H a Cl(SO,H),-OH 
Prepared from tetrazotised dianisidine and 2 
mols. of 8-ehloro-a-naphthol 3 : 6-disulphonio 
acid. Bluish-violet aqueous solution gives a 
soluble violet precipitate with hydrochloric acid, 
and becomes cherry-red with sodium hydroxide. 
Solution in sulphuric acid is greenish-blue, 
turning violet on dilution. 

Literature. —E. P. 1920 of 1894; D. R. P. 
79055, 82285; F. P. 235271; A. P. 532125, 
535037. 

Oxamine Blue B (B.): 

CH 8 O-C 6 H 8 N 2 0 10 lL(SO 8 H)OH 

CH,-O^,H,N s -U 10 H,(SO a H)(OH)-NH, 

Prepared from tetrazotised dianisidine and 1 mol, 
each of 5 amino-a-naphthol-3-8ulphonio acid 
and a-naphthol-4-sulphonic acid. Dark-blue 
aqueous solution turns reddish-violet with 
sodium hydroxide, and pale violet with hydro¬ 
chloric acid. The solution in aulphurio acid is 
bluish’-green, becoming violet on dilution. 

Literature.—E. P. 2370 of 1893; D. R. P. 
82672 ; F. P. 229283 ; A. P. 658344. 

Chicago Blue 6 B (A.) ; Brilliant Benzo Blue 
6 B (By.) ; Diamine Sky Blue FF (C.); Aildine 
Sky Blue FF (C. J.); Chlorazol Sky Blue FF (H.); 
Dlanol Brilliant Blue 6 B (Lev.); Oxamine 
Sky Blue 6 B (B.) ; Dlanil Sky Blue PH (M.): 

CH s -OC,H a N J C 10 H s (SO,H),(OH)OT, 

OH 3 O-i,H a N,'C l0 H a (gO,H),(OH)-NH, 
Prepared from tetrazotised dianisidina and 2 
mols. of glamino-a-naphthol-S: 7-disulpllonio 
acid (S-acid). The combination is effected in 
alkaline solution. Blue aqueous solution is not 
changed with hydrochloric acid, but becomes 



AZO- COLOURING MATTERS. 


m 


bluish-violet with sodium hydroxide. Solution 
in Bulphurio acid is bluish-green, beooming pure 
blue on dilution. 

Diamine Sky Blue (C.) ; Benzo Sky Blue (By. ); 
Congo Sky Blue (A.)* Dianol Sky Blue (Lev.); 
Renol Pure Blue (T. M.); Azidine Sky Blue 
(C. J.) ; Chlorazol Blue 6 G (H.) ; Naphthamlne 
Blue 7 B (K.) ; Dianil Blue H 6 G (M.) ; Oxamine 
Sky Blue 5 B (B.); Benzamine Sky Blue (D.); 
Benzoin Sky Blue (B. K.) ; Direct Blue RBA (L.) ; 
Niagara Blue 4 B (Sch.). Isomeric with the 
preceding. Two mols. oi 8-amino-a-naphthol- 
t ® • 6-disulphonic acid (H-acid) arc used as com- 
* ponents. Blue aqueous solution is not changed 
with hydrochloric acid, but becomes redder 
with sodium hydroxide. Solution in sulphuric 
acid is bluish-green, becoming pure blue on 
dilution. 

Literature.— E. P. 1742 of 1891 ; D. R. P. 
74593 ; F. P. 201770; A. P. 464135. 

Chicago Blue RW (A.); Benzo Blue RW 

R$ (Lcfj amlne B1Ue RW #(C ) J Dlan01 B1U0 

CH 8 -O*C 6 H 3 -N a *C 10 H 3 (SO 3 H) 2 (OH)*NH 2 
CH 3 '0*C e H 8 N a Cj 0 H , 0H 

Prepared from tetrazotised ebanisidino and 1 
mol. each of 8-arnmo-a-naphthol-5:7-disul- 
phonio acid and /3-naphthol. Blue aqueous solu¬ 
tion gives a bluo precipitate with hydrochloric 
acid, and becomes violet with sodium hydroxide. 
Solution in sulphuric acid is green, giving a 
violet precipitate on dilution. 

Chicago Blue 4 B (A.); Benzo Sky Blue 4 B 
(By.); Diamine Sky Blue C 4 B (0.). Instead 
of 0-naphthol in the preceding colouring matter, 
8-amino-a-naphthol-5-sulphonic acid is * used. 
Blue aqueous solution gives a bluish-violet 
precipitate with hydrochloric acid, and is 
unchanged with sodium hydroxide. Solution 
in sulphuric acid is bluish-green, giving a blue 
precipitate on dilution. 

Indazurine B (I.): 

CH 8 -O-C fl H a -N a -C 10 H 4 (SO 3 H) 2 -OH 

CH 3 -O-C 6 H3-N 2 -C I0 H 4 (SO 3 H)(OH) a 
Prepared from tetrazotised dianisidino and 1 mol. 
each of 1 : 7-dihydroxynaphthalenc-4-sulphonic 
acid and /S-naphthol-3 : 6-disulphonic acid. Blue 
aqueous solution turns bluer with hydrochloric 
acid and red with sodium hydroxide. Solution 
• in sulphuric acid is bluo, giving a reddish-blue 
precipitate on dilution. When wt-fcolylenedi- 
amine is used instead of R-salt the colour pro¬ 
duced is called Direct Violet BB (I.). The 
violet aqueous solution shows the same reactions 
as the above, as does also the solution in sul¬ 
phuric acid. 

Literature.— D. R. P. 524069 ; A. P. 524069. 

Brilliant Azurine 5 G (By.) (A.) (L.): 

CH 3 , O , C 4 H 8 , N 2 *C, 0 H 4 (SO 3 H)(OH) 2 

CH 3 'O*C 8 H a -N a -(j, 0 H 4 (SO 3 H)(OH) 2 

Prepared by combining tetrazotised dianisidine 
with 2 mols. of 1 : 8-dihydroxynaphthalene-4- 
aulphonio acid in acetio acid solution. Aqueous 
solution is bluish-violet ; with hydrochloric acid 

f ives a blue precipitate, and with sodium 
ydroxide becomes red. Solution in sulphuric 


acid is greenish-blue, giving a dark reddish- 
blue precipitate on dilution. # 

Literature. — E. P. 14424 of 1885; 13665 of 

417294 D‘ K P ’ 57166 ^ F * R 173042 * A - P * 

Indazurine BB (I.): j 

CH 3 -0-C 8 H a N 2 -C 10 H 3 (C0 a H)(S0 3 Hj(0H)| 
CH 3 -O-C 6 H 3 N 2 ‘0 10 H 4 {SO 8 H) 2 'OH 

Prepared from tetrazotised dianisidino and 1 mol. 
each of 1 : 7-dihydroxy-2-earboxynaphthalene- 
4-sulphonic acid and i8-naphthol-3 : 6-aisulphonio 
acid (R-salt). Blue aqueous solution becomes 
slightly bluer with hydrochloric acid, and redder 
with sodium hydroxide. Solution in sulphurio 
acid is greenish-blue, giving a blue precipitate 
on dilution. • 

Literature. —A. P. 524070. 

Indazurine 5 GM (I.): • 

CH 3 -O-O 6 H 3 -N 2 -C 10 H a (CO a H)(SO 3 H)(OH) 2 

CH 3 -OO 6 H3-N 2 -C 10 H 3 (SO 3 H) 2 (OH)NH 2 
Prepared as the preceding, except that 8-amino- 
a-naphthol-3:6-disulphonio acid (H-acid) is 
used instead of R-salt. The pure bluo aqueous 
solution is not changed with hydrochloric acid, 
buf becomes redder with sodium hydroxide. 
The solution in sulphuric acid 13 bluish-green, 
becoming bluish-violet on dilution. 

Literature. —As above. • 

Hessian Yellow (L.): 

C H C,H,(SO # H) N, C,H s (('0,H) OH 

CH-C,H 3 (SO J H)-N 2 -C t H a (CO a H)-OH 

Prepared from tetrazotised dianiinogtilbenedi- 
sulphonic acid 1 and salicylic acid. Aqueous 
solution ochreous, giving blackish precipitate 
with mineral acids. Solution reddened by 
sodium hydroxide. Keddish-vioiet solution in 
sulphuric acid, giving blackish precipitate on 
dilution. 

Literature. —E. P. 4387 of 1886: D. R. P. 
38735 ; A. P. 350299, 350230. 

Hessian Purple N (L.) (By*) 

• CH-C,H 3 (SO s H)-N 3 -C J0 H.-NH, 

CHC,H > (SO > H)N 2 C,„H,NH j 
From tetrazotised diaminostilbenedisulphonio 
acid and 0-naphthylamine. Aqueous solution 
red, giving bluish-black precipitate with mineral 
acids, and violet-black precipitate with acetio 
acid. Rod colouration or precipitate with sodium 
hydroxide. Blue solution in sulphuric acid, 
giving bluish-blaok precipitate on dilution. 

References as in preceding. 

Brilliant Yellow (L.) (A.) (By.): 
0HC,H 3 (S0,H)N a -C,H,-0H 

CH'C,H 3 (S0 3 H)'N a 'C,H 4 ’0H 
From the same tetrazo-disulphonic acid and 


uiaminostllbenedlaiilphonlc acid 
CH = CH 


so 3 h^ Q ]so 3 h 
nh 3 kb, 

is prepared by boiling p-nitrotoluene-o-Bulphonid add 
with sodium hydroxide, and reducing the product with 
unc-dust. 
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phenol. Aqueous solution orange, giving violet 
precipitate with Mineral acids. Dissolves with 
a reddish-violet in sulphuric acid,, giving a 
violet precipitate on dilution. 

References as in preceding. 

Chrysophenine G (K. S.) (L.) (A.) (By.); 
Chrysobarfne G extra cone. (T. M.); Phenlne 
Yellow (P.); Azfdine Yellow CP (0. J.); Direct 
Yellow CRG (L.); Aurophenine 0 (M.); Pyra- 
mine Yellow G (B.); Triazol Yellow G (0.): 

CH-C , fl H 8 (S0 3 H)-N 3 ‘C e II 4 -0 , 0 2 H 6 


G (I.); Direct Yellow R (P.) (0.); Diamine 
Fast Yellow A (C.). Prepared by heating p- 
nitrotoluenesulphonic aoid with aqueous sodium 
hydroxide. Direct yellow RT, which was 
analysed by Green ( t.c .), ie considered to have 
the constitution. 


CH-C 6 H 8 (S0 3 H)-N=N-C 6 H 3 (S0 8 H)-CH 

II II 

GH*C e H 8 (S0 a H)-N-N-C 8 H 3 (S0 8 H)-CH 


0 


CHC e H 8 (S0 8 H)\N 2 C B H 4 *0C g Il 8 
Prepared by ethylating the preceding colouring 
matter. AqueouB solution orange, giving brown 
precipitate with mineral acids. Dissolves with 
a redSish-violet colour in sulphuric acid, giving 
blue precipitate on dilution. 

• Literature.—K P. 3994 ol 1887; D. R. P. 
42466; F. P. 182063; Ber. 1894, 27, 3357; 
1903, 36, 2975. 

Hessian Brilliant Purple (L.) 

CH-C 6 H3(S() 3 H)N a *C 10 H 6 (SO 8 H)-NIl 8 

CH-C 8 H 8 (SO 8 H)-N 2 'C 10 H 6 (SO 3 H)-]SlH 2 
Prepared from tetrazotised diaminostilbenodi- 
eulphonic acid, and 2 mols. of d-naphthylammo- 
6-sulphonic acid. Purple-red aqueous solution 
gives bluish-black precipitate with hydrochloric 
acid and carmine-red precipitate with sodium 
hydroxide. Solution in sulphuric acid blue, 
giving a bluish-black precipitate on dilution. 

References as for Hessian Yellow. 


Stilbene Colouring Matters. 

The colouring matters which have hitherto 
been classified under this head are produced by 
alkaline condensation and oxidation of p-nitro- 
toluenesulphonie acid under various conditions. 
They have generally been considered to be 
nitroso- or azoxy- stilbene derivatives, but the 
recent researches of A. G. Green and his colla¬ 
borators have shown that all tho colouring 
matters of this group must be regarded as azo¬ 
dyes (Chem. Soc. Trans. 1904, 85, 1424, 1432; 
1906, 89, 1602 ; 1907, 91, 2070 ; 1908, 93, 1721 ; 
J. Soc. Dyers, 1907, 23, 162). The first action 
of alkali hydroxide on p-nitrotoluenesulphonic 
acid leads to the formation of a dinitrosostilbenc- 
disulphonic acid, one molecule of which is oxi¬ 
dised at’ tho expense of a second molecule, and 
the remaining two nitrogen atoms of two mole¬ 
cules combine to form an azo- group m a 
distilbene molecule: 

’ CH-C a H 3 (S0 8 H)-N0 

2 II -» 


CH-C 6 H 8 (SOjH)*NO 

CH'0,H j (S0,H)-N- = :-::J-C,H 3 (S0 3 H)-CH 


CH'C,H,(SO,H)-NOj N0 s -C,H 3 (S0 3 H)CH 
The equation represents the formation of tho 
greenest yellow of the series (stilbene yellew 
oG : see below). The redder yellowB and oranges 
may be regarded as formed therefrom by the 
reduction of the two nitro- groups, first to an 
azoxy. and finally to an azo- group. 

Sun Yellow (G.) (K. S.) ; Afghan Yellow (H.); 
Cureumlne S (L.) (A.); Direct Yellow 1 (P.) ; 
Aaidlne Fait Yellow G (C. J.) ; Direct Yellow RT 
(«. Co.) ; Direct Yellow F (Sch.); Direct Yellow 


(the colouring matter being, of course, the 
sodium salt). 

Aqueous solution is brownish-yellow. Solu¬ 
tion in sulphuric acid is violet, becoming yellow 
on dilution. 

Literature. —E. P. 4387 of 1886; D. R. P. 
38735; F. P. 175630; A. P. 360553; Bull. 
Mulhouse, 1887, 99; Ber. 1886, 19, 3234. 

Naphthamine Yellow G (K.); Direct Yellow 
R (By.); Renol Yeflow R (T. M.). Prepared as 
above, but the temperature of the reaction 
is 60°-85°. Reddish-yellow aqueous solution 
gives brown precipitate with excess of hydro¬ 
chloric acid and a yellow precipitate with 
sodium hydroxide. Solution in sulphuric acid 
is clierry-red, becoming yellow on dilution. 

Literature. —E. P. 23072 of 1892; D. R. P. 
711241; F. P. 22te; Ber. 1893, 2(1, 2233; 
1895, 28, 2281. 

Mikado Yellow (A.); Mikado Yellow G (L.) ; 
Mikado Gold Yellow 2 G, 4 G, 0 G, 8 G (L.); 
Naphthamine Yellow 2 G, 3 G (K.); Renol 
Yellow 2 G (T. M.); Dlanil Direct Yellow S 
(M.); Formal Yellow (G.) ; Stilbene Yellow 3 G 
(B.) ; Paper Yellow (M.). Prepared by treating 
the products of condensation of p-nitrotoluene- 
sulphomc acid and sodium hydroxide with 
oxidising agents. Yellow aqueous solution 
gives a brownish-yellow precipitate with hydro¬ 
chloric acid, and yellow solution or precipitate 
with sodium hydroxide. Solution in sulphuric 
acid is orange to red, becoming yellow on 
dilution. 

Literature.— E. P. 23672 of 1892; D. R. P. 
42466; F. P. 226635; Ber. 1893, 26, 2234; 
1897, 30, 2618, 3097 ; 1898, 31, 354, 1078. 

Stilbene Yellow G, 4 G, 6 G, 8 G (Cl. Co.). 
The constitution of the last brand has already 
been given. The colouring matters are alkaline 
condensation products of dmitrodibenzyldisul- 
phonic acid, and dinitrostilbenedisulphonic acid. 
Solution in sulphuric acid is orange to yellowish- 
red, becoming yellow on dilution. 

Literature. —E. P. 5351, 21553, 21399, of 
1897 ; 3393 of 1898; D. R. P. 96107, 113513, 
113514; F. P. 272384, 273018, 273037 ; Ber. 
1897, 30, 3097 ; 1898, 31, 1087. 

Diphenyleltronlne G (G.). Prepared by con¬ 
densing dinitrodibenzyldisulphonic aoid with 
aniline in presence of sodium hydroxide or by 
condensing similarly dinitrostilbenedisulphonio 
acid. Yellow aqueous solution gives a brownish- 
yellow precipitate with hydroonloric acid, and 
an orange-yellow one with sodium hydroxide. 
Solution in sulphuric acid is orange, giving a 
brownish-yellow precipitate on dilution. 

Literature. —E. P. 18990, 21399, 21553 of 
1897 ; D. R. P. 101760, 113514; F. P. 269466, 
273018; A. P. 613911. 

Diphenyl. Fast Yellow (G.). Prepared by 
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condensing dinitrodibenzyldiaulphonic acid or 
dinitrostilbenedisulphonic acid with primuline 
or dehydrothio-p-toluidinesulphonio acid ’in 
presence of sodium hydroxide. Yellow aqueous 
solution gives,a brownish-orange yellow precipi¬ 
tate with hydrochloric acid, and an orange- 
yellow one with sodium hydroxide. Solution 
in sulphuric acid is red, giving a brownish- 
yellow precipitate on dilution. 

Literature. —E. P. 18990, 21399, 21553 of 
1897; D. R. P. 100513, 113514; F. P. 259405, 
273018. 

Mikado Brown B, 3 GO, M (L.). Prepared 
*by the action of alkalis on p-nitrotolucnesul- 

S honic acid in presence of oxidisable substances. 

rown aqueous solution gives a brown pre¬ 
cipitate with hydrochloric acid. Solution in 
sulphuric acid is violet-black, giving a brown 
precipitate on dilution. 

Literature. —E. P. 2664 of 1888; D. R. P. 
46252, 48528; F. P. 189697; A. P. 395115, 
396527. 

Mikado Orange G to 5 R (L.) ; Naphthamine 
Orange 2 R (K.); Direct Orange G (G.); Chlor¬ 
amine Orange G (By.); Stilbene Orange 4 R 

(Cl. Co.); Stilbene Yellow 3 G (B.). Prepared 
by the same reaction as the preceding, and 
by the action of alkaline reducing agents on 
direct yellow. Orange-yellow aqueous solution 
gives a dark-brown precipitate with hydro¬ 
chloric acid, and an orange one with sodium 
hydroxide. Solution in sulphuric acid is violet 
to blue, giving a brown precipitate on dilu- j 
tion. 

Mikado Orange 3 RO (L.) has the constitu- ! 
tion 


CH-C 8 H 3 (S0 3 R) N : N-C,H 3 (S0 8 H) CH 

ii ii 

CH-C,H,(S0 8 1I)-N: N-C,H,(SO,H)-UH 


Brands 4 RO and 5 RO are redder shades. 

Literature. —E. P. 2664 of 1888 ; 1). R. P. 
46252, 48528, 96929; F. P. 189697; A. P. 
395115, 396527 ; Ber. 1893, 26, 2233 ; 1895, 28, 
2281. 

Polychromine B (G.); Fast Cotton Brown R 
(G.); Direct Brown R (G.). Prepared by 
boiling equal molecules of p-mtrotoluenesul- 
phonic acid and p-phenylenediamine with 
sodium hydroxide. Orange-brown aqueous 
solution gives a blue-black precipitate with 
hydrochloric acid. Solution in sulphuric acid 
is reddish-violet, giving a bluish-black precipi¬ 
tate on dilution. 

Literature. —E. P. 16671 of 1890; D. R. P. 
59290; F. P. 208626 ; A. P. 455952. 

Diphenyl Orange RR (G.) ; Azidine Orange D 
2 R (C. J.). Prepared by condensing 2 mols. of 
p-nitrotoluonesulphonio acid with 2 mols. of 
p-phenylenediamine in presence of concentrated 
aqueous sodium hydroxide. Orange - yellow 
aqueous solution gives a bluish-black precipitate 
with hydrochloric acid, and an orange one with 
sodium hydroxide. Solution in sulphuric acid 
is red, giving a bluish-black precipitate on 
dilution. 

Literature.— E. P/6651 of 1899; D. R. P. 
appl. G. 13069 ; F. P. 286620; A. P. 636065. 

ChlQAgO Orange G (G.). Prepared by con¬ 
densing p-nitrotoluenesulphonic acid with benzi¬ 
dine in presence of sodium hydroxide. Orange- 
yellow aqueous solution gives a brown precipi¬ 


tate with hydrochloric aoid, and an orange-brown 
one with sodium hydroxide. •Solution in sul¬ 
phuric acid is violet, giving a brown precipitate 
on dilution.* 

Literature. — E. P. 788 of 1893; D. R. P. 
75326 ; F. P. 227271. - 

Arnica Yellow (G.). Prepared by condensing 
p-nitrotoluenesulphonic acid with p-amino- 

{ jhenol in presence of boiling aqueous sodium 
lydroxide. Brownish-yellow aqueous solution 
gives a brownish-black precipitate with hydro¬ 
chloric acid. Solution in sulphuric acid is 
violet, giving a dark-brown precipitate on 
dilution. 

JAterature. —F. P. 222554. 

Diphenyl Chrysoine G (G.). Prepared by 
ethylating the preceding. The constitution is 
probably • 

CH-C,H 3 (S0 3 Na)-N: NC,H 4 OC„H 6 . 

II 

CH*C e H 3 (SO ,Na) *N: NC e H 4 0-C 8 H 5 

Golden-yellow aqueous solution gives a blackish- 
brown precipitate with hydrochloric acid, and an 
orange one with sodium hydroxide. Solution 
m sulphuric acid is violot-red, giving a blackish- 
brown precipitate on dilution. t 

Literature. —E. P. 6651 of 1899 ; D. R. P. 
appl. G. 7525, 13069; F. P. 286620; A. P. 
636065. 

Diphenyl Chrysoine RR (G.). Prepared by 
diazotising diphenyl orango RR (G.), combining 
the diozo- compound with phenol and ethylating 
the product. Reddish-orange aqueous solution 
gives a blackish-brown precipitate with hydro¬ 
chloric acid, and a reddish-brown one with 
sodium hydroxide. Solution in sulphuric acid 
is pure blue, giving a brownish-black precipi¬ 
tate on dilution. 

Literature. —E. P. 6651 of f&99; D. R. P. 
117729; F. P. 286620; A. P. 644462. 

Diphenyl Fast Brown G (G.). Prepared as 
the preceding, but the diazo- compound is com¬ 
bined with 7-phenylamino-a-naphthol-3-sul- 
phonie acid. The dark yellowish-brown aque¬ 
ous solution gives a blackish-k-own precipitate 
with hydrochloric acid, and a dark-brown one 
with sodium hydroxide. Solution in sulphuric 
acid is dark blue, giving a blackish-brown 
precipitate on dilution. 

References as above. 

Diphenyl Catechine G (G.). Prepared as 
above, but the diazo- compound is combined 
with 7 - dimcthylamino - a - naphthol-3-sulphonio 
acid. Yellowish-brown aqueous solution gives 
a dark-brown precipitate with hydrochloric aoid, 
and a brown one with sodium hydroxide. 
Solution in sulphuric acid is blackish violet-blue, 
giving a blackish-brown precipitate on dilution. 
References as above. 

Curcuphenine (Cl. Co.). Prepared by con¬ 
densing p-nitrotoluenesulphonio acid with de- 
hydrothio-p-toluidinesulphonic acid in presence 
of very dilute aqueous sodium hydroxide. 
Yellow aqueous solution gives a brown precipi¬ 
tate with hydrochloric acid. The solution in 
sulphuric acid is red, giving a brownish-yellow 
precipitate on dilution. 

Literature.— E. P. 12922 of 1896; *D. R. P. 
99575 ; F. P. 264755, 

Chlorophenine Orange (various marks) (Cl. Co.) 
are reduction products of the preceding. 
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IV. Teisazo* Colouring Matters, 

These colours, as their name implies, contain 
three azo-groups. • 

Janus Brown B (M.) : 

N(CH 3 ) 3 CI'O,H 4 -N,C 10 H a N 2 C 4 H a (NH 2 VN a C d H 5 
Prepared by combining diazotised m-amino- 
phenyltrimethylammoniura chloride with a- 
naphthylamine, diazotising the product and 
combining with chrysoidine. Aqueous solution 
is brown, giving a solublo brown precipitate with 
hydrochloric acid or sodium hydroxide. Solu¬ 
tion in sulphuric acid is dark grocn, becoming 
brown on dilution. 

Literature. —E. P. 9343 of 1890; I). R. P. 
95530. 

Janus Brown R (M.) is prepared from diazo¬ 
tised p-aminobenzyldiethyiamine and a-naph- 
thylamine, the product being diazotised and 
Combined with chrysoidine, resorcinol, or m- 
phenylonediamine. Reactions are similar to 
those given by the preceding colour. 

Literature. —E. P. 19970 of 1890; D. R. 1'. 
99127; F. P. 250150; A. P. 010345; see also 
I). R. P. 93499, 100420; F. P. 204579; A. P. 
002038, 602039, 002040, 623697, 020913. 

Melogene Blue BH (K. S.); Diamine Beta 
Black (0.). 


r ^C 8 H 8 -N t -C J0 H 3 (SO 3 H) a (OH)-NH 
«\U ia H 8 -N 2 -C 1(1 H 3 (S0 3 U) 2 (()H)NH 3 


Tetrazotised benzidine is combined with 1 mol. 
of p-xylidine, the product diazotised and com¬ 
bined with 2 mols. of 8-amino-a-naphtkol-3 : 0- 
disulphonic acid (H-acid). The violet-blue 
aqueous solution gives a violet precipitate with 
hydrochloric acid, and becomes violet with 
sodium hydroxide. The solution in sulphuric i 
acid is blue, giving a bluish-violet precipitate 
on dilution. * 

Literature. —E. P. 28810 of 1896; F. P. 
262109 ; A. P. 591010. 

Diazo Blue Black RS (By.): 


N 


^C, 0 H 8 -N 2 -C 10 H 3 (SO a H) 8 (OH)-NH 

*\.C 13 H 8 -N 2 -0 ]0 H 3 (SO 3 H) 3 (OH)-NR 


a 

2 


Tetrazotised benzidine is combined with 1 mol. 
of a-naphthylamine, the product diazotised and 
combined with 2 mols. of H-acid. The dark 
blue aqueous solution gives a blue precipitate 
with hydrochloric acid, and becomes redder with 
sodium -hydroxide. The solution in sulphuric 
acid is dark bluish-green, giving a blue precipitate 
on dilution. 

Direct Black V and RR (P.) are analogous 
colours derived from benzidine, 8-amino-a- 
naphtholsulphonie acid, a primary amine, and a 
m-aiamine. 


Benzo Gray S extra (By.): 



The colouring matter from tetrazotised benzidine 
and 1 mol. each of salicylic acid and a-naphthyl¬ 
amine i 8 diazotised and combined with a-naph- 
fchol-4-sulphonic acid. The Bordeaux-brown 
aqueous eolution gives a black precipitate with 
hydrochloric acid. The solution in sulphuric 
acid is blue, giving a black precipitate on 
dilution. 

Literature. —E. P. 13235 of 1890; D. R. P. 
57331; F. P. 187305. 


Benzo Olive (By.): 

j|tlg JN 2 U 3 tt 3 (OU 3 xl) un 


Prepared as the preceding | exoepfc that 8-amino- 
a-naphthol-3:0-disulphomo acid (H-acid) is 
used as the end component. The dark moss- 
green aqueous solution gives a blackish-grey 
precipitato with hydrochloric acid, and becomes 
dark brown with sodium hydroxide. Solution 
in sulphuric acid is violet, giving a greenish- 
black precipitate on dilution. 

Literature.— E. P. 3439 of 1891; D. R. P. 
05480 ; F. P. 187365. 

Congo Fast Blue R (A.); Benzo Fa e t Bine R 

(By.) * 


N 


^C 10 H fl -N 2 -C l0 H 4 (SO 3 H) 2 -OH 

3 ‘\O 14 H 12 -N 2 C 10 H 4 (SO 3 H) 2 -OH 


Tolidine is tetrazotised and combined with 
1 mol of a-naphthylamine, the product diazo¬ 
tised and combined with 2 molR. of a-naphthol- 
3 : 8-disulphonic acid (f-acid). The blue aqueous 
solution is precipitated with acids or alkalis. 
The solution in sulphuric acid is blue, giving a 
blue precipitate on dilution. 

Literal uie, —E. P. 6932 of 1890; D. R. P. 
60921 ; F. P. 205015. 

Benzo Black Blue R (By.): 


N yO lo »,- N 2 -C I0 H 5 (SO 3 H)-OH 
a ^U 14 H ia N a 0 10 H B (SO 3 H)-OH 
Tolidine is tetrazotised and combined with 
1 mol. of a-naphthylamine and the intermediate 
product diazotised and combined with 2 mols. 
of a-naphthol-4-sulphonic acid. Bluish-violet 
aqueous solution gives a violet precipitate with 
hydrochloric acid. Solution in sulphuric acid 
is blue, giving a bluish-violet precipitate on 
dilution. 

Literature. —E. P. 16484 of 1887; F. P. 
187305; A. P. 440039. 

Benzo Indigo Blue (By.): 

N ^C l0 H 8 'N 2 -C 10 H 4 (SO 3 H)(OH) a 
JN 3 s \C 14 H 12 -N a -C 10 H 4 (SO 3 H)(OH) a 
The same intermediate tetrazo-compound as 
above is combined with 2 mols. or 1 :8-di- 
hydroxynaphthalene-4-siilphonic acid (S-acid). 
The violet aqueous solution gives a bluish-violet 
precipitate with hydrochloric acid, and becomes 
reddish-violet with sodium hydroxide. Solution ' 
in sulphuric acid is greenish-blue, giving a violet- 
blue precipitate on dilution. 

Literature. —E. P. 13065 of 1889; D. R. P. # 
57912; F. P. 200520 ; A. P. 501118. 

Congo Fast Blue B (A.); Benzo Fast Blue B 
(By.): 

N /C 10 H fl -N 2 -C, 0 H 4 (S() 3 H) a -OH 

^ av \C 14 Hi a O a , Iv a , C 10 H 4 (SO 3 H) a , OB[ 


Dianisidine is tetrazotised and combined with 
1 mol. of a-naphthylamine and the intermediate 
product diazotised and combined with 2 molfl. 
of a-naphthol-3:8-disulphonio acid (t-acid). 
Blue aqueous solution giveB a blue precipitate 
with acids or alkalis. Solution in sulphuric 
acid is cornflower blue, giving a blue preoipitate 
on dilution. 

Literature. —E. P. 6932 of 1890; D. R. P. 
57444 ; F. P. 205615. 

Columbia Black FB and FF extra (AA; 
Azidine Black IT (C. J.); Titan Btoka ftt); 
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Dl&nol BUok FB. FF (Lev.); Panama Black R, F 
(Sch.); Patent Dianil Black FF extra (M.): . 

N ><.C J 0 H 4 (SO 8 S)( 6 H)-k 8 *C # H a (NH 2 ) 8 
p-Aminoacetanilide is diazotised and combined 
with 7-amino-a-naphthol-3-sulphonio acid ( 7 - 
acid), the product saponified with sodium 
hydroxide, the resulting diamino-compound 
totrazotised and combined first with 1 mol. of 
a-naphthylamine- 6 - (or 7)-sulphonic acid (Cleve’s 
acids) and then with 1 mol. of ro-phenylenedi- 
amine. The aqueous solution is violet-black, 
’and is precipitated by acids or alkalis. Solution 
in sulphuric acid is blue, giving a precipitate 
on dilution. 

Literature. —E. P. 12804 of 1000; 3>. R. P. 
131986, 131987 ; F. P. 302499 ; A. P. 679221. 

Direct Black BMP (P.) has the same or a very 
similar constitution, and dyestuffs belonging to 
the same class are Carbon Blacks (various marks) 
(It.), and Naphthamine Direct Blacks FF, B, 
FG and CS (K.). They are of the type described 
inD. R. P. 126671, viz. pnitroanilino-o-sulphonic 
acid is diazotised and combined with Cleve’s 
acids, the product reduced, tetrazotised and 
combined with 2 mols. of a meta-diamine. 

Titan Black J (H.): 

w ^'O < H 4 *N B -C 10 H 6 (SO 8 H)-NH 2 

N *'\C 10 H 4 (SO 8 H)(OH)-N 2 -C 8 H 3 (NH 2 )j 
. p-Aminoacetanilide is diazotised and combined 
with 6-amino-a-imphthol-3-sulphonic acid («T- 
acid), the product saponified, tetrazotised, and 
combined with ,1 mol. each of a-naphthylamine- 

6 - (or 7)-sulphonic acid (Cleve’s acids) and m- 
phenylenediamine. 

Oxydiamlne Black N (C.): 

u ^C 6 H 4 -N a U 10 H 4 (S0 3 H)(OH)NH a 

M *<vC 10 H 4 (SO 8 H)(OH)-N 2 -C (1 H 3 (NH 2 ) 2 
Prepared like Columbia black FB, except that 

7- amino-a-naphthol-3-sulphonic acid ( 7 -acid) is 
used instead of Clevo’s acid. Blue-black aqueous 
solution gives a black-violet precipitate with 
hydroohloric acid, and a red-violet one with 
sodium hydroxide. Solution in sulphuric acid 
is greenish-blue, giving a violet-black pre¬ 
cipitate on dilution. 

Literature— A. P. 626763. 

Isodiphenyl Black R (G.): 

vr ^C 6 H 4 -N*-C fl H 8 (OH ) 2 

N >\C 10 H 4 (SO 3 H)(OH)N 2 -O e H 3 (NH 8 ) 8 

• Prepared as Columbia black FB, except that 
resorcinol is used instead of Cleve’s acid. Violet- 
black aqueous solution gives a black precipitate 
with acids or alkalis. Solution in sulphurio 
aoid is blackish-blue, giving a black precipitate 
on dilution. 

Literaturr.-E. P. 20278 of 1897; F. P. 
270161; A. P. 616497. 

Direct Black V (K. S .); Dlazo Direct Black 
(Wieeoher & Co.): 

w ^ 10 H i (SO i H) 1 (OH) N | C 10 H 8 *NH 1 

7-Amhio-a*naphthol-3 : 6 -disulphonio acid (2 R- 
acid) is diazotised and combined with 1 mol. of 
a-naohthyUmine in aoid solution. * The mono- 
azo-dyestuff is then dissolved by adding sodium 
hydroxide and tetrazotised benzidine added, the 
combination being effected in presence of sodium 


carbonate. To this intermediate product is then 
added 1 mol. of 7-amino-a-imphtnol-3-sulphonic 
acid ( 7 -aqd). Violet-black aqueous solution 
gives a blue-black precipitate with hydrochloric 
aoid, and becomes reddish-violet with sodium 
hvdroxide. Solution in sulphuric a^id is 
blue, giving a blue-black precipitate on dilution. 

Literature. —E. P. 15294 of 1896; D. R. P. 
109161 ; F. P. 256950 ; A. P. 601033. 

Direct Indone Blue R (K. S.): 

N /-O 10 H 8 (SO a H) 2 (OH) N a -C 10 H 8 -NH t 
iN 2 ‘\c I 2 H s -N 2 U 1 oH 8 (S 0 3 H) 2 (OH)-NH a 

Prepared as the preceding, except that 8 -amino- 
a-naphthol-3: 6 -disulphonic acid (H-acid) is 
used as the end-component. Blue-black aque¬ 
ous solution gives a dark-blue precipitate with 
hydrochloric acid, and bocomes violet *with 
sodium hydroxide. Solution in sulphuric acid 
is blue, giving a dark-blue precipitate ofc 
dilution. 

References as above. 

Diamine Bronze G (0.): 
N ^C, 0 H 3 (SO J H) ! (OH)’N 1 «,H ! (NH 8 ) a 

The dyestuff from tetrazotised benzidine and 
1 mol. each of salicylic acid and 8 -amtno-a- 
naphthol-3 : 6 -disulphonic acid (H-acid) is diazo¬ 
tised and combined with 1 mol. of m-phenylene- 
diamino. The chocolate-brown aqueous solu¬ 
tion gives a purple-brown precipitate with hydro¬ 
chloric acid, and becomes yellower with sodium 
hydroxide. Solution in sulphuric acid is bluish- 
violet, giving a black precipitate on dilution. 

Literature.— E. P. 6972 of 1891 ; D. R. P. 
75762 ; F. P. 201770. 

Trisulphone Browns B, G and GG (K. S.). 
These are constituted similarly to the preceding, 
except that 7 - amino - a - naphfrhol -3:6- disul- 
phonic acid (2 R-acid) is employed instead of 
H-acid. The diamines used are benzidine 
(for B), tolidine (for G), and dianisidine (for GG). 
Each brand gives a brown solution in water, 
which yields a blackish-brown precipitate with 
hydrochloric acid, and become^ red with sodium 
hydroxide. The solution in sulphuric acid is 
bluish-violet, giving a dark-brown precipitate 
on dilution. 

Literature. —E. P. 5746 of 1898 ; D. R. P. 
114638 ; F. P. 275733 ; A. P. 608024. 

Chlorazol Deep Brown B (H.): 

„/C, 0 H s (SO s H) 1 (OH)-N 2 -C I H t (NH > ), 

Benzidine is totrazotised and combined with 
1 mol. each of salicylic acid and 7-amino-a-naph- 
thol-3 : G-disulphonio acid (2 R-aoid), the pro* 
duot being diazotised and combined with m- 
tolylenediamine. 

Columbia Blaok R (A.): 


N »VC u H 11 -N ! -C,b s (NH,), 


Tolidine is tetrazotised and combined with 1 mol. 
each of 7-amino-a-naphthol-3: 0 -disulphonio 
aoid (2 R-acid and m-tolylenediamine, and the 
product is diazotised and combined with m- 
tolylenediamine. Brown-blaok aqueous solu; 
tion gives a blaok precipitate with hydrochloric 
acid, and becomes, brown with sodium hy¬ 
droxide. Solution in sulphurio aoid is pure blue, 
giving a violet-black precipitate on dilution. 
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Literature.— E. P. 14895 of 1893; D. R. P. 
102815 ; F. P. 331976. 

Columbia Black B (A.); Titan Black M (H.); 
Direct Blue Black B, 2 B (By.). Prepared as the 
preceding, except that diarusidine is used instead 
of benjsidme. The violet-black aqueous solution 
gives a dark flocculent precipitate with hydro¬ 
chloric acid, and becomes reddish-violet with 
sodium hydroxide. Solution in sulphuric acid 
is blue-black, giving a violet-black precipitate on 
dilution. 

Literature. —E. P. 14895 of 1893; D. R. P. 
111744; F. P. 231976. 

Columbia Blacks 2 BX and 2 BW (A.) belong 
to the same class. 

Benzo Black Blue G (By.): 


ft /C J 0 H # -N 2 -O, 0 H 6 (,SO 3 H) OH 
^* \C,«H fl (SC) a H) ,N-•( ■, a H 


,(SOoH)«OH 


Benzidinedisulphonic acid is tetrazotised and 
combined with 1 mol. of a-naphthylammo, the 
product diazotised and combined with 2 mols. 
of a-naphthol-4-sulphonic acid. The blue-black 
aqueous solution gives a black-blue precipitate 
with hydrochloric acid, and becomes blue with 
sodium hydroxide. The solution in sulphuric 
acid.is blackish-green, giving a blackish-blue 
precipitate on dilution. 

Literature. —E. P. 16484 of 1887; I). R. P. 
44779; Ber. 1889, 22, 3463. 

Benzo Black Blue 5 G (By.). As the pre¬ 
ceding, except that 1 : 8 -dihydroxynaphthalcno- 
4-sulphonic acid is used instead of a-naphthol- 
4-sulphonie acid. The blaclush-blue aqueous 
solution gives a dark grconish-blue precipitate 
with hydrochloric acid. The solution in sul¬ 
phuric acid is black-green, giving a dark greenish- 
blue precipitate on dilution. 

Columbia Green (A.); Direct Green CO (L.): 
N t -C 18 H a -N a -C 6 H 3 ((:0 2 H)'0H 

<Lh s (S0,H)(01I)-NH, 

Benzidine is tetrazotised and combined with 
1 mol. of salicylic acid, and the intermediate 
product is combined in alkaline solution with 
the product of the action of diazotised sul- 
phanilic acid on 8-amino-ft-naphthol-5-sulphonic 
acid (S-acid) in acid solution. The green 
aqueous, solution gives a green precipitate with 
hydrochloric acid, and becomes greenish-black 
with sodium hydroxide. The solution in sul¬ 
phuric acid is blue-violet, giving a green pre¬ 
cipitate on dilution. When diazotised aniline 
is used instead of diazotised sulphanilic acid 
in the above, Columbia Black Green D (A.) is 
produced. 

Literature. —D. R. P. appl. A. 3574. 

Diamine Green B (C.); Diano! Green B 
(Lev.); Renol Green B (T. M.); Direct Green 
BN (F.) ; Azidlne Green 2B (C. J.); Dianil 
Green B (M.); Alkali Green (1).); Oxamlne 
Green B (B.): 


N,-C 1 # H 8 -N a C # H 4 OH 

i 10 H f (SO,H),(OH)-NH l 

Prepared in a similar manner as the preceding. 


Tetrazotised benzidine is combined with 1 mol. 
of phenol and the product is combined with the 
azo-colour from diazotised p-nitroaniline and 
8-amino-a-naphthol-3 : 6 -disulphonic acid (H- 
acid). Dull-green aquequs solution gives a 
bluish-black precipitate with hydrochloric acid, 
and becomes yellower with sodium hydroxide. 
Solution in sulphuric acid is violet, giving a 
black precipitate on dilution. 

Literature. —E. P. 15725 of 1891 ; D. R. P. 
60351; F. P. 201770; A. P. 514599. 

Dianline Green G ((•.); Chlorazol Green G 
(11.); DIanol Green G (Lev.); Azidlne Green 
2 G (C. J.); Alkali Green D (D.); Dianil 
Green BBN, G (M.); Benzoin Dark Green (B. K.); 
Erie Direct Green MT, BT (Sell.); Oxamine 
Green G (B.). Prepared as the preceding, except 
that salicylic acid is used instead of phenol. 

Reactions and literature as above. 

Eboli Green (various marks) (L.). Tetrazo¬ 
tised benzidine combined with 1 mol. of salicylic 
acid is combined with the product of the action 
of diazotised sulphanilic acid on 8 -amino-a- 
naphthol-4 : G-disulphonic acid. 

Literature .—E. P. 19253 of 1895; D. R. P. 
appl. F. 8026 ; A. 1‘. 606439. 

Diphenyl Green G (G.). Prepared like 
diamine green B (above), except that o-chloro- 
/i-nitroaniline is used instead of p-nitroaniline. 
The reactions ar <5 also similar to those given by 
this colour. 

Literature. —A. P. 628233. 

Diphenyl Green 3 G (G.). Prepared like 
diamine groen G, o-chloro-p-nitroaniline being 
used instead of p-nitroaniline. The green 
aqueous solution gives a green precipitate with 
hydrochloric acid, and becomes duller with 
sodium hydroxide. Solution in sulphuric acid 
is reddish-violet, giving a green precipitate on 
dilution. 

Reference as the preceding. 

Chloramine Green B (K. S.). Prepared like 
diamine green B, 2 : 5-dicliloroaniline being used 
instead of p-nitroaniline. The green aqueous 
solution gives a violet-black precipitate with 
hydrochloric acid, and becomes black-green 
with sodium hydroxide. Solution in sulphuric 
acid is violet, giving a violet-black precipitate 
on dilution. 

Literature .—E. P. 8503 of 1899; D. R. P. 
112820; F. P.287971 ; A. P. 627679. 

Chloramine Black N (K. S.). Tetrazotised 
benzidine is combined with 1 mol. of ro-phenylene- 
diamine and the product combined with the # 
azo-colour from diazotised 2 : 6 -dichloroaniline 
and H-acid. The dark bluish-green aqueous 
solution gives a blue precipitate with hydro¬ 
chloric acid, and a bluish-green precipitate with 
sodium hydroxide. Solution in sulphuric acid 
is blue, giving a blue precipitate on dilution. 
Chloramine Bine HW (K. 8 .): 

N a -C ia H 8 -N a -C 10 H 4 (SO 3 H)(OH)-NH 4 

i 10 H,(SO a H),(OH)'NH, 

if.-c.H.a, • • 

Tetrazotised benzidine is combined with 1 mol. 
of y-acid ii» alkaline solution and then, also in 
alkaline solution, with the product of the action 
of diazotised 2:5-diehloroaniline on H-acid 
(l mol.) in acid solution. 
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Chloramine Blu«8G(K. S.): 

N,-C 1 ,H,-N > -C 10 H a (SO,H),(OH)-NH, . 

d.oH^SOaHWOHJ-NH,, 

ija-C.Hja, 

Tetrazotised benzidine is combined with 1 mol. 
of 8-amino-a-naphthol-3 : 6 -disulphonic acid (H- 
acid) and then with 1 mol. of H-acid to which 
has been addod 1 mol. of diazotised dichloro- 
aniline in acid solution. 

References for the last two colours as for 
ohloramine green B. 

Erie Direct Black GX (Sch); Renol Black G 
(T. M.) ; Patent Dianil Black EB (M.); Union 
Black (By.); Direct Deep Black EW (By.); 
Cotton Black RW (B.): 

N ^C, 0 H 2 (SO 3 H) 2 (OH)(NH 2 )-N a -C 8 H 6 

JN *\C 12 H 8 -N a -C fl H 3 (NH 2 ) 2 


Tetrazotised benzidine is combined with 1 mol- 
of H-acid in acid solution, altar making alkaline 
1 mol. of diazotised aniline is added, and then 
1 mol. of m-phcnylenediamine. When m- 
tolylenediamine is used in the last combination 
the colour is known as Erie Direct Black RX 
(Sch.); Renol Black R (T. M.) ; Patent Dianil 
Black EBV (M.) ; Direct Deep Black RW (By.); 
Cotton Black E (B.). The aqueous solutions of 
both dyes become violet with hydrochloric acid 
and blue with sodium hydroxide and the sul¬ 
phuric acid solutions are violet blue. With 
phenol as end component Erie Direct Green ET 
(Sch.) is obtained. The green aqueous solution 
becomes blue with hydrochloric acid and greenish 
black with sodium hydroxide. The solution in 
sulphuric acid is bluish-green, becoming blue 
on dilution. 

Literature.— E. P. 12305 of 1902 ; D. R. P. 
153557 and appl. A. 8974 ; F. P. 321626 ; A. P. 
088478, 717550. 

Diamine Black HW (0.); Ingrain Black G 
(H.); Naphthamine Black H (K.) ; 


N a -C 12 H 8 -N 2 -C 10 H i (SO 8 H)(OH)-NH 2 

dl 10 H s {SO,H) a (OH)-NH a 

N a -C l H.-NO a 


Prepared like diamine green B (above), except 
that 7-amino-a-naphthol-3-sulphonic acid ( 7 - 
acid) is used instead of phenol. Blackish-blue 
aqueous solution gives a blue precipitate with 
hvdrochlorio acid. Solution in sulphuric acid is 
blue, giving a blue precipitate on dilution. 

Literature.— E. P. 15725 of 1891; D. R. P. 
66351, 70393 ; F. P. 201770; A. P. 514599. 

Dlanil Black R (M.): 

N 8 -C ia H 8 *N 8 -C 6 H 8 (NH 2 ) a 

<i 10 H a (SO a H) a (OH) a 

i a -C 10 H,-SO,H 

Tetrazotised benzidine is combined with 1 mol. 
of tn-phenylenediamine and then with 1 mol. of 
1:8- dihydroxynaphthalene-3 : 6 - disulphonio 
acid (ohromotrope aoidj, to which has been added 
1 mol. of diazotised naphthionio .acid. The 
reddish-violet aqueous solution gives a precipi¬ 
tate With hydrochloric acid, and beoomes blue 
with sodium hydroxide. Solution in sulphurio 


acid is dark blue, giving a reddish-violet pre¬ 
cipitate on dilution. , 

Literature. —D. R. P. 89285. 

Congo Brown G (A.) (Lev.); Naphthamine 
Brown 4 G (K.) ; Benzoin Brown C (B. K.); 
Direct Brown GR (Sch.): 

N a C ia H,N a C I H a (CO a H)OH. 

<U.(OH) a 

! 

N a C.H a SO a H 

The dyestuff from tetrazotised benzidine, 
salicylic acid and resorcinol is treated with 
diazotised sulphanilic acid or the intermediate 
product from totrazotised benzidine and 1 mol. 
of salicylic acid is combined with 1 mol. of 
resorcinol to which 1 mol. of diazotised sulphan¬ 
ilic acid has bocn added. The red aqueous 
solution gives a brown precipitate with hydro¬ 
chloric acid. Solution in sulphuric acid is 
reddish-violet, giving a reddish-brown pre¬ 
cipitate on dilution. 

Literature .—ft. P. 10653 of 1888; 1). R. P. 
46328, 46501; F. P. 192331 ; A. P. 399581. 

Congo Brown R (A.) (Lev.): 


N a -C 12 H 8 *N a *C a H 3 (CO a H)-OH 

I 

CjHjfOII), 

I 

N a -C 10 H,-SO,H 


Prepared as the preceding, except that a-naph- 
thylamine-5-sulphonic acid (Laurent’s acid) is 
used instead of sulphanilic acid. Reactions and 
references as tho preceding. 

Benzamlne Brown 3 GO (D.) is prepared as 
Congo brown G, except that m-phenylenediamine 
is used instead of resorcinol. The reddish- 
yellow aqueous solution gives a brown precipi¬ 
tate with hydrochloric acid* and becomes 
brownish-yellow with sodium hydroxide. 
Solution in sulphuric acid is brownish-violet, 
giving a brown precipitate on dilution. 

Azo Corinth (O.): 


N a -C 14 H l 8 -N a -C 8 H 2 (g0 3 H)(0H) , NH t 

d,H a (OH) a 

N a -C 10 H a -SO a H 

Tetrazotised tolidine is combined with 1 mol. 
of 3-aminophenol-6-sulphomc acid (acid III.) 
and 1 mol. of resorcinol, and the colouring matter 
so obtained is treated with 1 mol. of diazotised 
naphthionio acid. Reddish-brown aqueous solu¬ 
tion gives a reddish-brown precipitate with 
hydrochloric acid, and is turned bluish-red with 
sodium hydroxide. Solution in sulphurio acid 
is bluish-violet, giving a reddish-brown precipi¬ 
tate on dilution. 

Literature—E. P. 13402 of 1893; D. R. P. 
71182; A. P.516381. 

V. Tetrakisazo- Colouring Matters. 

These contain four azo-groups. 

Benzo Brown G (By.) (Marden, Orth and 
Hastings Corporation): 


U 8 a *\N 2 -C 8 H 2 (NH 2 ) 2 N a -C 8 H 4 -S0 8 H 


Prepared by the action of diazotised sulphanilio 
aoid (2 mbls.) on Bismarck brown (1 mol,). 
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Reddish-brown aqueous solution gives a brown 
precipitate with hoids and alkalis. Solution in 
sulphuric acid is violet- brown, giving a brown 
precipitate on dilution. 

Literature. —E. P. 16493 of 1887 ; D. R. P. 
40804$, A. P. 384315. 

Benzs Brown B (By.): 

c H ^N s -C 4 H 2 (NH 2 ) a N 2 -C 10 H # -SO 8 H 

L '« tl ‘\N a -O fl H 2 (NH 2 ) a N a O 10 H 6 SO 3 H 
Prepared as the preceding, except that naph- 
thionic acid is used instead of sulphanilic acid. 

Reactions and references as above. 

Direct Brown J (I.). Prepared as benzo 
brown G, except that aminobenzoic acid is used 
instead of sulphanilic acid. The yellowish 
brown aqueous solution gives a dark brown 
precipitate with hydrochloric acid. Solution 
in sulphuric acid is brown, giving a brown pre¬ 
cipitate on dilution. 

Literature. —D. R. P. 70127 ; F. P. 219925 ; 
A. P. 491422. 

Toluylene Brown R (0.); Azidine Brown 
T 2 R (C. J.); Direct Brown R (Sch.): 

UbU,U 7 il ^N 2 O flH 2 (NH 2 ) 2 N 2 -C loH 6 .S ( ) 8H 
Prepared by treating the colour from tetrazo- 
tisea 2 : O-tolylenediamine-4-sulphonic acid and 
2 mols. of w-phcnylenediamine with 2 mols. of 
diazotised naphthionic acid. Brown aqueous 
solution gives a brown precipitate with hydro¬ 
chloric acid. Solution in sulphuric acid is dull 
reddish-violet. 

Literature. —E. P. 11000 of 1889 ; D. R. P. 
58657 ; F. P. 199658; A. P. 465116. 

Hessian Brown BBN (L.): 

C TT ^N 2 -C 6 H 2 ( 0 H ) 8 N 2 G 8 H 4 -S 03 H 
^ii«h^ N2 .(j 6 H 2 (OH) 2 -N 2 C 6 H 4 S0 3 H 

Prepared by th^ action of tetrazotised benzidine 
on 2 mols. of the monoazo-dyestuff from diazo¬ 
tised sulphanilic acid and resorcinol. Aqueous 
solution is brown, giving a brown precipitate 
with hydrochloric acid, and becoming red with 
sodium hydroxide. Solution in sulphuric acid 
is violet-black, giving a brown precipitate on 
dilution. 

Dianil Black PR (M.) : 

_ _ /C 10 H 4 (SO 3 H)(OH)-N 2 C 6 H 3 (NH 2 ) a 

HSO® Ci 2 Hj\ 

7 \c io H 1 (SO,H)(OH)'N 2 -C,H s INH i ) 2 
Benzidinesulphonic acid is tetrazotised and com¬ 
bined With 2 mols. of 7-amino-a-naphthol-3. 
eulphonic acid ( 7 -acid) in alkalino solution, and 
the product is tetrazotised and combined with 
2 mob. of m-phenyienediamine. Black aqueous 
solution is precipitated with hydrochloric acid 
or sodium hydroxide. Solution in sulphuric 
acid is dark-blue, giving a black precipitate on 
dilution. 

Literature.— E. P. 13743 of 1896; F. P. 
267246 ; A. P. 678680. 

Anthracene Add Brown B (C.): 
NO 1 -C,H a (CO,H)(()H) S t C I 0 H, N,\ c h ^ 
NO,'C,H l (CO,H)(OH) N 1 'C It H, N,/ * ! as 
Nitro&minosalicy clic acid is diazotised and com- 
• biaed with a-naphthylamine. Two mols. of this 
are diazotised and combined with 1 mol. of m- 
phenylenSdiamine. Brown aqueous solution 
gives a vidlet precipitate with hydrochloric acid. 
Solution in sulphuric acid is greyish-violet, 
gfving a brown-violet precipitate on dilution. 


Literature. —E. P. 2446 of 1896; D, R. P. 
92655; F. P. 253834. J. 0. C. 

'AZO- ACID YELLOW, -ALIZARIN 
YELLOW, -BLACK BASE O, BORDEAUX, 
-CHROMINE, COCCINE, -COCHINEAL, 
-CORALLINE, -EOSINE, -FLAVINE, -FUCH- 
SINES, -VIOLET (v. Azo- colouring matters, 
AZODERMIN. Acetylamidoazotoluene. 
AZOERYTHRIN v. Archil. 

AZOFLAVIN v. Azo- colouring matters. 
AZOGEN RED v. Azo colouring matters. 
AZOGRENADINES v. Azo- colouring 
matters. 

AZOIMIDE (Hydraroic acid) N 3 H was first 
isolated in 1890 by Curtins (Ber. 1890, ?3, 3023), 
although in the form of its phenyl derivative 
(diazobonzeneimide) C 6 H 6 N S it was known in 
1860, having been then prepared by P. Griess 
(Annalen, 1866, 137, 65, 77). 

Curtius obtained azoimide by the action of 
sodium nitrite and acetic acid on benzoyl 
hydrazine, the nitroso- derivative first formed 
passing into benzoyl azoimide by loss of water 
C 8 H 6 CONHNH 2 +HONO== 

HjO -f Cj H s CO *N(NO) *NH ,~>H 2 0 -f C # H s C0N 8 
The benzoyl azide so obtained was dissolved 
in an equal weight of absolute alcohol and 
digested on the w r ater-bath with 1 mol. pro¬ 
portion of sodiujn, also dissolved in absolute 
alcohol, when sodium azide was formed, and this 
was precipitated from the solution by the addition 
of etner: 

C fi H 5 CON 3 +2NaOH 

=H t O+C 8 H 5 COONa+NaN 8 

The following methods have also been em¬ 
ployed for the preparation of azoimide and its 
salts. 

1. Hippuryl hydrazine by the action of 
nitrous acid is converted into hippurazide, from 
which by the action of ammonia, ammonium 
azide is produced (Curtius, Ber. 1891, 24, 3341): 
C fl H 5 CONHCH 2 -CO-NHNH 2 

HONO 

[C 8 H 6 CONHCH 2 CO NH N a OH 
C.H 5 C0NHCHjc0N,+H,0 

C,H s C0 NH CHj-CONHj+NH 

2 . o.p-Diazobenzeneimide (prepared from 

o.p-Dinifcro-aniline), on treatment with alcoholic 
potash, yields potassium azide (Nolting and 
Grandmougin, Ber. 1892, 26, 3328): • 

o.p. C,H s (NO,),-NH,-HNO, 

HONO 

-> C,H,(NO a ) a N a -NO, 

* C,H,(NO a ) a NBr-NBr, 

i NH a 

0,H t (M,) 1 N. 

KOH 

C,H a (NO a ) a -OK+H a O+N,K <- 

3. The decomposition of diazotised amtdo- 
guanidine nitrate by caustie aik&lb (Thiele. 
Annalen, 1892, 270, 1): 

HN: C(NB,)NH-NH a -HNO, 

HONO „ , 

-» HN i C(NH,)-NH'N,-K0, 
CN'NH a +HNO,+N,H 
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4. The action of nitrous oxide on sodamide 
(W. Wislicenue, Ber. 1892, 25, 2084): 

NaNH.+N.O-NaNj+N.O 

5. The aotion oi an aqueous solution of 
hydrazine on a benzene solution of nitrogen 
ohloride (Tanatar, Ber. 1899, 32, 1399): 

N a H 4 +NCl t ==N a H+3HCl 

6. The oxidation of a mixturo of hydrazine 
sulphate and hydroxylamine hydrochloride by 
chromic acid mixture (Brown, Ber. 1905, 38, 
1825). 

* 7. The decomposition of hydrazine sulphate 

by potassium nitrite (Den ns ted t, Chcm. Zeit. 
1897, 21, 876): 

N a H 4 +HONO -> [NH a N a OHl-> H a O+N 3 H 

8. The decomposition of hydrazine sulphate 
by a saturated aqueous solution of silver nitrite, 
crystalline silver azide being preoipitated 
(Angeli, Ber. 1893, 26, 885, ^pf.). 

9. In nearly quantitative yield, the sodium 
salt may bo prepared by mixing hydrazine 
hydrate with sodium methoxide, and adding an 
ether solution of ethyl nitrite to the mixture. 
If the free acid be required it is sufficient to 
shake hydrazine sulphate for several hours with 
sodium hydroxide solution and ethyl nitrite, 
about 80-84 p.c. of tho hydjazine compound 
undergoing decomposition (Thiele, Ber. 1908, 41, 
2081). 

The free acid may bo obtained by distilling 
the salts with dilute sulphuric acid. In the 
anhydrous condition it is a colourless mobile 
liquid of very' unpleasant odour. It boils at 
37° C., and is readily soluble in water. Azoimide 
is a most dangerous substance to handlo on 
account of the fact that it decomposes with 
explosive violence on agitation. It somewhat | 
resembles tho halogen acids in that it forms i 
difficultly soluble lead, silver and mercurous 
salts. It is very poisonous, its vapour attacks I 
the mucous membrane rapidly, whilst the j 
aqueous solution of the acid attacks the skin. 
The metallic salts of the acid all crystallise in j 
the anhydrous state, and when heated, decom¬ 
pose, generally with explosive violence, leaving j 
a residue of the pure metal. 

Azoimide is a ‘ weak' acid, comparable in 
strength with acetic acid (West, Trans. 1900, 
77, 705). The heat of formation of the acid 
has been measured by Berthelot and Matignon 
(Compt. rend., 1891, 113, 672), with the follow¬ 
ing result: 

3N+H4aq-N,Haq —61,600 cal. 

A 7 p.c. solution of the acid dissolves magnesium 
and zinc, with evolution of hydrogen. From 
solutions of ferric, aluminium, chromic and 
thallium salts the corresponding hydroxides are 
quantitatively precipitated on boiling with 
azoimide. On reduction with sodium amalgam, 
or by zinc and acid, azoimide is converted into 
ammonia and hydrazine; if, however, sodium 
sulphide or ferrous hydroxide be used as reducing 
agents, little hydraziqp is formed. 

The reaction N 8 H-f HNO a =N a 4-N a O+H a O / 
is quantitative, and can be used for the estima¬ 
tion of simple nitrites. In this methsd a known 
exoess of sodium azide is added to the acid 
solution of the nitrite, and the mixture well 
shaken. The solution is made just alkaline bv 
Vol. I.—T. 
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baryta water, boiled to expjl nitrous oxide, 
acidified by acetio acid and tne excess azoimide 
estimated by titration with iodine and sodium 
thiosulphate. 

Hydrazine azide N 5 H 5 ; is obtained by the 
action of lead azide on hydrazine sulphate. It 
crystallises in prisms and is very volatile. When 
rapidly heated it explodes witli great violence. 

Iodine azide N 8 1 is obtained as an unstable 
nearly colourless solid when silver azide is 
suspended in water and shaken with a solution of 
iodine in ether at 0° C. (Hantzsch, Bor. 1900, 33, 
522). It decomposes readily, alkaline hydroxides 
converting it into the corresponding alkali 
azide N 3 l+2KH0=N 3 K+H a 0+K10. The 
aqueous solution of the azide gradually decom¬ 
poses on keeping N 3 I4-H 2 0=N 3 H+H10. • 

Chlorine azide N 3 <'1 was prepared in 1908 by 
Rasehig (Ber. 1908, 41, 4194), on adding sodiuqi 
hypochlorite to sodium azide and acidifying the 
mixture. It is a colourless gas. 

Phenyl azide (Diazobenzenc imide) C # H 5 N 3 
was first prepared by Gricss (Annalen, 1866, 
137, 65, 77) by decomposing diazobenzene per- 
bromida with ammonia. It is a pale yellow oil 
boiling at 65 , 5°-66 , 5° 0., and is volatile in steam. 
On heating with hydrochloric acid it yields 
o- and p-chloroaniline and nitrogen. Reduction 
in acid solution converts it into aniline and 
ammonia. 

Benzyl azide 0-H 7 N 3 is obtained as an 
aromatic smelling oil, by the action of warm 
acid on nitrosobenzylhydrazine, or by decom¬ 
posing silver azide with benzyl iodide. It boils 
at74° 0. (11 mm.). 

Azides of the above type may be obtained 
generally by the following methods:— 

1. Tne decomposition of diazobenzone per- 
bromides with aqueous ammonal: 

C 6 H 6 NBrNBr 2 +4NH 3 =CJI 6 N 3 +3NH 4 Br 

2. The decomposition of diazonium sulphates 
with hydroxylamine: 

€ e TT 6 N/H80 4 +Nn 2 0H=n 2 S0 4 +H 2 0 + C 8 H 5 N, 

3. The action of nitrous «tcid on phenyl- 
hydrazine hydrochloride: 

C fl H 6 NHNH 2 C 6 H 4 N(NO)*NH 2 

-> h 2 o+c 6 h 6 n 8 

4. The decomposition of £-phenylsemi- 
oarbazides with sodium hypochlorite : 

C 6 H 5 NH NH*CONH 2 *-> C-HjN: N-CONH, 

-> C 8 H 5 N:NNH 2 C 8 H 6 N, 

5. The action of chloroamine on diazonium 
salts (M. O. Forster): 

C 8 H 2 -N C1+NH 2 C1-HC1+C 8 H 5 N: N NHCl 

I -» HCl+C,H e N, 

6. Aryl diazonium derivatives of trinitro- 
methane readily decompose in the presenoe of 
moist other to arylazoformhydroxamic acids, and 
the latter on heating with aqueous alkali 
hydroxides are converted into the corresponding 
azide (Ponzio, Gazz. 1915, 45, ii. 12 ; 1916, 46, 
ii. 56): 

ArNjjO'ON : C(NO a ) a -> ArN : NCf’NHOH 

ArN 8 +CO a +H a 

The aryl azides are decomposed on heating 

2 K 
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with hyclrochlorir acid, nitrogen being evolved 
and the corresponding chloro-anilines formed 
Similarly with sulphuric acid they yield amino- 
phenols. Hot alcoholic potash converts the 
o- and jj-nitro derivatives into azoimidc and the 
nitrophenols. On condensation with the 
Urignard reagent and subsequent decomposition 
diazoamines (triazens) are formed (Dimroth): 


C.H.N.H ('iljMgl 


O.H.-N: N-N OH, 

I 


Mg I 

-> C,H,N: N'NJIOH, 

Phenyl methyl trl'izen 
Condensation with /5-ketonic esters converts 
them into triazolos (Ber. 1902, 30, 4041): 


C,H f N,+CH,-COOR 
CO-CH, 


= H.O+ 

,'N — OCOOIt 

n; ii 

X N((',I1 s )-C-CH 3 

whilst with benzaldohyde arylhydrazoncs they 
similarly yield tclrazolcs (Bor. 11)07, 40, 2402): 
0«H 6 N 8 +C 6 H 6 NH-N : C1IC.H, 

/N—N 

• ==C,H 6 NH 2 I-CjHjN^ I 

x n-co,h 5 

Methyl (izuk CH 3 -N 3 is prepared by the action 
of dimethyl sulphate on sodium azide (Dimroth 
and W. Wishccnus, lier. 1905, 38, 1573). Mag¬ 
nesium methyl iodide converts it into dimethyl* 
triazen CH t N : N’NHCH. (Dimroth, Bcr. 1900, 
39,3905). 

The acyl derivatives of azoimide may be pre¬ 
pared by the decomposition of acyl hydrazines 
with nitrous acid (sodium nitrite and acetic acid): 
C e H fi CO*NH NH 2 +HONO=C 6 H a OO N s 4 2fI a O 

Tetramethylammomum azide NMe 4 N 8 is 
prepared by the gradual addition of a solution of 
tetramethylammomum iodide to an aqueous 
suspension of a slight excess of silver azide. 
Tetragonal crystals (a : c~ 1 : 0 7245). Fairly 
stable substance; does not explode when struck 
with a hammer, or ground in a mortar, or when 
dropped on a hot plate. Dry salt begins to 
decompose at about 125° (Friedlander, J. Amer. 
Chem. Soc. 1918, 40, 1945). 

Benzoyl azoimide C 4 H s OON 8 (Ourtius, Ber. 
1890, 23, 3024 el seq.) crystallises in colourless 
tables .end molts at 32° C. It explodes on 
heating. 

This typo of azide shows characteristic 
decompositions, two-thirds of the nitrogen being 
eliminated, and the residual nitrogen linking 
up the aromatic nucleus with a carbonyl group. 
Thus when gently warmed in alcoholic solution 
a urethane is produced, on boiling with water a 
di-substituted urea is obtained, and on heating 
the solution of the azide in benzene it is trans¬ 
formed into an isocyanate: 
C e H 8 OON 3 +C a H,OH=N 8 +C 8 H 6 NHCOOC 2 H B 
2C e H B OON 3 -f 2 H i O= 2N > +2C 8 H 6 NHCOOH 
-2N,-fH I 0+C0 1 +C0(NHC.H i ) i 
C e H B CON 3 =N 2 +C 6 H B NCO 

On the decomposition of the azides of the 
mono aqd dialkyl malomc acids, and of the 
a-hydroxy acids, see Festschrift Tk. Curtius, 
\W3, p. tixxii. 

.qjSome controversy has arisen over the struc- 
trftB of azoimide, the earlier given cyclic struc¬ 


ture having been objected to by Thiele (Ber. 
1911, 44, 2522) who considers that a straight 
chain formation best represents the reactions of 
the acid: 

N \ 

|| ;NII or HN : N : N 

N' 

AZOIMIDES, AROMATIC v. Diazo com¬ 
pounds. 

AZOLITMIN. A substance assumed by 
Kane to exist, in litmus (Annalcn, 39, 25). 

AZOMETHANE v. Diazo compounds. 

AZOORSEILL1N v. Azo- colouring 

MATTERS 

AZOPHENYLENE v. Azin res. 

AZOPHOR BLACK, BLUE, -RED, -ROSE v. 

AZO- COLOURING MATTERS. 

AZOPHOSPHINES v. Azo- colouring 

MATTERS 

AZO-REDS, AZORUBINES v. Azo- COLOUR¬ 
ING MATTERS. ' 

AZOTE. A name given to nitrogen by 
Lavoisier, and hence commonly used in French 
literature to designate that element. 

AZOTINE. An explosivo made in Austria- 
Hungary (J. Soc. Chem. Tnd. 4, 36f>). 

AZOTOL v. Azo- colouring matters. 

AZOTOMETER. A term applied by W. Knop 
to an apparat us designed to measure the nitrogen 
evolved by the action of sodium hypochlorite or 
hypobromite on ammonium salts and certain 
organic substances. 

AZO- TURKEY RED i>. Azo- colouring 

MATTERS. 

AZOVERMIN. Trade name for acetyl- 
amino azotolueno. 

AZOXINE COLOURING MATTERS v. 

OXAZFNE COLOURING MATTERS. 

AZOXYBENZENE C ( .,H l0 N 2 O. A product 
of the partial reduction of nitrobenzene with 
alcoholic potash (Zinin, J. pr. Chem. 30, 93 ; 
Schmidt and Schultz, Annalen, 207, 325; Ber. 
12, 484); or with sodium amalgam containing 
3-8 p.c. of sodium (Alexejeff, J. 1864, 625; 
Moltschanowsky, Ber. 15, 1575). 

Preparation .—Azoxybenzenc is best prepared 
by dissolving 1 part of sodium in 25 parts of 
methyl alcohol, adding 3 parts of nitrobenzene 
and heating for 5 or 6 hours on a water-bath in 
a flask provided with a reversed condenser. The 
methyl alcohol is then distilled off and the residue 
treated with water, which dissolves the sodium 
formate formed in the reaction, and leaves the* 
azoxybenzene as a yellow oil; this soon solidi¬ 
fies, and is obtained pure by one crystallisation 
from alcohol (Klinger, Ber. 15, 866; Molt¬ 
schanowsky, l.c. and Ber. 16, 81: Klinger, 
Ber. 16, 941, footnote). 

Azoxybenzene is also prepared by the 
reduction of nitrobenzene with arsenious oxide 
and caustic soda (Loesner, Eng. Pat. 1555, 
J. Soc. Chem. Ind. 1895, 31); by the reduction 
of nitrobenzene with alkali sulphides in alkali 
hydroxide, the products being mainly azoxy¬ 
benzene and azo benzene, ( in proportions varying 
with the amount of sulphide and the time of 
reduction (Farb. vorm. Meister, Lucius, and 
Bruning, B. R. P. 216246, J. Soc. Chem. Ind. 
1909, 1310); by boiling nitrobenzene with 
60 p.o. aqueous sodium hydroxide and iron 
pyrites, or other heavy Bulphides, 90 p.c. of the 



BABLAH OR NEB-NEB. 


m 


product being azoxybenzehe (Farbenfab. vorm. 
Fried. Bayer & Co., JD. K. P. 204653, Cheni. Soc. 
Abst. 1909, i. 272); by heating nitrobenzene 
with charcoal and alkali (Farbenfab. vorm. 
Fried. Bayer & Go., D. R. P. 210806; Chem. 
Zentr. 1909, ii. 163); and by the electrolytic 
reduction of nitrobenzene in the presence of 
alkali (Farb. vorm. Meistcr, Lucius, and Bruning, 
D. R. P. 127727 ; Chem. Zentr. 1902, i. 446, 
and Farb. vorm. Weiler-ter-Meer, D. R. P. 
138490; Chem. Zentr, 1903, i. 372). 

Azoxybenzene or its homologues can be ! 
obtained by heating nitrobenzene or the corre-j 
sponding nitro- compound with an equal weight 
of zinc-dust and of an aqueous solution of cal¬ 
cium chloride boiling at 130° ; aqueous solutions 
ot other salts may be employed, and tho reaction 
ensues at the boiling-point of the aqueous solu 
tion (v. Dediend, 1). R. P. 43230). 

Properties. —Azoxy benzene crystallises in 
pale yellow rhombic needles, melts at 36°, and 
is soluble in alcohol or ether, insoluble in water. 
When heated with non-volatile substances, such 
as iron filings, it decomposes into aniline and 
azobenzene. Weak reducing agents, such as j 
sodium amalgam in alcoholic solution, convert it | 
into hydrazobenzene (Alexejelf. J. 1867, 603): 
but more powerful agents, such as*zinc chloride 
in acid solution, reduce it chiefly to aniline, a 
small quantity of hydraz<fbenzene and bases 
derived from it by molecular changes being 
also formed (Schmidt and Schultz). Azoxy- 
benzene yields two isomeric nitroazoxybcnzcncs 
when heated with concentrated nitric acid 
(Linin, Annalcn, 114,217), and when heated with 
concentrated sulphuric acid to a moderate 
temporature is converted into the isomeric 
hydroxyazobenzene (Wnllach and Kicpenhcucr, 
Ber. 14, 2617). 

In addition to azoxybenzeno other azoxy- 
compounds have been prepared by reducing the 
corresponding nit.ro- derivatives either with 
sodium amalgam in methyl alcohol solution or 
with zinc-dust and soda (c/. Linipncht, Ber. IS, 
1405; Klinger and Pitschke, Ber. 18, 2553 ; 
Janovsky and Reimann, Ber. 22,41 ; v. l)cchend, 
f.c.). The azoxy- compounds derived from 
metanitranilinc, the nitrotoluidinos melting at 
78° and 107°, and tho nitroxylidine melting at 
123° yield, when diazotised and combined with 
phenols, amines or their sulphonic acids, a class 
of yellow, orango or red azo- dyes, which can bo 
employed for cotton and wool (Poirrier and 
Rosenstiehl, D. R. P. 44045, 44554). 

AZOXY-COLOURING MATTERS. The dyes 
formerly classified under this heading, of which 
‘ sun yellow ' is perhaps the best known, have 
been shown to be azo- dyes ( q.v .). 

p-AZOXY-o-TOLUIDINE 


CH, 


/ NH, 


is obtained by the alkaline reduction of p-niwo- 
o-to!uidine (q.v.) by zinc auBfc or dextrose; 
m.p. 16&°. Used in the manufacture of azo¬ 
dyes. 

AZO YELLOWS v. Azo- COLOURING MATTERS. 

AZULENE C,.H lg , a hydrocarbon, an 
intensely blue, slightly viscid liquid,*D 2ft 0*9738, 
b.p. 295°-300° (185°-195725 mm.), found in the 
oils of cubebs, amyris, guaiacura wood, gurjun 
and eucalyptus, and to which their blue colour 
is due. When exposed to light and air is con¬ 
verted into a brown resin. Is soluble in sul¬ 
phuric acid, giving a fluorescent solution, and 
forming a sulphonic acid, yielding a crystalline 
sodium salt, soluble in water, and giving a violet- 
coloured solution which becomes green when 
acidified. Is possibly identical with piesse’s 
Azulin (q.v.). It forms a picrate, m.p. 120°, 
lustrous black needles, by which the hydro¬ 
carbon may be identified. Tt appears that 
azulene is tricyclic and contains an aromatic 
nucleus, four ethylenie linkings, but no hydro 
aromatic conjugate double linkings, as it 
suffers no reduction when treated with sodium 
111 alcohol (Sherndal, J. Amor. Chem. Soc. 

; 1915, 37. 167 and 1537). 

j AZULIN. Blue colouring matter, contained 
in certain essential oils; e.g. chamomile, mille¬ 
folium, and wormwood. 

AZULIN Triphenylmethane colouring 

MATTERS. 

AZURE v. Pigment. 

AZURIN C sr ,H 32 N/) 3 . Obtained by heating 
salicylic aldehyde with o-tolylenediamine. 
Colourless tables, giving blue fluorescent solu¬ 
tions (Ladenburg, Ber. 11, 596). 

AZURITE or Chcssylite. Hydrated basic 
copper carbonate, 20uCO 3 -Cu(OH) 2 , forming 
monoclinic crystals of an (jzure-blue colour. 
Finely crystallised specimens have been found 
in abundance in an old copper mine at Chessy, 
near Lyon in the south 01 France, and on this 
account the mineral is often known as chessylite 
(Brooke and Miller, 1852); the name azurito 
(F. S. Beudant, 1824) refers to the characteristic 
colour. Sp.gr. 3*8; hardness 3|~4. It occurs 
as an alteration product of copper-pyrites and 
other sulphide ores of copper in the upper 
oxidised zones of mineral veins; and it is itself 
often altered to malachite, the green carbonate 
(OuCO s Cu(OH) 2 ). Fine crystals are also found 
at Broken Hill in New South Wales, Tsumeb in 
South-West Africa, and at Bisbee in Arizona; 
at the last-named place it occurs, together with 
malachite, in sufficient abundance to be mined 
as an ore of copper. It was also formerly mined 
at Burra-Burra, in South Australia. From 
Arizona come pretty specimens, with azurite and 
malachite banded together, which are polished 
for use in cheap jewellery. Powdered azurite 
was formerly used as a pigment under the name 
‘ mountain blue,’ but this is now replaced by an 
artificial product. L. J. S. 


B 


BABBIT'S METAL. An alloy of 25 parts 
tin, 2 parts antimony, and 0-5 parti copper, used 
as an'anti-attrition metal (v. Antimony). 

BABLAH or NEB-NEB. Commercial names 
fo&froits of several species of acacia; used in the 


East, in combination with alumin^ and iron 
mordants, to produce various shades of drab and 
fawn colour in calico-printing. East Indian 
bablah is largely obtained from Acacia arabica 
(Willd.) (A. indite (Benth.)) r Senegal and 
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product bring axoxy benzene (Fubehfab. toito. 
Fried. Bayer * Co.. JD. K. P. 20465S, Ch«* Boo. 
Abet. 1009* j. 272) i by heating nitrobenzene 
with charcoal end alkali (Faroenfab. vorm. 
Fried Beyer A Go., D. R. P. 210806 ; Cbem. 
Zentr. 1009. ii 163) ; and by the electrolytic 
redaction oj nitrobenzene in the presence of 
alkali (Farb. vorm. Maistcr, Lucius, and Broiling, 
D. R. P. 127727; Chem, Zentr. 1002, i 446, 
and Farb. vorm. Weiler-ter-Meer, D. R. P. 
138400: Chem. Zontr, 1903, i. 372). 

Azoxy benzene or its homologues can be 
obtained by heating nitrobenzene or the corre¬ 
sponding nitro compound with an equal weight 
of zinc-dust and of an aqueous solution of cal 
dum chloride boiling at 130 ®; aqueous solutions 
ot other salts may be employed, and tlio reaction 
ensues at the boiling-point, of the aqueous soiu 
tion (c. Dedienri, 1>. It. I\ 4323U). 

Praperti ***—Azoxy benzene crystallise* in 

K ale yellow rhombic needles, melt* at. 30°, and 
i soluble in alcohol or cthSr, insoluble in water. 
When heated with non-volatile Nuljs»tancea r aucli 
as iron filings, it decompnat* iulo aniline and 
ozobeuxonc. Weak roc lin ing agents hucJi ok 
sodium amalgam in alcoholic solution, convert it 
into by dr azubenzene (Alexejolf, J. I8li7, fiU3): 
but mure powerful agent*, such u.* zinc chloride 
in acid solution, rodu tv it chiefly to aniline, a 
small quantity of llyilrazrfhenzeiw and hows 
derived from it by molecular changes being 
also formed (Schmidt and Schultz). Azoxy- 
benzenc yields two isomeric nitrnuzoxy benzenes 
when heated with concentrated nitric acid 
(Linin, Anrmjon, 114.217), and when heated with 
concentrated *ndj>huric acid to a moderate 
temperature i* converted into the isomeric 
hydroxyazobenzene (Wnllach a ml Kiepenhencr, 
Bor. 14, 2617). 

In addition to azoxy benzene other uzoxy- 
compounds have been prepared by reducing the 
corresponding intro- derivatives either with 
sodium amalgam in methyl alcohol solution or 
with zinc-dust and soda (cf. Limprjeht, Her, IS, 

1405 \ Klinger I’iteelikc, Rer. 18 , 2503; 

Janovsky and Reimann. Bor. 22,41 ; r. Dcchend, 
f.c.). Tha azoxy- compounds derived from 
me tan itran l line, the niti'otnluidmca melting at 
78° and 107°, and the nitroxylidme melting at 
123° yield, when dkzotincd and combined with 
phenols, amines or thoir sulphpnic aoids, a class 
of yellow, orange or rod azo- dyes, which ran be 
employed for cotton and wool (Poirrier and 
Rosenetiehl, D. R. P. 44045,44554). 

AZOXY COLOURING MATTERS. The dyes 
formerly cianrificd under this beading, of which 
4 sun yellow ' is perhaps the best known, have 
been shown to be azo- dyes (j.u.). 
p-AZOXY -0-TOLUIDINE 

CH 0x“ N O :,r - 

SH.V ™> 


it obtained by the alkaline redaction ot ji.iuiro- 
o-toluidine (y.v.) by lino Scat or deitroee; 
m.p. 168?. t'sed in tbe nrenufacturo ol aio 
dyes. 

AZO YELLOWS c.Azo-ooloukino matters, 
AZULEKE C,.H 1h , a hydrocarbon, 
intensely blue, slightly viscid liquid,*P n Q'&738. 
b.jp. 2W)°-m° { 1B5°-196725 mm.), found in the 
oils of cukeba, amyris, gu&iacum wood, gurjun 
and eucalyptus, and to which their blue colour 
in due. When exposed to light and air is eon* 
Verted into a brown renin. Is soluble in sul¬ 
phuric acid, giving a fluorescent solution, and 
forming a aulplionic; acid, yielding a crystalline 
sodium salt, soluble in water, and giving a violel- 
eoluiiml solution wlin'li becomes green when 
acidified. Is probably identical with Piesse’s 
j Azulm fiy.r.). Jt forms a pt'erate, m.p. 120°, 
iuHtroiiH black needle*, by which the hytko- 
carbnn may be identified. Jt appe-a.ru that 
azulene im tricyclic and contains an aromatic 
nucleus, four cthylenie linkings, but no hydro 
aromatic conjugate double linkings, as it 
suffers no reduction when treated with sodium 
m alcohol (She™dal. J, Amor. Chem. Boc. 
1915, 37. I fl7 and 1537). 

AZULIN. Blue colouring matter, contained 
in certain essential odd; e,g. chamomile, millc* 
folium, and wormwood. 

AZULIN r. r i ’ttlPHfc X VI.MXTHa n jz culoubino 


; MATTERS. 

AZURE v. Pro must. 

AZURIN CJI„N 4 O a . Obtained by heating 
• Bali cy lie aldehyde with o-tolyUmediarauie. 

, Colouricss tallies, giving blue fluorescent solu¬ 
tions (Ladenburg, Her. 11, 590). 

AZURITE or Oheasylite. Hydrated baric 
copper carbonate, 20uC0jCu((jH), t forming 
monodinic crystals of an ^zureblue colour. 

; Finely crystallised specimens have been found 
' in abundance in an old clipper mine at Chessy, 
near Lyon in tlie south of France, and on this 
account the mineral is often known as chesaylito 
(Brooke and Miller, 1852); tbe name acurito 
(F. S. Beudant, 1824) refers te the characteristic 
colour. Sp.gr. 3 - 8; hardn&fl 3j-4. It occurs 
as an alteration product of copper-pyrites and 
oilier sulphide ores of copper in the upper 
oxidised zone* of mineral veins; and it is itself 
often altered to malachite, the grocn carbonate 
(CuCO|'Cu(OHj s ). Fine crystals are a bo found 
at Broken Hill in New South Wales, Teumeb in 
South-West Africa, and at Bisbee in Arizona; 
at the last-named place it occurs, together with 
malachite, in sufficient abundance to be mined 
i as at) ore of copper. It woe also fonneriy mined 
at Burra Burra, in South Australia. From 
Arizona come pretty specimens, with ozurite and 
malachite bonded together, which are polished 
for use in cheap jewellery. Powdered azurite 
was formerly used as a pigment under the name 
4 mountain bins/ but this ia now replaced by an 
artificial product. L. J, 8, 



B 

BABBIT’S METAL. An alloy of 25 parts I East, in combination with aluminj and iron 
tin. 2 parts antimony, and 0-5 parboopper. used mordants, to produce various shades of drab and 
M an 'anti, attriti on m etal (o. AsimoMy). farm colour in calico-printing. East Indian 

RABLAH or MEBKEB. Commercial names bablah is largely obtained from Acacia oroinca 
hnJroita of aavnralapaoiaa of acaoia; uaodiotbe (Willd.) (A. indi* (Banth.)): Senegal and 
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Egyptian Bablah, largely from Acacia arabica and aa an abrasive. (W. T. Sohaller, Mineral 
(A. nilotica (Delil.)). The aqueous extracts Resources, U.B. Geol!'Survey for 1916, 1917, ii. 
oontain a red oolouring matter together with 377; A. Granger, Chem. News, 1919, 118, 115.) 
considerable quantities of gallic and tannic acids. L. J. 8. 

BABUL BARK. The bark from Acacia BADISCHE ACID. 2.naphthylamine-8- sul- 
arattm^Willd.) which occurs in India, Arabia, phonic acid. F. Naphthai.enb* 
and tropical Africa; its Indian vernacular name BAEL FRUIT. The dried half-ripe fruit of 
is ‘ babul.’ Used in India as a tanning material. Atiglc Marmelo/t (Correa), from Malabar and 

BABUL GUM. An inferior kind of gum Coromandel; is used in diarrhoea and dysentery, 
arabic from Acacia arabica (Willd.). Known also and the fresh pulp is sometimes employed as a 
as ‘Bengal gum’ or * Gond babul.’ laxative. 

BACTERIA, CHEMICAL ACTION OF, r. BAEUMLERITE. A potash salt mineral 

Fermentation. found as thin bands in the rock-salt of the 

BADDELEYITE. Native zirconium oxide, j Desdemona salt mine in the Leine Valley, 
ZrOo, crystallising in the monoclinic system. Prussia ((). Renner, 1912). It is colourless and 
A few isolated crystals have been found in the transparent, extremely deliquescent, and has 
gem-gravels erf Ceylon, and a more abundant the composition KCl CaCl 2 . F. Zambonini 
supply of small crystals was met with at about j (1912) has suggested that this is identical with 
t^e same time in the iron mine of Jacupiranga, the Vesuvian mineral ‘ chlorocalcite,’ first 
in Sao Paulo, Brazil. The latter, at first de- I described by A. Scacchi in 1872, and later 
scribed under the name brazihte, occur as an j proved to be cubic and with the composition 
accessory constituent of a magnetite-pyroxene KOCa01 2 . * L. J. S. 

rock called jacupirangite, which is associated j BAGASSE, BEGASS, or MEGASS. Terms 

with the deposits of magnetite. The crystals | applied to the refuse sugar-cane after crushing, 
from Ceylon arc black and opaque, with sub- j BAKELITE. A condensation product of 

metallic lustre, but small Rplmtors are trans- phenol, cresol or other phenolic bodies, and 
parent and yellowish in colour; sp.gr. 5*72- formaldehyde, paraformaldehyde, hexamethy- 
fi*025; Zr0 2 98‘9 p.c. The smaller crystals lenetetramine. or other substances with a reactive 
from Brazil range from colourless to brown ; methylene group, mixed with asbestos or some 
sp.gr. 5*5; they contain Zr0 2 9fiT>2 p.c., with form of cellulose, and heated so as to convert it 
small amounts of silica, alumina, forric oxide, into a solid infusible rcsinoid Inass capable of 
lime, &c. The mineral has also been identified being moulded or worked, 
in a rock resembling jacupirangite in the iron In the actual manufacture of bakelite 

mines of the island of Alnb, Sweden. More ordinary commercial carbolic acid, which con- 
recently, minute crystals have been detected sists largely of cresols, is employed, in connection 
in a sanidine bomb nch in zircon from Monte with small quantities of various alkaline sub- 
Somma, Vesuvius, and in a corundum-syenite stances, which appear to act catalytically in 
from Bozeman, Montana. promoting the action of the formaldehyde. 

A massive forjn of zirconia occurs much more The first products obtained are semi-solid resin- 
abundantly in the Serra de Caldas region of like bodies which under the influence of heat and 
Minas Geraes, Brazil, a region characterised pressure become bard, insoluble and infusible, 
by the occurrence of nophelme-syenite rocks, and of a high chemical and mechanical resistance. 
Pebbles of compact material are here found in This initial stage is variously termed‘Bakelite A, 
the diamond washings, and are known to the Liquid or Solid,’ Resmil mass, &c. The final 
diamond miners as ‘favus’ (meaning ‘bean;’ product is known as ‘Bakelite C,’ ‘ Resinite,’ 
other ‘favas’ consist of titanium dioxide). 1 Oondensite,’ or ‘ Resite.’ It is regarded by 
These are pale-brown, slate-grey or blackish in Baekeland, with whose name the invention and 
colour, fine-grained, and hard. Sp.gr. 4*G-5'4 ; commercial application of the substance is 
they contain Zr0 2 73-93 p.c., the principal associated, as a polymerised hydroxy benzyl* 
impurity being silica, with some iron, alumina, methyleneglycolanhydride. To form it ‘ Bake- 
and titanium. In the same region there has also lite A ’ is heated in & modified form of auto* 
been found, as a crust on weathered augite- clave to about 170°, under pressure produced 
syenite, mamillated or reniform masses with a by compressed air or an inert gas, such as 
radially-fibrous structure and concentric band carbon dioxide. Instead of the autoclave the , 
ing. It contains Zr0 2 97 p.c., and has sp.gr. Bakelite A, after being mixed with the appro- 
6‘538. This variety appears to occur in con- priate fibrous material, may bo placed in a steel 
siderable quantity, and in lumps weighing several mould, and gradually hardened in a hot press 
kilograms. E. Russak, in 1899, referred the during from 1 to 2 hours, at a temperature 
massive form occurring as ‘ favas ’ to badde- between 100° and 200°! 

leyite, but he was inclined in 1903 to regard the Bakelite C in its purest form is a colourless 
fiorous variety as a distinct modification of or light golden-yellow mass of sp.gr. 1‘25. 
zirconia. The latter has recently been sold in It is a bad conductor of heat and electricity, 
America under the trade name zirkile, and it is and a first rate insulating material. It resists 
stated to consist of a mechanical mixture of pressure and shock, but has a comparatively 
baddeleyite, zircon, and a new zirconium silicate, low elasticity. It can be boated to 300° without 
The mineral possesses a high degree of infusibility, change. At a higher temperature it chars, but 
high resistance to basic and acid slags, low does not inflamo. It is non-hygroscopic, and 
thermal conductivity, and a very low coefficient resists the action of concentrated hydroohloric 
fc *P a ns rc> n - R thus eminently suitable as acid, oil of* vitriol, nitric acid ana bromine, 
a refractory material for the construction of It is loss resistant to the action of alkalis. From 
crucibles, muffles, fire-bricks, and furnace the ease "with which it can be worked it can be 
linings. It is also employed as an opacifior used for a great variety of artioles, such* as 
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switch-boards, telephone receivers, armatures, 
and commutators for dynamos and mqtors, 
phonograph records, mouldings for kodaks, 
photographic developing trays, &c. Also for 
the manufacture of Jrilliard-balls, razor handles, 
umbrella and stick handles, pen and pencil 
holders, cigar and cigarette holders, pipe mouth- 

f iieces, ornaments and beads for jewellery, &c. 
Lebach, Jour. Soc. Chem. lnd. 1913, 32, 559). 

The conditions of the formation of bakelite 
have been investigated by Matsumoto (J. Chem. 
ind. (Tokyo) 18, No. 207), who found that all 
stages of the reactions are greatly accelerated by 
small additions of various substances. The 
best results, as regards yield and quality of 
roduct, were obtained by the use of sodium 
ydroxide and ammonia as condensing and 
hardening agent respectively. Sulphuric acid, 
hydrochloric acid, ammonia, hexamethylene¬ 
tetramine, aniline, sodium sulphite and sodium 
carbonate were also satisfactory as condensing 
agonts, but only basic substances, sucli as 
alkali hydroxides or ammonia were suitable as 
hardening agents (Jour. Chem. Soc. lnd. 1915, 
34, 1104). 

The General Bakelite Co. has a very complete 
plant at Perth, Amboy, and there are a large 
number of licensees m the United States; 
bakelite plants in Germany, France and England, 
and several factories where Imkelite goods, such 
as buttons, are manufactured under licence. 

Bakelite is amber-yellow when freshly made, 
but gradually acquires a wine-red colour under 
the action of daylight. If the red colour is not 
too strong it play be discharged by heating to 
100°-150° for several hours. This colour change 
has proved objectionable when the substance is 
userl for ornamental purposes (imitation amber), 
and has led to its abandonment in certain trades 
(Newbery and Lupton, Manchester Memoirs, 
62 (1918), 13). 

BAKERITE. A hydrated borosilicate of 
calcium, 8CaO'5B 2 O a *6Si0 2 , fiH 3 0, containing 
B a O a 27*7 p.c. It is massive and snow-white, 
sometimes with a greenish tmge, and resembles 
unglazed procelain or fine-grained marble in 
appearance. 1)2*73-2 93, H4f. It occurs with 
howlite as veins and nodules of considerable size 
n the borato mines in the Mohave Desert, sixteen 
niles north-east of Daggett, in San Bernardino 
Do., California (W. B. Giles, Mineralog. Mag. 
1903, xiii, 353). L. J. S. 

BAKHAR . an artificial ferment prepared from 
ice, powidered roots and other parts of certain 
slants, by Indian natives, and used in the pro¬ 
duction of Hindu rice beer (pachwai), and of the 
spirit distilled from it. It contains many varie¬ 
ties of moulds and fungi capable of saccharifying 
jfcarch, of which the most active is Aspergillus 
rryzee, and several yeasts capable of producing 
alcohol (Hutchinson and Ram Ayyar (Jour. Soc. 
Chem. Ind. 1916, 35, 751). 

BAKING POWDERS are any powders used 
as substitutes for yeast. The bread or cake 
is rendered spongy by the carbon dioxide 
generated in the dough; this is effected by the 
action of an acid, such as tartaric acid, on sodium 
bicarbonate, and some farinaceous substance is 
added to act as diluent. To permit the use of 
discoloured flour, alum was frequently employed, 
this renders the bread white, but at the same 
time indigestible. In 1S99 such articles as 


baking powder were included in the Sale of 
Food and Drugs Acts, and"therefore the use 
of alum of any injurious matter was prohibited. 
All articles are perfectly dried before mixing, 
passed through a fine sieve, and kept in air¬ 
tight packages in a dry place. To evei^ pound 
of flour, l teaspoonful of baking powder is added 
for bread, am) 2 teaspoonfuls for cakes. General 
preparations ares 

(1) 6 ozs. tartaric acid, 2 ozs. sodium bi¬ 
carbonate, and 1-5 ozs. of farina. 

(2) 16 ozs, sodium bicarbonate, 14 ozs. 
tartaric acid, and 6 ozs. magnesium carbonate, 
and 12 ozs. farina (Workshop Receipts, 1909). 

(3) 2$ lbs. cream of tartar, lbs. sodium 
bicarbonate, 1 lb. acid calcium phosphate/and 
4 lbs. cornflour (Pharm. Formula, 1908, ft 322). 

(4) 3 lbs. acid potassium sulphate, 1 lb. 
sodium bicarbonate, and 1 lb. of cornflour 
(Pharm. Formula, 1908, p. 322). 

(5) 5 ozs. tartaric acid, 15 ozr. cream of 
tartar, 20 ozs. sodium carbonate, and 40 ozs. 
rice flour (Workshop Receipts, 1909, p. 90). 

(6) 20 parts acid sodium phosphate, 20 parts 
acid calcium phosphate, 25 parts sodium 
bicarbonato, and 35 parts starch (Hiscox, 1907, 
102 ). 

Crompton's powder ; 2 parts cream of tartar, 

1 part sodium bicarbonate, and 1 part corn 
starch. 

Rum ford'a powder : (apjprox.) 7 ozs. sodium 
bicarbonate, 14J ozs. 6oaium phosphate, and 
3| ozs. starch. 

Royal powder: A mixture of cream of 
tartar, tartaric acid, sodium bicarbonate, and 
starch. « 

Qoodall's powder is a mixture of 2 parts rice 
flour with 1 part tartario acid and 1 part 
bicarbonate of soda. 

Green's powder : 35 lbs. tartario acid, 56 lbs. 
of sodium carbonate, and 1 cwt. of potato flour. 

Horsford's powder consists of 2 packets: (1) 
acid calcium and magnesium phosphates, made 
up with a certain quantity of flour ; (2) bicarbo¬ 
nate of soda with a little potassium chloride. 

Bormck's powder is an artificial fermentation 
powder compounded with coarse maize. 

Self-raising flour may be prepared by mixing 
8 ozs. sodium bicarbonate, and 18 ozb. crepm of 
tartar with 1 cwt. of flour. 

Milk in the solid form, concentrated in a 
vacuum at 50°-60° was used by Hooker, to 
replace inert farinaceous matter. It is claimed 
to have a better nutriment value and increased 
leavening power: 20 parts tartario acid, 

54 parts milk powder, and 1 part moisture. 
The soda is added before the milk is completely 
dry, then the whole dried and ground finely in 
a mortar (J. Soc. Chem. Ind. 27, 1908). Cream 
of tartar is soluble in hot water, but only slightly 
bo in cold, whilst tartario acid dissolves readily. 
Therefore a powder containing cream of tartar 
evolves carbon dioxide much more slowly than 
one compounded with tartario acid. This is 
advantageous, as a dough containing it can be 
kept for some time before baking, also it does not 
darken the bread ; on the other hand, it forms 
Rochelle salt which has a very slight saline 
taste. The best powders are madfc from a 
mixture of tartario acid and cream of tartar. 
Good substitutes for tartario acid are acid 
ammonium phosphate, and acid potassium 
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sulphate, acid potassium and calcium phosphates, 
but they have a tendency to darken the bread. 
The acid calcium phosphate used in baring and 
self-raising flours occasionally contains an undue 
amount of calcium sulphate (J. M. Hamill, 
Report sf the Local Gov. Board, 1911, Food 
Report, N®. 13). 

Ammonium carbonate is used in very light 
pastries, but it requiies expert handling, and 
so is very rarely present in the make-up pre¬ 
parations. 

BAKUIN. Russian mineral machine oils; 
recommended for lubricating heavy machinery 
on account of their high viscosity and gicat 
power of resisting cold (Scifenseid, Zeit. 31, 
300; 32, 378; J. Soc. Chem. Ind. 3, 181). 

BAJKUOL. A name given by Mendeleeff to 
an illuminating oil, prepared from the crude 
oil^ of Baku by mixing ordinary kerosene of 
sp.gr. 0-82 to 0*83 and flashing point 20° to 
30°, with the so-called intermediate oil, which 
has a sp.gr. of (FSG to 0-88 at 15°, and is not in¬ 
flammable at 100°. The mixture has a sp.gr. of 
0-84 to 0-86, and flashes at temperatures varying 
from 50° to 70°. From 100 parts crude naphtha 
20 to 30 parts of kerosene and 10 to 20 parts of 
intermediate oil can be obtained. 

The following table gives tho sp.gr., flashing- 
point, and luminiferous valuo of four bakuols 
examined by Ilimow :— 


Speci¬ 

Sp. gr. 

Flashing 

Candle- 

power 

Consumption per 
hour in Russian lbs. 

men of 
oil 

at 

17-°5 

point at 
700 mm. 

Fortho : 
lamp 

Per 

candle 

power 

No. 

1 

0-8280 

38-0 

7-40 

0-0588 

0-0080 

2 

0-8310 

97-5 

10-40 

0-0633 

0-0060 

3 

0-8360 

39-5 

9-84 

0-0633 

0-0064 

4 

0-8310 

49-5 

8-30 

0-0675 

0-0081 


Literature. —Mendeleeff, Zeitschr. Technik, 
1886, No. 100 ; Chem. Zeit. 1883,231 ; Ilimow, 
ibid. 10, 1460; J. Soc. Chem. Ind. 2, 238; 6, 
661; 6, 135 (r. Petroleum, Russian). 

BAKURIN. A lubricating oil, prepared by 
mixing 100 partB of crude Baku oil with 25 parts 
of castor oil and 60 to 70 part3 of sulphuric acid 
of G6°B. After standing the mixture i3 stirrod 
two or three times with water, the water 
run off, and the oil treated with soda or 
potash (Mtiller, D. R. P. 35141, Dingl. poly. J. 
260, 240). 

BALANCE. A generic term, designating a 
variety of machines /or ascertaining the weigbt of 
a body in terms l of the weight, at the time and 
plaoe, of a standard mass (gram, ounce, pound, 
&c.), and thus determining its mass. By means 
of a balance and a set of 4 weights,' we ascertain 
that a body has P times the woight of the unit 
piece of the set, and concludo that its mass is 
P times the mass of this piece likewise, whatever 
the chemioal nature of the body may be. In 

i 'ustification of this inference we might, refer to 
^ewton , s pendulum experiments, or to the often 
proved ohemical axiom that the weight of any 
body or rtt of bodies is independent of the 
state of combination of its elements. But from 
the standpoint of the chemist it is sufficient to 
know that, supposing even each element had its 


own factor for converting ‘ weight' into mass, it 
would still follow that the weight of a body, 
however complex, is equal to tne sum of the 
weights of wnat in any sense we may oall its 
‘ components,' and that the .ratio of the weight 
W, of fi body of fixed elementary composition to 
the weight W s of another body of even a different 
fixed composition is as constant, although 
perhaps not equal to the ratio of the masses 
M, : M a . Of all balaneos the equal-armed lever 
balance, often called ' the balance ’ par excel¬ 
lence, is by far the most important. 

The balance exists in a variety of forms, 
all of which seek to realise the same ideal 
machine. An absolutely rigid beam, sus¬ 
pended that whilst it can rotate freely about a 
certain axis (which goes across it somewhere 
above its centre of gravity, and of which every 
point holds a fixed position in reference to the 
stand) it is not capable of any other motion. 
F rorri two points, a and 6, which lie in the same 
plane as the axis of lotation—one near the left, 
the other near the right end of the beam—the 
pans are suspended by means of absolutely 
flexible linear strings, a and b are equidistant 
from the axis of rotation. So far all balances 
are alike. In now passing to the actual instru¬ 
ment, we shall confine ourselves in the main to 
the class of balances known as precision balances. 

Of the difficulties involved in the construc¬ 
tion of such balances, that of producing a suffi¬ 
ciently light and yet practically inflexible beam, 
seems to have rested most heavily on the minds 
of the earlier makers; but there can be no 
doubt that many of their efforta in this direction, 
which occasionally resulted in what we should 
now call fantastical beam-forms (hollow ellip¬ 
soids, monstrous skeleton-forms, &c.), must be 
traced back to their inability to reach a sufficient 
degree of precision in the geometric adjustment 
of the three pivots, and to their charging against 
the flexibility of the beam what was really owing 
to these defects in the adjustment. As these 
difficulties were overcome, beams assumed less 
fantastic forms. Sacre of Brussels, we believe, 
never uses any but plain rod-shaped beams (only 
perforated in the middle to insert the bearing 
of the central knife). Most balance makers, 
however, prefer the form of a largely perforated 
rhombus or isoscelos triangle (cut out, virtually, 
of a plate of metal), and thus attain all that is 
needful without offending the eye by unduly 
strotching the middle section, and without UBing 
anything more intrinsically rigid than hammered 
brass or some kind of bronze. In reference to 
ordinary chemical balances (for charges up to 
Bay 100 grams), it would be no great exag¬ 
geration to say that any reasonably made beam 
is sufficiently rigid; only in the case of balances 
intended for very high charges, such as 5-10 
kilogrammes, is it at all worth while to employ 
refinedly designed beam-forms, or to look out for 
a material of exceptionally high rigidity. For 
these particular balances hard steel would be 
the best material; but, unfortunately, steel 
beams are apt to become magnetic. With small 
assay-balances intended for charges up to, say, 
5 jp-ams, on the other hand, tne question of 
rigidity is practically out of court, and the use 
of an exceptionally light material— suoh as 
aluminium, or, better, that alloy of 96 parts of 
aluminium and 5 of silver (which Sartorius of 
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GSttingen uses for small balances generally) is 
indicated. 1 In all balances the axis of rotation 
is realised in. a straight knife-edge ground to a 
prism of hard material, which is firmly fixed to 
the beam, traversing, it crosswise and resting on 
a hard bearing. In'ordinary balances the middle 
knife is simply driven through the beam, and 
only its two ends are supported in cylindrical, 
or, what is better, roof-snaped bearings, which 
form secures to the edge a sufficient fixity of 
position, forward and back sliding being pre¬ 
vented by cutting oil the ends of the knife 
obliquely, so that the edge terminates in two 

* points, and closing the bearing at each end by 
a steel plate, so that the knife has just room be¬ 
tween without jamming. In suspended balances 
the central bearing is fixed at the lower end of a 
light framework, terminating abovo in a hinged- 
on ring for suspending the instrument, from a 
fixed hook or the thumb of the operator. 

In all precision balances the central bearing 
ia attached to a fixed pillar, and is plane ; in the 
best balances tho bearing is made of one piece, 
and the central knife-edge rests upon it in its 
entire length. A plane bearing necessarily in¬ 
volves an arrestment so constructed that, besides 
doing its primary duly, it assigns to each point 
of the central knife-edge a fixed position on its 
bearing. In former times hard steel was used 
exclusively for both knives aad bearings; sub¬ 
sequently agate bearings came to bo combined 
with steel knivos. Robinson of London was 
the first to make both knives and bearings of 
agate. The agato knife adds nothing to the pre¬ 
cision of a ne\jly-made balance, but it always 
remains clean, while a steel knife, in a chemical 
laboratory moro especially, is apt to rust. Steel 
knife-edges are generally ground to an angle of 
60° for 90° for very heavy charges). In agate 
knives, as made by Oertling, only the body of 
the agato prism is ground to 00°, while the edge 
is formed by two narrow facets, inclined to each 
other at a far more obtuse angle. Such an 
obtuse edge stands many years’ constant use 
without wearing out. American makers havo 
introduced the artificially made osmium-iridium, 
which is used for the tipping of stylograph pons, 
as a material for both knives and bearings. 

For the realisation of the two point-pivots a 
and B, a great many combinations have been 
invented. A now obsolete construction of 
Weber’s (Bib. 2) adapts itsolf very closely to our 
ideal conception. He provides the beam at its 
two ends with knife-edges turned sideways and 

• suspends the pans by means of threads of unspun 

silk whioh are fixed somewhere in the back of the 
beam and hang over the odge. The axis of 
rotation is realised similarly. In ordinary 
balances, as a rule, a vertical slit is cut into each 
end of the beam, and this is traversed by a short 
prismatio knife, the edge of which is a circular 
aro of small radius which stands perpendicular to 
the line a b. From each such knife the pan is 

suspended by means of an 8 or 2-shaped steel 
hooh. This construction, if well executed, may 
afford high precision, but tho suspender-hook 
is apt to rub against »the sides of the slit in the 
beam. Hence, wherever the hook-and-eye 
arrangement is adopted for precision balances, 
it is modifiod in this sense, that ttfb knife-edge 

l For a fuller discussion of this subject, v. tiis 
writer’s Memoir (Bib. 6. 822). 


forms a circle of relatively large radius which lies 
entirely outside the bodv ofHbe beam. This 
system, compared with those considered in the 
sequel, offers tho advantage of easy adjustment. 
It used to be very popular with balance makers, 
and many excellent instruments have bqpn pro¬ 
duced with it especially by Delcuil of Paris. For 
small assay-balances it is indeed probably as 
good as any other that could be named; for 
balances intended for higher charges it does not 
possess sufficient durability, although, as the 
writer is able to say from his own experience, if 
well made, it lasts better than is generally sup¬ 
posed. In modern balances it is rarely seen; 
m these, as a rule, the pans are suspended from 
long straight knife-edges, similar to the central 
one, by means of broad bearings which, of course, 
must be arranged so that they neither twiSt nor 
slide. A very efficient and easily made arrange¬ 
ment is to give the bearing the form of a roW 
cut and of one side of a prismatio block of steel 
or agate, and to fix it to the upper end of a 
stirrup-shaped or "7-shaped holder which ter¬ 
minates below in all eye, from which the pan 
is suspended by a suitable hook. The eye stands 
at right angles to the knife-edge; its working 
point, when the instrument is in use, lies verti¬ 
cally below the centre of the respective end-edge, 
and the effect is the same as if the whole of the 
load were concentrated in that one contre-point, 
although the pressure of the bearing on the knife 
is equally distributed over tho whole of its work¬ 
ing length. This hook-and-eye arrangement is 
absolutely indispensable if the pans are suspended 
by stiff stirrups, because, if these were rigidly 
connected with their bearings, the virtual point 
of application of the load would shift forwards 
and backwards on the edge, and the least want 
of parallelism between it and the axis of rotation 
would cause the balance to*give inconstant 
readings. 

These roof-shaped bearings were formerly 
used almost exclusively by'German makers, 
although an undoubtedly superior system had 
been introduced successfully by Robinson of 
London many years ago. sin it the pans 
are suspended by plant bearings whioh a 
suitable extension of the arrestment keeps in 
their right positions. Robinson’s balances 
were justly famous in Great Britain—a few 
of them are still working to this day—yet, 
after Robinson’s death, Oertling was almost the 
only balance maker wdio followed him in this 
respect. The general plea against the system 
w'as that flat end-bearings were liable to twist j 
and some, after having adopted Robinson’s plan, 

‘ improved * upon it by cutting out a central 
portion of each end-knife, so that it worked only 
wuth its two ends; proving thereby that they 
did not understand their business, beoause a 
really plant bearing, ad a matter of fact, does 
not twist on a really straight knife-edge, even if 
the pan osoillates strongly. The principal- 
advantage of the Robinson system is that it 
enables one to do what the roof-shaped bearing 
prohibits, namely, to satisfy himself that the 
knives and bearings are geometrically perfeot. 
But here, as in all analogous oases, we must not 
forget that the excellence of an in^rument— 
supposing it to be based on a reasonable system— 
depends far more on the skill of the maker than 
on the theoretio&l perfection of the design. 
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From the bare realisation of the ideal 
machine, we now* pass to the accessories which 
a balance needs in order to become a convenient 
instrument, and we will consider these in the 
order of their importance. 

The arrestment is a mechanical contrivance 
to enable the beam to be arrested at any point of 
its angular motion, and to bring it to permanent 
rest in its ‘ normal * position, in which the plane 
of three axes stands horizontal. If the three 
pivots are self-adjusting, there is, strictly speak¬ 
ing, no need of an arrestment; still for the rapid 
execution of precise weighings it is almost 
indispensable. 

If the central bearing forms part of a sus¬ 
pended frame, an arrestment is easily devised in 
the ways illustrated by Figs. 1 and 2. Fig. J 
explains itself; in Fig. 2 
the balance is hinged 
on to the bent-down 
end of a flat bar which 
slides up and down 
in guides fixed to the 
pillar between two beds 
of rollers 2x2 m the 
guides on the front side 
of the bar, and one 
which is pressed against 
its back by a spring. 
At its lower end the 
bar has a small wheel 
which rests on the 
shorter end of the 
hinged lever by means 
p JQ j of which the balance is 

raisod or lowered. A 
small vertical adjusting scrow below the shorter 
end of the lever deli nos the lowest position of tho j 
bar at which the pans just touch the table 
without slackening 
the chains. In 
cither case it is an 
improvement to 
suspend a heavy 
block of metal at 
thp lower end of tho 
frame, to compel it 
to hang plumb, and 
. to hinder it from 
oscillating. The 
specific advantage 
of suspended bal- 

jjancos is that they 
| need no horizontal 
table or levelling 
screws at the' board 
on which they may 
bo erected. But 

pillar-balances are on tho whole more con¬ 
venient. In the case of these (supposing 
plane bearings to be absent) a good system 

ib to fix the central bearing to the top of 

a rod .which slides up and down within the 
pillar—properly guided to prevent shaking and 
rotatory motion—and, with its lower end, rests 
on an eccentric concealed in tho sole and governed 
by a lever- or disc -shaped handle. The eccentric 
must be so adjusted that when it is at one of its 
extreme positions, the pans just touch the board 
and.no more, while, when it is in its other extreme 
position, the beam is at its maximum angle of 
free play. In the excellent Tarirwaagen of 


Messrs. Becker’s Sons, Rotterdam, this system of 
arrestment is realised to perfection. 

The system needs only be slightly modified to 
adapt itself to the case of a plane central bearing, 
but we prefer to at once pass to the case of three 
plane bearings, and in dcingao cannot do better 
than describe a balance (for ohargea up to 5 
kilos.) which Mi*. Oertling made for us some yeare 
ago. As shown by Fig. 3, the instrument rests 
on three pillars standing on a hollow square 

a 




Fig. 2. 


Fig. 3. 

block of iron which conceals the eccentric. 
Firmly fixed to the top ends of the pillars is a 
substantial brass frame which terminates at its 
two ends in V-shnped supports for tho end- 
bearings. These latter are agate plates cemented 
each to the horizontal bar of a kind of stirrup, 
the bar terminating on each side in a cylindrical 
steel pin which, when the balance is at rest, lies 
in the corresponding V of tho frame. Tho 
central pillar conceala a movable steel rod, pro¬ 
vided at its lower end with a wheel which rests 
on the eccentric. Its upper end carries a sub¬ 
stantial brass block which divides into two short 
piers above, whilst it expands below into a 
horizontal plate, pierced by a circular perforation 
near each end. These perforations fit exactly 
around two cylindrical steel pins, r, r, fixed to the 
top plate of the pillars, so that the rod, when 
moving up or down, cannot turn or shake in the 
slightest degree. The space between the two 
piers is bridged over by the central bearing, a 
plane agate plate fixed to a prismatio piece of 
brass, which is dovetailed into the tops of the 
piers, so that, while perfectly steady when in its 
place, it can without much effort be slid out or in 
(Fig. 4). It is inserted while the beam ia being 
held in its intended position and passes through 
a large perforation in the beam into which tne 
middle knife projects. The beam terminates at 
its left end in one, at its right ond in two, horizon¬ 
tal steel pins whose shoulders are continuous but 
rapidly expanding surfaces of rotation, and these 
pins fit, the single one into a notch, the couple 
mto a fork, forming part of the fixed arrestment 
frame. In the arrested balanoe each bearing 
is almost in contact with its knife; if the 
eccentrio be now turned, ,the central bearing 
rises and lifts the whole, beams and end-bearings, 
to a greater or less height, and ultimately into 
that maximum height at which the eooentrio 
stands still without being held in its position. 
If tho ecoentrio be now turned the other way. 
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both the beam and the end-bearings fail back, 
ultimately, into their prescribed positions of 1 
rest, even if they should have twisted, which, 
however, they never do in the instrument 
under description. # For a balance intended for 
quick work, and more especially for one used 
occasionally for the weighing out of predeter¬ 
mined quantities of solids or liquids, this system 
of arrestment is the best that we know of, be¬ 
cause it enables the instrument to be handled 
pretty much like an ordinary pair of scales ; only, 
to be able to do so to the best advantage, and 
without spoiling the terminal pivots, the pans 
must be suspended by flexible short-linked chains 
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w'hose length is so adjusted that the pans just 
touch the table when the balance is fully arrested. 
Stirrup-shaped pan-suspenders (as represented 
in the figure) are more convenient than chains 
in many respects, but, for the purpose under 
consideration, they do not work with plane end- 
bearings. The ratchet-wheel visible in the figure 
was intended to enable the eccentric to be 
arrested at intermediate positions (in taring with 
garnets and similar •operations) but was found 
not to work satisfactorily; it is simpler and 
better to have a block of wood so adjusted that 
when put under the handle it just raises the 
beam sufficiently to enable one to see whioh side 
goes down. 


Instead of fixing the arrestment frame to the 
pillar and making the centra! bearing movable, 
wo may of course do the reverse, and fchisi latter 
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system, indeed, is generally preferred for pre¬ 
cision balances of a higher order. - 

The kindness of Messrs. C. Staudinger’s 
Nachfolger of Giessen, Germany, enables us to 
give a detailed description and drawing ci the 
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kind of movable frame arrestment which they 
are in the habit ofiapplyiug to their best instru¬ 
ments. 

As shown by Fig. 5 (I. to IV.) the pillar is 
hollow and accommodates a round bronze rod f. 
This rc$ itself, however, conceals a co-axial 
round rod,L of nickolled steel. The bronze rod 
I, at its lower end, is guided by perforated blocks, 
ft -Pig; L, while at its upper end it terminates 
in a thinner cylinder surrounded by a gontly 
acting spiral spring n. The head of the pillar is 
perforated and guides the attenuated end of f in 
its up-and-down motion. The inner (steel) rod, 
l, is guided similarly within the bronze rod f 
and has a spring t, Fig. II., about its lower 
end to assist its natural tendency to sink. Tho 
two rods f and L carry two independent arrest¬ 
ment-bars ; l tho bar T a for the end-bearings, p 
the bar t, for the beam. 

• A square pillar k (Figs. III. and IV.), which 
rises from a prolongation of the head of the stand 
pillar s, by passing through perforations in the 
two bars t, and t z , prevents any motion of 
these about the axis of their rods. As shown bv 
Fig. IV., an adjusting screw, passing through the 
bar, and a flat spring t on one side of the square 
perforation of the bar (Ti or t.,), enforce steadi¬ 
ness of motion. 

Tho upright pins g g (I.), which are tipped 
with sharp agate cones, arrest the end-bearings 
by rising into corresponding conical hollows m 
the latter. (Fig. 0, though taken from an 
Oertling balance, will give 
an idea of tho way in winch 
theso pins work.) The two 
slanting lines 0 0 (Fig. I.) 
aro meant to indicate 
two supports, which pass 
through slots in tho pillar s 
Fia. 6. * and the bronzo rod f, and 

are fixed to the inner rod l, 
to lend additional rigidity and steadiness of 
motion to the end-bearings arrestment. 

The arrestment of the beam is effected by two 
adjustable piers z rising from the bar Tj of the 
bronze rod. The tops of theso piers carry roof- 
shaped agate bearings, in which the arrested 
beam lies with its lower (bevelled) edge. This 
would be sufficient to keep the beam from turn¬ 
ing. To hinder it from moving progressively, 
there is a horizontal frame l (Figs. III. and IV.) 
united with bar t, by two little pillars a, a, and 
carrying two agate bearings, a roof-shaped one 
at the hinder end and a plane one at the front end 
of the middle (agate) knife. The roof-shaped 
bearing receives that end of the middle knife 
as the roof-shaped bearing of an ordinary 
balance would (sp that by it, and the two beam- 
supports, three points of the arrested beam are 
fixed in prescribed positions); the plane bearing 
in front only supports the knife as it rises up to 
it on arresting. This plane bearing is adjustable 
by means of a screw, so that the arrested central 
knife-edge oan be made rigorously parallel to 
the fixed oentral bearing of the working in¬ 
strument. 

There are three eccentrics, all attached to 
the same axis and governed by the samo handle 
(Fig. II.), <yie, a, for the bronze rod f, a second, 
B, for the jpner steel rod L, and a third, c, for 
a pan-arreetment, whose mode of acting will 
readily be seen by a glance at Fig. I. When the 


I handle stands so that linep (Fig. I.) is vertical 
the beam is arrested ; after this point has been 
passed, the beam-supports remain at the same 
altitude, but, on turning the handle further, 
bar t, is raised to lift the terminal bearings as 
soon as line q stands vertical. The last third of 
the motion of the handle arrests the pans. 

Tho principal feature in Messrs. Staudinger’a 
Nachfolger’s arrestment obviously is the rela¬ 
tive independence of the beam-arrestment and 
of the end-bearings arrestment. In most 
other movable frame systems there is only one 
frame for both, and things are arranged so 
| that the middle edge is held fast after the end- 
! boarings have been lifted by a hair’s breadth, 
and that tho upward motion comes to an end as 
soon as the middle knife is just visible above its 
i bearing. A refinement upon this construction is 
to merely effect the three contacts, and then, by 
means of a special eccentric, to let the middle 
bearing drop through a distance of 0*1 or 0-2 mm. 

Whilst all the several points of a rigid though 
movable arrestment-bar move up ana down in 
' vertical straight lines, the end-edges of the vibra¬ 
ting beam describe circular arcs. Hence wlien- 
j ever tho bar is raised against tho slanting beam, 

| tho end-bearings tend to slide over their knives 
and to spoil thorn. To preclude the possibility 
of this, Becker & Sons, in their finest balances, 
mako the bar for the end bearings arrestment of 
i two halves which are hinged on te the pillar in 
or very, near the axis of rotation. Sartorius 
adopted this system and brought it into a slightly 
different form, regarding which wo refer to Bibl. 

4, where it is illustrated by a drawing. 

In a balance which has only plane bearings, 

' no kind of arrestment, of course, will give satis¬ 
faction, unless its several parts, and also the 
pillar and the sole, are sufficiently substantial to 
ensure absolute constancy of configuration and 
, absolute steadiness of motion even after Iong- 
I continued use. The old masters used to pay great 
! attention to this important point, but it is sadly 
j neglected by the majority of their present suc- 
I cessors. 

I In a balance of which the end-pivots are self- 
adjusting, the movable arrestment frame 
assumes a very simple form. All that is needed 
is a small frame bearing V-shaped notches for 
arresting the middle knife in a prescribed 
position, and fixed to a horizontal bar with two 
projecting pins, in order, at the same time, to 
support, the beam in a horizontal position. As 
these pins have no other function, the bar may 
be very light, and the whole system need not • 
have that absolute steadiness of motion whioh 
is indispensable in the case of plane end- 
bearings. 

The needle and scale serve to define the 
angular position of the beam. In all modern 
precision balances the needle points downwards, 
and is meant to embody a straight line passing 
through the uxis of rotation and standing per¬ 
pendicular on the line connecting the two point 
pivots a and b. The scale is attached to the 
pillar; its zero, if the stand is properly levelled, 
lies vertically below the acis of rotation. To 
enable the stand to be levelled, there must be 
either a plumb line or two spirit levels fixed to 
the pillar, anfi so adjusted that when they point 
to their zeros, the line connecting the sero of 
the scale with its projection on the middle 
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edge is vertical. The Beale should be so gradu¬ 
ated that the needle-line, if produced, would 
cut, not the circle described by the needle’s 
referenoe point, but the horizontal tangent to 
this circle, into pieces,of equal length (r. infra). 
In most practical cases, however, this comes to 
the bo mo as saying ‘ into pieces of equal angular 
value.’ In balances provided with a fixed arrest¬ 
ment frame the scale should be made to move up 
and down with the beam, so that its position in 
reference to the needle remains constant. In 
most balances the end-point of the needle is 
just clear'of the upper circular edge of the scale, 
out it is better to make its lowest portion almost 
linear, and let this project over the scale and 
almost touch it. 

The rider .—Small woights are difficult to 
handle and easily lost. To avoid this incon¬ 
venience, Berzelius conceived the happy idea of, 
dividing the right side of the beam, or rather the j 
horizontal lever arm corresponding to it, into ton 
equal parts, and substituting*ono rider weighing 
ten centigrams for all the centigram and railli-j 
gram pieces of the set of weights. Obviously the 1 
rider, whon suspended at the first, second, &c. 
mark from the centre, acts like 1, 2, &c. centi¬ 
grams placed in the pan, and it is equally obvious 
that every tenth of a division on the beam corre- 1 
sponds to one milligram of additional weight, j 
This system was universally adopted and is still i 
in use, only with this qualification, that wo now 
apply it to the counting of the milligrams by 
means of a rider weighing ten milligrams. The 
reason for the change is obvious. In most 
balances the pojnfcs 0 and 10 of the ridor-scalo 
are inaccessible. Becker & Sons avoid this 
inconvenience by dividing tho arm into twelve 
parts, and supplying a rider weighing twelve 
milligrams. Other makers, for instance, Messrs. 
Verbeek & Peckholdt, of Dresden, make the top 
bar of their beams exactly horizontal, and, 
besides keeping it clear of impediments, make it 
project beyond the terminal edges. One of the 
advantages of this system is that, in the case of 
a short beam, it enables us to double tho degroes 
of the rider scale, by dividing each arm into only 
five (integer) parts, numbering these from the 
left knife onwards and using a rider weighing 
five milligrams. Only, if we do so, the rider 
suspended at the zero must be counted part and 
parcel of the instrument. Bunge providos a 
special rider-bar so contrived that the path of 
the rider lies in the plane of the three axes. This, 
theoretically , is tho most perfect arrangement. 

* A rider arrangement, to be complete, must be 
supplemented by a mechanical contrivance en¬ 
abling one to shift the rider while tho balanco 
case is closed, and to do so with greater rapidity, 
ease, and certainty than would be afforded by a 
forceps, supposing the case to be open. Rider- 
guides fulfilling this latter condition are scarce ; 
even with the best the rider drops down occasion¬ 
ally, and has to be searched for. 

To avoid this souroe of annoyance Hempel does 
away with the rider and substitutes for it a vane 
with a limb graduated into milligrams ( v . infra). 

The gravity hob —a small button or diso of 
metal so attached to a wire standing vertically 
on tile top of the beam exactly above the axis of 
rotation that it can be screwed uj? and down 
along the whole range of the wire. It enables 
one to raise or lower the centre of gravity of the 


beam, and thus to establish any desirable degree 
of sensibility. ‘t 

A bob thus constructed meets all the require- 
ments.of the balance maker, but for the ohemist 
who uses the balance it is desirable to have an 
arrangement which enables him at a mqpient’s 
notice to establish any predetermined degree of 
sensibility. Such an arrangement was invented 
by the writer some years ago (Bibl. 8 and 5). It 
consists of a small bob fixed by mere friction 
to the upper end of tho needle, which at that 
part has the form of a triangular prism, and 
is provided with a graduation. The mode 
of standardising the scale is explained below. 

Some arrangement for establishing perfect 
equilibrium in the unloaded instrument is re¬ 
quired. A small bob screwing along a horizontal 
wire fixed to some convenient part of the beam 
answers best. Less convenient is a * vane,’ 
meaning a little movable horizontal lever at* 
tached to the lowest point of the wire, which 
carries the ordinary gravity-bob, or to the 
upper part of the needle. To understand the 
working of the vane—and at the same time that 
of Hem pel’s invention above referred to—sub¬ 
stitute for the vane an equivalent rigid line 
(Fig. 7). If the vane-line stands in the position 



00— i.e.y if it. is parallel to the middle knife—it 
adds no weight to either side, if turned through 
90® into position O (10), it virtually adds, let 
us say, 10 milligrams to the charge of the right 
pan. Divide the line 0 (10) into ten equal parts, 
erect an ordinate in each point, and you find the 
points 0, 1, 2, 3, &c., of the circular path of the 
end-point of the vane, to which the vane-line 
must point, if the virtual addition to the right 
pan is to be equal to 0, 1, 2.... 10 milligrams, A 
glance at the figure shows one weak point in the 
vane contrivance. There is, however, no need 
of our dividing the oircular limb exaotly in the 
way of our figure. We may, for instanoe, place 
the zero at the —7 and tho ten at the -f 7 ot our 
figure, divide the interval between the projec¬ 
tions on line (10) (10) of +7 and —7 into ten 
equal parts, and so adjust the mass of the vane 
and its distribution that, by turning it from the 
new zero (at —7) to the new ‘ 10 ’ (aj -f 7), we 
virtually add 10 milligrams to the right charge. 
The degrees, corresponding each to I milligram, 
then become so nearly equal to one another that 
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the subdivision of each into ten parts of equal 
arigul&r value is permissible. 

The Theoey oy the Balanub, 

.For a first approximation imagine a balance 
which <js ideally perfect, and assume it to be 
charged yith P grams from the left and with 
P grams from the right point pivot. The 
balance, when free to vibrate, can remain at rest 
in only its normal position, and if brought out 
of it will vibrate about it as a pendulum, because 
the two charges are equivalent statically to 
one heavy particle weighing 2P, situated in 
the central knife-edge. Now, put a small over¬ 
weight A on, say, the right pan ; the position of 
potential rest will shift, and the beam, to reach 
it, must turn (downwards on the right Bide) 
through a certain angle a, which depends only 
on A and on the woignt W of the ornpty beam, 
\fliich latter we may assume to be concentrated 
in its centre of gravity c, the force 2P being 
obviously out of consideration. But the two 
weights, A at 6 and W at c, are equivalent to a 
oint weighing W+A and lying on the straight 
ne c6 at a point c', not far from o. The new 
position of rest is gained as soon as o' lies verti¬ 
cally below the axis of rotation, or, to put it 
in ottfer words, the right side of tho beam goes 
down until the leverage of a is so far reduced 
and that of W has so far increased, that the two 
momenta statica are equal to each other. 

Imagine now the axis of rotation wero shifted 
vertically upwards through a small height h, but 
remained parallel to itself. Tho imaginary point 
weighing 2P now, as soon as the beam* turns, 
has a lever and helps the weight W ; the beam 
will turn through a less angle o' to gain its new 
position of rest, and, supposing 2P to increase, 
o' becomes loss as 2P increases. 

Imagine now tho axis of rotation to be 
shifted downwards towards tho centre of gravity. 
The heavy point weighing 2P grams now helps 
A, and the angle whicli separates the two 
positions of rest will become greater than the 
original angle; the greater 2P tho greater w ill 
be the actual angle a". But the two weights, VV 
concentrated in c, and 2P concentrated in the 
centre of the lino ah , taken jointly, are equi¬ 
valent to one point o' weighing W-f 2P grams, 
and situated on the straight line connecting the 
two points ; and supposing 2P to increase 
gradually from nil onwards, o', in the second 
case, will rise and rise, and at a certain value of 
2P fall into the axis of rotation. The balance 
then has no definite position of rest; and if o' 
rises still higher, the balance upsets. However 
small an overweight A may be put on either side, 
the beam would have to turn upside down to 
reaoh its one (theoretical) position of stable 
equilibrium. 

The balance maker of course takes care so 
to adjust his instrument that even if the sensi¬ 
bility is at the highest value which the balance 
is meant to afford, and the two-sided oharge 
2P at its maximum likewise, the centre of 
gravity of, the wholo system lies on the safe side 
of the axis of rotation. 

Assuming this condition to be fulfilled, the 
balance be exactly equal armed and to be 
charged lyith a pan weighing p 0 grams and a 
load of p grams on each side, the angle a of 
deviation is governed by the equation 


• (ffa “Wi + 2 (p„+p)h, ’ * (l > 

where l stands for tho arm-length, s for the 
distance of tho centre of gravity of the empty 
beam from the axis of rotation, and h for the 
distance of the axis of rotation from the plane 
of the two end-edges, the axis boing assumed to 
lie above the plane. In the opposite oase h must 
be assumed to bo negative, or the plus sign 
before the second term in the denominator be 
replaced by a minus sign. But tga is the ratio 
of the absolute length of scale (measured tan¬ 
gentially, v. supra) corresponding to angle a to 
the distance 1 of the tangent-7.ero from the axis 
of rotation. Hence we have 

” = Ws + 3u> t f-j.,/.= A ■' E ’ • 

where, supposing I to be measured in tangential 
scale degrees, n may be read as meaning the 
number of degrees through which the needlo 
turns in consequence of the addition of A. The 
product condensed into ‘ E ’ we will call the 
‘ sonsibility.’ 

The reciprocal of E, i.e. the number E“* 
*=p, is the weight-value of 1 degree of the scale 

— i.e. the particular A which makes n=*l. 
With a precision«balance the milligram is a 
convenient unit for A. 

For a balance provided with the writer’s 
auxiliary bob, eq. (2) may conveniently be 
brought into the form 

A _ p-i _ + 2Vh ) + %o + y) 

n ' IL ' 

where b is tho weight of the bob and y 0 -f y the 
distance of its centre of gravity from the axi» of 
rotation y 0 , being that distance which prevails 
when the bob is at its highest (zero) position. 
In a well-made balance the influence of P on E 
is small; we may therefore assume the P of tho 
equation to be some average value, and, con¬ 
tracting constants, say, the weight-value of one 
degree is 

E- 1 =* A 4 By . . (3) 

where A and B are constants ; A obviously being 
that value which E- 1 assumes when y==0. —B 

is easily determined by one trial at y=to its 
maximum, and the scale thus standardised. 

The theory of the rider might be allowed to 
take care of itself if in general practice the 
rider’s path exactly coincided with the plane 
of the threj axes. But such is not the case: • 
this path, as a rule, lies above the plane, and 
each mark at its own altitude H. Let us there¬ 
fore assume that, after the balance had been 
charged with P on each side, a rider weighing 
p had been suspended at a point of the beam 
corresponding to the fraction kl of the arm- 
lengtb (at the 10 k) th mark counting from the 
centre). If the beam stand horizontal, and a 
weight kp be placed in the opposite pan, the 
beam will remain in equilibrium, because we 
have l(pk)=p{kl) whatever H may be; tho rider 
whore it is and the chargg kp. (virtually) in the 
left knife-edge are conjointly equivalent to a 
fixed point weighing kp-\-p, and situated on the 
straight line joining the left edge and the point 
(10*) where the rider is. And this equivalence 
holds for the slanting beam as well, and is inde* 
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pendent of P. But the sensibility of the beam 
with the rider on is evidently greater than It 
was with the rider off. Statically speaking, 
the weight of , the beam and the two charges P 
and P are equivalents a fixed point C 0 weigh¬ 
ing W'=*W+2P, and situated vertically below 
the axis of rotation at a distance S„, and this 
particle, conjointly with the one embodied in 
the rider, is equivalent to a point weighing 
W-f-2P-fp, and situated on the straight line 
between C 0 and the point where the rider sits. 
Referring to a system of rectangular co-ordinates 
«whose X-axis passes through the centre of the 
central edge and is parallel to AB, and whose 
Y-axis passes through the same centre, we have 
for the position of the resultant point the 
equations 

z(W' + p) — Ikp ; and t/(W + V) — W's 0 — pH i 



We see that if H be constant— i.c. if the rider- 
path be parallel to the plane of the three axes— 
tga is proportional to the overweight kp virtu¬ 
ally added to the charge of the right pan ; but 
it is as w'ell to notico that the tga of our equation 
is different from the ( tga) 0 which is brought 
about if, instead of hanging the rider on the 
(10&) <k mark, we actually put*Ip units into the 
right pan. Obviously 

(tga) o = (kp)rrj — and less than tga . (5) 
W #o 

With a rider weighing only 10 milligrams, and, 
say, a hectograbi balance, the term pH in the 
denominator comes to very little, but with a 
rider of ten times the weight it (as a rule) can 
no longer be neglected; such a rider cannot 
conveniently be used unless H is constant and 
the rider must always hang at the balance (at 
its zero, over, say, the central knife when it is 
not used as a weight), or else the sensibility 
has one value with the heavy rider on and 
another with the rider off. Another requisite is 
that notches cut into tho beam be substituted 
for mere marks, and that the rider have a sharp 
edge to give sufficient constancy of position to 
its point of application. 

From what we have said so far, it would 
appear that in a balanoe provided with a gravity- 
bob we can givo the sensibility any value we 
may fancy. And so we can, but it does not 
follow that we can command any desired degree 
•of precision. Because the three edges and 
bearings are not what they ought to he, and, 
as a little reflection show's, the effect of their 
defects is the same as if, Bay, the length of the 
right arm, instead of being at the constant 
value l, oscillated irregularly between l— A and 
I-f A, wiiere A is a very small length, which 
increases when W and P increase, but is inde¬ 
pendent of l. And this again is the same as 
if A were nil, but the charge of, say, the right 
side, instead of being at a constant value P, 
varied irregularly from P—f to P-fc. In a 
given balance charge*} with a given P at each 
sid* « is constant, but the corresponding angle 
of deviation /3 varies when the sensibility varies. 
Within this angle 0 the balance is, so to say, in 
a state of indifferent equilibrium. By going a 
little more deeply into the matter, we easily 
satisfy ourselves that, even allowing for the fact 


that we cannot substitute a longer for a shorter 
beam without increasing the beam-weight, e will 
increase when l becomes less. In a balance 
meant to afford a certain degree of precision, 
we cannot allow tho arm length to fail below 
some (very uncertain) value of l 0 . * 

A glance at eq. (2) would show, if it were 
not clear without it, that, if the three axes lie in 
exactly the same plane— i.e. if h*=0 —the sensi¬ 
bility becomes independent of the charge, 
which is a great convenience. But h obviously 
cannot be equal to nil at all charges ; honce in 
the case of the best instruments it is regulated 
so that it has a small negative value when only 
the pans are suspended, and, by the unavoidable 
deflection of the beam, becomes nil at some 
suitably selected medium charge, so that,.from 
this charge upwards, it has small positive values. 
That such a degree of precision cannot hg 
attained by purely constructive methods goes 
without saying; indeed, any precision balance 
requires to be ‘ adjusted ’ before it is fit to be 
used. For this purpose the value of the h corre¬ 
sponding to the medium charge and the ratio 
of tho actual arm-lengths l ': V' must be deter¬ 
mined and the errors h and jr.— l corrected. 

V • 


For the direct geometric measurement of h 
special apparatus have been constructed, which, 
in their present form, we believe, afford a suffi¬ 
cient degree of precision; but the final test 
always is (or at least was until lately) at a suit¬ 
able posit ion of the bob, to determine the weight- 
value E -1 of one degree of deviation for a series 
of charges, say, p=0, 50, 100 grams, &o., up 
to tho maximum charge which the balanoe is 
intended to measure; and to at least virtually 
calculate the corresponding values h by means 
of eq. (2). Whether h is positive or negative, 
is of course seen from the values E~ l without 
calculation. Supposing now h has a greater 
value than can be tolerated, one of the knives 
must be lowered or raised until at a certain 
medium eharge the three edges are as exactly 
as possible in one plane. Most mechanicians 
provide adjusting screws for this purpose which 
enable one to work in a systematic manner. 
Some, however (for instance, Becker & Sons, 
following the examplo of Deleuil), prefer to fix 
all the knives definitely and to alter the form 
of the beam itself by means of the hammer. If 
the central edge has to be lowered, the lower 
bar of tho beam is struck (on both sides); if it 
is to be raised, the upper bar is struck, until the 
correction is presumably almost but not quite 
completely effected. The values E -1 ’ are then 
again determined, and if they are not suffi¬ 
ciently near one another, the hammering is 
renewed until the adjustment is perfect. In a 
eimilar manner (or by means of adjusting 
screw's) the tw'o arms are made equal to each 
other. The test here is very simple. The 
balance, after having been brought to the 
highest degree of sensibility which it will stand 
at the highest charge P, is charged with exactly 
P grams on each side. The longer arm goes 
down, and by determining the small over¬ 
weight which must be added to the other side to 
establish equilibrium, we can easily det&mine the 
ratio V : l" numerically. Ail these adjustments 
are effected by the mechanician, and when once 
effected are final. Some mechanicians—for in- 
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stance, the Beckers—fix even the centre of 
gravity, but this'is a mistake. A balance, to be 
complete, must have a movable 1 bob ’ to enable 
the operator to givo the sonsibility that value 
which suits him best. What degree of sensi¬ 
bility Tthould we choose ? Answer : In general, 
the lowert degree which suffices for the purpose 
in hand. Supposing, for instance, we can neglect 
tho half-milligram, it is of no use to screw up the 
bob any higher than necessary for rendering 
the angle of deviation corresponding to 0*5 mil¬ 
ligram conveniently visible and no more, because 
the less tho sensibility, the greater tho range of 
weights determinable by the method of vibra¬ 
tion, tho greater, as is easily shown from cq. (2), 
the relative independence of the sensibility from 
the qharge, and last, not least, tho less the time 
of vibration. Tho time of vibration can of 
qourse not be allowed to fall below a certain 
minimum, or else tho centres of gravity of the 
charges will not be able to follow the oscillations 
of tho beam with sufficient promptitude. But 
this clause, with larger balances wrought at high 
precision, usually takes care of itself. Tho 
exact relation in a balance between the time of 
vibration t (in seconds) and the sensibility E is 
gives by equation: 

P = 1(4W + 2P]-13 . . (0) 

where R is the length of the mathematical 
pendulum beating seconds at the place of obser¬ 
vation, P the total charge on one side, and k 
a numerical factor, being the momentum 
inerti ce of the empty beam. With t he cust oma ry 
perforated rhombus or triangle, k is very nearly 
equal to §. From the oquation wc clearly see that 
with a ‘ bob ’ of sufficient range we can choose 
our own time of vibration or our own sensibility, 
but we cannot, chooso both, in a ready-made 
balance. It stands differently with a balance to 
be constructed. To avoid indefiniteness, let us 
assume that we wished to design a balance for 
weighing quantities up to 100 grams with a 
toleration of 0-1 mgr. Let us assume also that 
we had made up our minds regarding the mate¬ 
rial and tho general form for the beam, and that 
we had defined tho latter so that tho relation 
between arm-length l, and weight W, were in 
accordance with an equation of the form 

W = C + BI . . . (7) 

where W includes the empty pans, C designates 
the conjoint weight of all that which is inde¬ 
pendent of l; ana B stands for the weight of the 
rest if the arm-length 1= 1. Our equation now 
assumes this form 

r = gj{o’ + 2 p + m}e . .(8) 

where p stands for the charge in each pan. 
This equation affords some guidance in the 
selection of l. Assuming for E a value which 
renders the decimilligram just visible, and 
taking p=0, we substitute for t the smallest 
admissible value and solve our equation in 
retard to l. Of course l cannot be allowed to fall 
below that minimum l 0 (v. supra) at which the 
inherent error would rise to anything like 0 1 mgr. 
Where does this limit value l 0 lie ? Staudinger 
used to draw the line at 200, Oertling at 180 
miflimetrts, And Similar values wore adopted by 
other makers, until Bunge, some twenty-five 
yean ago, showed in thei most direct manner 


! possible that a sufficient degree of constancy 
can be attained with an arm-length of as little as 
60 millimetres. Thanks to the general excellence 
of Bunge’s work his short beams soon became 
very popular with chemists, and the fact that 
almost all other German makers have since come 
to adopt the Bunge system shows that tho 
additional perfection in the pivots which the 
short beam undoubtedly demands is not so 
difficult to realise as an outsider might be in¬ 
clined to think. Assuming this difficulty to be 
overcome , it cannot bo denied that the short in 
opposition to the long beam does offer certain 
advantages. 1st. It is relatively light, and hence 
the working of the arrestment is a less effort^ 2nd. 

It is less liable to irregularities through one-sided 
< lovation or depression of temperature. Perhaps 
we may add that, 3rd, it is easier in its case than 
in that of the long beam to make a smooth¬ 
working arrestment, and on this account chiefly 
it enables one to weigh more quickly. 4th, and 
least in our opinidn, it vibrates more quickly. 
Not that we value this last advantage at nothing. 
The writer's auxiliary bob indeed was invented 
with tho very object of remedying the corre¬ 
sponding defect in the older form of the instru¬ 
ment, being originally intended to be used thus. 
In the outset, place the bob far down, say to the 
mark vshere 1° of deviation corresponds to 2 
mgrs. or some other value securing great rapidity 
of vibration, and establish equilibrium as far as 
thus possible. Then raiso the bob to the mark 
at which 1°=(H mgr., allow to vibrate, shift the 
rider correspondingly, and verify your result. 
The writer, however, soon came to find this 
method less convenient than he had expected, 
and adopted another very obvious expedient. 
It is easy in any beam to bring down the time 
of vibration to the least value one could reason¬ 
ably wish for by screwing down the bob to the 
corresponding plaoo. This, of course, may 
render the decimilligram invisible to the “baked 
eye. But why not help the eye by optica] 
means ? An ordinary lens magnifying six times 
linearly affords more than thero is any occasion 
for; only it magnifies the parallactic error as 
well, and tho effort to avoid this error strains the 
eye very unpleasantly. This experience led the 
writer to the following combination, which he 
found to give perfect satisfaction. A narrow 
ivory scale divided into degrees of about 0T mm. 
is fixed slantingly to the needlo pretty far down, 
yet fur enough up for not obscuring the ordinary 
scale which does duty as usual; on the othcri 
hand, a compound microscope of feeble power, 
which passes through the central fixed portion of 
the front pane of the case, is fixed slantingly to 
the pillar. The microscope has one vertical 
4 wire * in its focus which acts as a needle. As 
the microscop inverts its images, the apparent 
motion of the wire in reference to the-scale 
(which one easily persuades himself is fixed) is 
the Bame in sense as the real motion of the 
needle in reference to the ordinary scale, 60 
that mistakes in regard to the -f- and — are 
avoided. The ordinary sfale.is graduated after 
the micro-scale so that each of its degrees is 
equal in angular value to 10° of the latter. 
The write* some five years ago caused Mr. 
Oertling to apply this arrangement to two ol 
his balances, and he has found it to work very 
satisfactorily. Although it was originally in* 
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tended chiefly for special occasions - the adjust¬ 
ing of weights, &c.—it is used even for our every¬ 
day work, as it was found that the microscope 
puts a loss strain on the eye than the naked-eye 
reading of the ordinary scale. The micro¬ 
scopic arrangement described adds about 3Z. to 
the cost of the balance. A cheaper arrangement 
is the following. A micro-scale, divided con¬ 
veniently into fifth-millimetres, is fixed slantingly 
to the pillar, the needle at the corresponding 


part is shaped thus, 


and a hair by means 


b I 

of capillary perforations is stretched out between 
a and b ; the hair is parallel to the face of the 
scale, and only some 0-2 to 0*5 mm. removed 
from it. A short terrestrial telescope, fixed in 
the central (fixed) part of the front-pane of the 
case, serves for the readings. The object glass 
serves only to produce an image of the scale and 
hair within the tube, which the eye-piece (a 
compound microscope) magnifies as far as neces¬ 
sary. As the telescope need not be perfectly 
steady, it can be fixed at a relatively low cost. 
We have used this arrangement in connection 
with one of our balances for over two years, and 
found it to be almost as good as the one first 
described. # 

On the Setting up and Testing of a 
Precision BalXnce. 


A roal precision balance, to be able to do 
justice to itself, must stand on a very steady 
support, in a room where it is not exposed to 
one-sided changes of temperature. The light 
should fall in from the back o f the observer. 
The best support, of course, is a pillar of masonry, 
standing directly on the earth. Next after it 
(in a substantially built building) comes a shelf 
fixed to the wall by strong brackets. A good 
heavy table, however, suffices in practice. In 
a large city the street traffio becomes very in¬ 
convenient in weighing. Its effect can be 
minimised by putting small pieces of thick 
vulcanised-rubber plate between the legs of the 
case and the table. In the examination of a 
newly set-up balance we naturally begin by 
seeing that the arrestment, the rider-shifting 
apparatus, &c., are in good order, wo then level 
the case, and next leave the balanoe to itself 
for some four hours at least, to enable it to 
acquire the temperature of the room. After 
these preliminaries we proceed to tho following 
determinations. 

_ Determination of the inherent error e.—For 
this purpose wo ciiarge the balance equally 
on both sides with the highest weight which it 
is intended to measure (a hectogram balance, for 
instance, with a hundred-gram piece on each 
side), and after having established approximate 
equilibrium at the highest degree of sensibility 
which the balance will stand at this charge with¬ 
out giving obviously inconstant readings, deter¬ 
mine the exact position of rest, first with the 
two hectograms in 'he centres of their pans, 
and then, m a series of successive experiments, 
with one or other of the hectograms placed 
at some point of the edge of its pan so as to 
give any non-parallelism in the arcs or any 
other defect in the terminal pivots a good 
chance of influencing the result, taking care to 


interpolate occasionally an experiment with the 
two weightB centrally placed in order to see if 
the balance still gives the same readings as it did 
at first. If it does not, this is probably owing to 
external causes, such as unequal heating of the 
two arms. To be able to translate decrees of 
deviation into differences of weight, vfe must at 
some stage make two successive determinations 
of the position of rest, one with P' in the left 
and P" in the right pan (P' and P" stand for the 
two hectogram-pieces) and another with, say, 
i one milligram added to P". For the precise 
determination of a position of rest, we cause the 
balance to vibrate moderately, and (neglecting 
the first reading as being in general liable to 
irrogularities), record 3, 5, 7 . . . successive 
turning-points of the needle, applying a* 4 to 
scale-points lying to the left, and a — to scalo- 
points lying to the right of the zero (or wye 
#crsA) ; an odd number in any case in order to 
correct for the retarding effect of the resistance 
of the air, &c. ; thoso influences, in other words, 
through which the needle, supposing it to start 
from —4°, at the end of a double vibration, does 
; not come back to exactly —4°, but perhaps to 
j —3’7°. The algebraic sum of any two succes¬ 
sive readings gives- the point a of the socle at 
J which the needle would come to rest, in half- 
degrees, and there is no reason why the half- 
degree should not be adopted as a convenient 
unit for the purpose in hand. Supposing the 
readings to be 

°i a 4 a, 

(Example) + 3-7 - 2-7 +3-6 - 2-4 +3-5 
we have for a the values : a,d-a 2 ~-f J-0 ; a 2 + a s 
— -f0*8; + +1*1 ; a 4 a 5 = 4-1*1 —Mean 

| — 41 0. 

The mean value of the fopr results is put 
jdown as the value of a. Supposing a, through 
j the addition of A milligrams to tho right 
charge to increase by n domi-degroes, then 

! E — ^( = 2 ‘ E ’ in the sense of our equation 
J (2)) is the sonsibility in don^j-dogrees; and its 
reciprocal E- 1 = £e * * * 0( l uat ion (2)j 

the weight-value of the demi-degroo in milli¬ 
grams. Supposing the values for a obtained 
with abnormal positions of the charges to be 
a u « 3 , &c., instead of tho mean value a„, 
corresponding to the centrally placod charges, 
then (a 0 —aJE-^iq, (a 0 —a : )E-'=t; 2 , &o., give 
each a value for the inconstancy of the balanoe 
in milligrams (or rather fractions of a milli¬ 
gram, it is to be hoped). According to a rule 
deduced from the law of frequency of error, the 
computation 

0-845 , , 

r= 7^=7 ) iv ‘ +v ' +v ‘ + • • • ■> 

whore all the v’b must be taken as positive, 
gives the ‘ probable ’ weight-value of the devia¬ 
tion of any one a from a 0 , meaning that value of 
(a 0 —aJE- 1 which, in a very large number of 
determinations, is as often exceeded as not 
reachod. But in practice the number of deter¬ 
minations made is never sufficiently great to 
bring out anything like a close approximation 
to the law, and it suffices to take r as being equal 
to 0 -846 times the njean of all the values v, and 
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adopt it as sufficiently near to the theoretical * 
The probability ttf&t, in a given case, (a 0 —a)E~ l 
exceeds , 

2 r 3r 4r fir 

is 0 18 0-04 0 007 0-0007 

respectively. 

In theSe determinations, if the balance lacks 
a microscopio reading arrangement, it is as’well 
to read from a distance with a telescope, to avoid 
the parallactic error which we have no right to 
charge against tho balance. 

Determination of A.—All that is necessary is 
to determine the weight value of one degree in 
the sense of equation (2) for, say, p=100, 75, 
60, 25, 0 grams, and to calculate the corre¬ 
sponding values h. In a good balance h is so 
small *that (supposing our rule regarding tho 
adjustment of the bob to be followed) the sensi¬ 
bility remains almost constant from p—0 to 
p=100 grams. Hence, practically, it suffice* 
to adjust the bob so that at a convenient average 
charge (where ‘ average * refers to the most 
frequently occurring values of p) one demi- 
degree corresponds to say £ or £ of a milligram 
exactly, and then to see what it is at other 
charges. If there is no Sufficient constancy we 
enter the values E- 1 found on a system of rect¬ 
angular co-ordinates in function of the charges 
p, and draw the nearest curve to the pointB. 
This curve (if h were absolutely constant) would 
be a straight line. In any case it supplies the 
data for a table of values for E- 1 . This table, 
however, must not be relied on in standard 
weighings, because the value k is subject to 
changes, fdt this reason amongst others, that the 
agate of the knives has a different coefficient 
of expansion from tho metal of the beam. 

The arm-lengths. —For tho determination of 
the ratio of tl\e arm-lengths, the orthodox 
method (for a hectogram balance) is to adjust two 
hectogram-pieces to exact equality, and, after 
having established equilibrium, to put one into 
the left and the other into the right pan, &c. 
But in practice tho following method is better. 
Take any two fairly well adjusted hectograms 
and viewing them, one as a standard representing 
100,000, the other as an object weighing x milli¬ 
grams, go through the ordinary operation of 
weighing once with the object in the left pan and 
the standard in the right, and once the other way. 

Supposing (using S as a symbol for 100,000 
milligrams) we find 

xv «(8+*,r .... i 
zJ"«(S + 5.)i' . . . .II 

(where any 8 may be negative), we have by divi¬ 
sion of I by II, and subsequent multiplication 
with l" : l' t 

(f\’_B + r _ 1 + £ 

\F) s+ 

1 + S 

whence, as a sufficient approximation, 



No maker who has a name to lose would 
care to send out a precision balance in which 

I—L is fhore than 10*00005 at the outside, 
* * 

although for any scientific purpose a considerably 
greater error could be tojerated. The corre¬ 


sponding adjustment indeed, while of the first 
importance in commercial balances, in precision 
balances is in a sense irrelevant. 

Unequal-armed Le^er Balances. 

(1) The steelyard or Roman balance .—In it 
only the shorter arm (of the length l) bears a 
pan ; the longer arm, by notches cut into its 
back, is divided into parts of equal length, l 
being the unit. The working points or lines of 
the notches should lie in the plane of the two 
edges, being s# many bearings for the knife-edge 
forming part of a sliding weight adjusted to P 
units. Tho unloaded balance is in its position 
of rest when the beam stands horizontal. To 
weigh a body, it is placed in the pan and the 
sliding weight shifted forwards from notch to 
notch until (when the weight hangs at the 
distance nl from the axis of rotation) the beam 
is again at rest in its horizontal position. We 
then have for the weight sought 
xl=nlR or x=nP. 

As fully explained above, the principle of the 
steelyard is discounted in the modem precision 
balance for the determination of small differ¬ 
ences of weight. In theory there is no objection 
to its extension to the determination of weights 
generally, but the technical difficulties to be 
overcome are gjeat. On an equal-armed 
balance, whose beam is divided into 100 equal 
parts (from end to end), all weights from 0*0001 
to 100 grams might be determined with three 
riders weighing half of (100, 1, and 0*01) gram 
respectively, but tho realisation of 101 exact 
pivots is no small matter. Where relatively 
high precision is aimed at, it is better to provide 
only a small number of notches (say 10) and 
have a set of riders, weighing say 10, 1, 0*1, 
0*01 grams respectively. The specific gravity 
balances of Westphal of Celle, are made on this 
principle. It strikes us that the steelyard 
principle might be discounted for the decimal 
subdivision of weights, thus : 

Imagine a precision balance whose two arms 
measure 101 and 111 units. 10 grams placed 
in the pan of the longer arm are balanced by 
10+1 grams placed in that of the shorter ; hence 
a 1-gram piece may be adjusted after two exact 
10-gram pieces, &c. 

The tangent balance has only one short arm, 
from which the pan is suspended ; its centre of 
gravity lies low, so that the momentum staticum 
Wa of the beam assumes a high value, and even 
a considerable weight placed in tho pan produoes 
only a moderate angle of deviation. The needle 
moves along a circular limb divided so that 
the readings are proportional to the tangents of 
the respective angles of deviation, and give the 
corresponding weight* directly. The equation 

(see equation (1), above) holds theo¬ 
retically for any value A, but the angular 
deviation corresponding to 1 gram of additional 
charge becomes less and less as the charge in¬ 
creases. The tangent balance, though useful for 
the rough weighing of letters, parcels, &o., is not 
available for exact gravimetric work. 

Compound Lever Balances. 

In all these, practical convenience and rapid 
working are gained at the expense of precision. In 
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the Jicberval balance the pans are above the 
system of levers (which as a rale is concealed 
in a box), so that there 
is room for bodies of 
even large dimon 
sions. Our diagram, 
Fig 8, is intended to 
explain only the prin¬ 
ciple of the machine, 
which in practice as¬ 
sumes an endless 
Fia. 8. variety gf forms. 

The beam consists of two parallel vertical 
' parallelograms of which only the front one is 
represented in our figure, r and / (and f* and 
f' in the other parallelogram) are fixed pivots, 
a, b, a and b (a', b\ a\ b\ behind) are movable ! 
joints. On 08 ch side a horizontal bridge con¬ 
nects a point d on the vertical side A a (and a 
similar point on jib) with a corresponding point 
D' on tho back parallelogram (so that, for in¬ 
stance, Aa, a'u', w>' form one piece) and, 
from tho centres of these bridges, vertical rods 
arise which support tho pans. Supposing each 
pan to bo chaiged with P pounds, the centre 
of gravity of either of these two equal charges 
may lie in any of a great many positions about 
the respective pan, yet the statical effect is tho! 
same as if it woro concentrated, ono in the centre 
of the one bridge, and tho other in tho centro of 
the other; the two chargos will balance each 
other, because, if the centro of gravity of ono 
descends by h mm. that of the other rises by 
h mm., so that tho work PA is tho same on both 
sides. An over-weight added to ono of tho 
charges will bring down that side. The bars 
ab and a'b' are relatively heavy beams, the 
lower bars ab and a'b' are light. Hence it 
depends chiefly on the distribution of the mass 
in the beams ab and a'b' whether the balance 
(if nearly equally charged) has a definite posi¬ 
tion of rest: but even if it has, it will never 
vibrate like an ordinary balance, on account of 
the great friction in the numerous pivots. If it 
could only be cured of this defect, the Roberval 
would be tho ideal balance for- the counter or 
ordinary weighings in the laboratory. This 
problem has been to some extent solved in the 
torsion balance of Springer, in which the axes 
are realised in stretched out horizontal bands 
of elastic steel, which act, so to say, as knives 
and bearings in one. 

The ‘ torsion balance ’ is made 1 in a great 
variety of forms, but tho principle of construction 
-•ii the same in all. Tho following description is 
based upon the examination of what was sold as 
a high-olass pair of counter-scales for loads up 
to 20 lbs. As shown by Fig. 9, the balance con¬ 
sists of two parallel beams united into a flexible 
parallelogram by means of three vertical frames, 
the bond of union in the case of each frame con¬ 
sisting of two horizontal bands of elastic steel, 
which bridge ovgr oertain gaps of the frames, 
the middle portion of each band being firmly 
united with the respective beam end at its lower 
side by means of a screwed-on block of metal. 
In this instrument thq beams measure 290 mm. 
from end pivot to end pivot, tho steel bands are 
6-6 mm. broad and 0-49 Mm. thick ; the length 
of the working part of a band is 58 tnm., 29 on 
* i By the Torsion Balance and 8cale Company, 92Reade 

Street. New York. 

VOL. l—T. 


each side of the beam. The middle band lies 
below the plane of the two enti bands by about 



Fig. 9. 


2 mm. The central frame, which does service as 
a pillar, is fixed to the sole of the instrument, 
the end frames are fixed only to their respective 
beam ends. Fig. 10, which is drawn to scale, 



represents one of the end frames. The two steel 
bands of each frame, though independent of each 
other in their action, are really parts of one 
continuous band which is wound tightly round 
the edge of the frame, tho ends meeting in 
b or b', where they are, we presume, riveted on. 
To give them tho requisite degree of high tension, 
the frame, of which part of the rignfc side is 
movable, is stretched laterally (by means of pegs 
fixed to the two sides of a vice and slipped 
through the two holes of the frame) and the gap 
which is thus produoed between the two halves 
of the right side of the framo is made permanent 
by means of metal plates wedged into it. The 
central frame is somewhat differently shaped 
from the lateral ones; the upper ring, r, is 
omitted, to enable the upper beam tb pass freely 
through between the legs of a stool fixed to the 
lower and terminating in a vertical peg which 
serves as a needle and carries a globular gravity 
bob. The bob, which in the case of the balance 
under consideration weighs 458 grams, i.c. more 

' 9 T 
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than a pound, can be raised or lowered to enable 
the sensibility of- the instrument to be varied. 
The system of beams is inclosed within a case 
of plate-glass; tho top plate supports an arch 
made of a metal tube from which an ivory scale 
graduated on both sides is suspended vertically 
so that its lower edge runs through a notch in 
the upper sharpened end of the needle to enable 
the vibrations to be read from either side. 

To explain the working of tho instrument, 
let us for a moment substitute for the steel bands 
so many linear wires, which, though unbendable, 
offer no resistance t,o torsional disfigurement. 
The torsion balance thus modified is in theory 
identical with the ideally perfect ' Rob-rval,’ 
and, if the centres of gravity of the beams 
are in their axes of rotation, the parallelogram 
will We in a state of indifferent equilibrium at 
any shape which it may assume. To give it a 
definite position of rest, we must cither shift (let 
us say one of) the centres of gravity vertically 
downwards, or else we must endow our ideal 
wires with torsional elasticity, which, of course, 
brings us back to the actual instrument. But 
the torsional elasticity of the steel bands is very 
considerably more than we want; its effect on 
the sensibility is the same as if (supposing the 
upper beam is susponded at its centre of gravity) 
that of the lower lay at a very considerable depth 
below its axis of rotation. To give the balance 
a sufficient degree of sensib.lity, we must raise 
the centre of gravity of say, the lower beam, 
until the stability of the position of rest is reduced 
to a sufficiently small value. In the actual in¬ 
strument this is effected by means of the heavy 
gravity bob above referred to. 

The principal advantage claimed for the 
tonion-balance, in contradistinction to the 
Roberval balance, is its freedom from friction; 
and this advantage it undoubtedly possesses, but 
it is compensated for to a large extent by the 
unavoidable viscosity in the elastic bands. Tho 
instrument described above, when equally 
charged on both sides, and with the bob suffi¬ 
ciently far down, vibrates like a precision balance 
of a high order ; the position of rest as calculated 
from a series of couples of successive deviations 
of the needle, is remarkably constant, up to at 
least a charge of 5 kilos, on each aide ; but once, 
when we determined the sensibility at first with 
no charge, then at a charge of 2 kilos., and lastly 
for a charge of 5 kilos., and then rodetermined 
the sensibility of the unloaded instrument, we 
found that it was out of equilibrium to the extent 
of more than a docigram. We also found that 
the reading of the balance is not quite indepen¬ 
dent of the position of the loads on the pans. 

Theordinarydccimalbalance, as used for weigh¬ 
ing heavy loads, is a combination of levers as 
shown in Fig. 11. a, b, c, d, c, f, g, h, are all joints 
or pivots ; a , 

and h rest 
on the fixed 
framework of 
the machine 
and conse¬ 
quently in¬ 
directly on - 

the grovnd, * 10, 

c rests on the lever ah. In tho actual maohine 
cd supports the bridge which accommodates 
the load, while a pan suspended at / receives 
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the weights. The pan is so adjusted that it 
coupterpoises the bridge. Suppose the load 
amounts to P units and its centre of gravity 
lies vertically above i; a portion P c presses on 
the knife-edge at c and the rest P d = P —P c pulls 
at d mid with the same force at g. Now P c pull¬ 
ing at c is equivalent to a less force b P c pulling at 


b, and b P c . ah — P C .ac, whence bP 0 =pc_. But 

oo 

hP* pulling at b or e is equivalent to a creator 
lorce ,,P C pulling at g and e P„. gh—\£ c , eh\ 

hence g P t = ^ • b P c = ^—. Pc 
g yh gh ab 


The dimensions aro sc adjusted that ^ ~ 

th o.c 

whence ^ ; hence the joint offoct of 

P c and P,i at. g is the same as if they both, i.e. 
1’, were suspended at g ; and if, for instance, gh 
is of hf , P units in the pan will balaneo 
tho P units lying' on the bridge. In many 
balances of this kind tho long arm hf is dividod 
so that lesser weights can be determined bj 
means of a rider. 


Elasticity Balances. 

Imagine an elastic solid body—beam, wire, 
spiral, &c.—to be held last in one or more 
fixed points, and .suppose some ono other point 
« to be used as a pivot for the suspension 
of a load of P units. Point a will sink until, 
at a certain depth h, the strain developed by 
the deformation of the working body balances 
that weight P. As long as tho working body is 
not stretched beyond its limit) of perfect elas¬ 
ticity, the length h> if not proportional to, is at 
least a fixed function of P; hence the path of 
a can be graduated, at least empirically, so that 
each point of tho scale corresponds to a fixed 
number of units of weight. This is the general 
principle of the multitude of spring balances. 
Sometimes a relatively strong spring is used to 
effect only a small displacement of a even with 
tho highest charge, but this displacement is 
then multiplied by a system of levers, so that 
the least difference of weight which the balance 
is meant to show becomes visible. In a very 
neat, kind of spring-balance, which has become 

f iopular, the displacement of a is, by means of 
evers and a toothed wheel, translated into the 
circular motion of a needle which moves along a 
dividod circular limb like the hands of a clock 
on their dial. 

Jolly constructed a quasi precision spring** 
balance for sp.gr. determinations thus :—A long 
spiral of wire is suspended vertically in front 
of a vertical millimetre-scale, etched on a strip 
of plate glass which is silvered behind, so as to 
avoid the error of parallax. From the lower end 
of the spiral a light pan is suspended ; the index 
is close above the pan at a convenient point. 
The instrument has nevor come into general 
ubo, because any second-class precision balance 
boats it in every sense. A similar remark 
applies to an ingenious little instrument invented 
by Ritchie for the determination of minute 
weights. 

Ritchie's balance consists of a very light 
beam whosB axis of rotation passes through its 
centre of gravity, and which is firmly united 
with a thin horizontal wire which lies in the 
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axis of rotation. The hind end of the wire is 
absolutely fixed to the stand; the front ^nd 
forms the continuation of the axis of a circular 
pin revolvablo within a circular bearing. A 
needle fixed radially to the pin points to a 
divided circular limb. The empty balance is so 
arranged before uso that the beam when hori¬ 
zontal is at rest. To determine a small weight 
(x mgr.), it is placed in, say, the right pan, and 
the wire turnod from the right to the left by 
turning the pin until after tho needle has passed 
through a degrees (where a may be more than 
360°); the beam is again at rest when horizontal. 
We thon have x=const, a. The constant must 
be determined by experiments with known 
weights. Sartorius of Gottingen used to apply 
the Ritchie arrangement to his precision balances 
for the determination of differences of weight 
from 10 mgrs. downwards (Bibl. 6), but he has 
long since givon up the notion : at any rate it is 
no longer to be seen in his price list. A Ritchie 
balance might perhaps do well for the adjusting 
of small weights, but a small precision steelyard 
would work infinitely better. 

Sartorius’ combination, if provided with a 
relatively strong wire, might make a handy 
instrument for the rapid (approximate) deter¬ 
mination of weights without the use of any 
standard mass loss than 1 gr^ni. 

The Hydrostatic Balance 
is a hydrometer provided with a relatively large 
body and a narrow neck, and so adjusted that it 
weighs considerably less than its own volume of 
water. The t6p end of the neck bears a hori¬ 
zontal table, which serves as a pan, or, what is 
better, is provided with a horizontal system of 
cross-bars, from whoso ends a pan is suspended 
by means of wires or chains, below the shelf 
supporting the vessel containing the floating 
hydrometer. A certain weight P, placed in the 
pan, brings down tho hydrometer so far that the 
surface of the water touches a certain mark on 
the stem. If an unknown weight x requires to 
be supplemented by standard weights equal to p 
units, to produce the samo effect, x-\-p= P, or 
£=P —p. Even for P= let us say 2 kilos., the 
neck need not be thicker than an ordinary 
knitting needle, so that the milligram, as a differ¬ 
ence of weight, becomes perceptible. Wherever 
a precision balance has to be extemporised 
this instrument is useful; but it has no other 
raison d'ttre. Indeed of all the multitude 
«of machines which the science of mechanics 
places at our disposal for tho measurement of 
weights, the equal-armed lever-pendulum is the 
only one which, so far, has worked satisfactorily 
for precise gravimetric determinations. 

A balance based on dynamical principles has 
been proposed. Imagine a pendulum provided 
with a sniftablo bob above the fulcrum, and 
carrying a pan attached to tho bottom end of the 
rod by a hook-and-cyo. In a given instrument 
the time of vibration is a function of the distance 
of the bob from the fulcrum, and of the weight x 
of the objeot in the pp,n, and consequently the 
w'eight x is a function of the other variables. 
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On Highly Refined Weighing. 

Introductory.—In the late Professor Dittlfiar’s 
article (vide supra), typical forms of the precision 
and other balances have been considered: 
the theory of the balance and the conditions 
necessary for accurate work in general, have also 
been duly treated. In tho present article, it is 
tliereforo unnecessary to add more than a con¬ 
sideration of some exceptional, but absolutely 
indispensable, precautionary measures adopted 
when we desiro to reach that which some may be 
inclined to term an ultra-degree of refinement 
of weighing. 

This article is based chiefly upon results 
obtained during two researches, which, for 
successful issue, demanded more than usual 
care. Tho subject was of necessity studied 
from tho severely practical point of view; and 
few, if any, of the remarks that follow have their 
foundation in pure theory aloqp. Tho following 
points are severally discussed :— 

(1) The Balance Room. 

(2) The Balance Table. 

(3) The Levelling Screws. 

(4) The Scale. 

(5) The Illumination of the Scale. 

(6) Of possible Variations in tho Level of the 
Bench. 

(7) The Telescope and its Carriage. • 

(8) Of the Necessity for Fatiguing the Beam. 

(0) Devico for Maintaining Uniformity in the 

Temperature of the Beam. 

(10) Temperature Coefficients of a Balance. 

(11) Suppression of Air-Streams about the 
Pans. 

(12) Concerning the Wiping of Glass Vessels. 

(13) Of Certain Precautions to be taken in 
Weighing Glass Vessels. 

(14) Determination of the Pressure Co¬ 
efficients of Glass Globes. 

(15) Of the Different Methods for Weighing. 

(16) Errors attending tho Weighing of Hot 
Bodies. 

(1) The Balance Room. —The balance room 
should be upon tho basement: and in selecting 
it, the choice should fall upon one having a north- 
easterly aspect: for‘then comparatively little 
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direct sunlight can enter the window even during 
midsummer. A ary, airy cellar is an almost 
ideal room for a balance that is to be used for 
highly refined weighing. But in either case, 
and particularly so in the latter, the variations 
in the'temperature of tho air within assumo 
minimunf values; this is frequently of great 
import. For a series of weighings, no weather 
is so favourable as that which prevails when the 
sky is overcast and wind absent. 

(2) The Balance Table .—For work of supreme 
accuracy, it is imperative that tho balanco be 
placed upon a massive pillar of brickwork or 
stone: and this should rest upon a foundation 
sufficiently deep to guard against all local 
vibrations. The flooring should not have, direct 
contact with the pillar; otherwise vibrations 
may readily pass from the former to the latter, j 
and so to the balance. An excellent plan is to 
cap the pillar with a rectangular block of slate : 
this may have a thickness of from 1 to 1 •/» inch. 
The slate Rliould be closely cemented to the main 
block, and have its upper surface as far as j 
possiblo truly plane The slate, freed from all | 
grit and dust, is covered either with a single fold 



Fig. 12. 


of white linen or with white blotting-paper: and 
upon this is placed a sheet of thick plate glass, 
some 2 or 3 inches shorter and narrower than the 
slate. The paper or linen serves a twofold 
purpose: first, it acts as a necessary and con¬ 
venient pad between the glass and slate; and, 
secondly, it secures for the worker a permanently 
white surface which renders even Bmall objects 
sufficiently conspicuous. Near each corner two 
holes are drilled m the slate, for the reception of 
wooden pins having rubber covered heads. 
The positions of these are indicated in Fig. 12. 
The pins guard against any accidental displace¬ 
ment of the glass. 

(3) The Levelling Screws .—With the above 
described bench, we may with advantage dis¬ 
pense with the brass shoes commonly employed 
for the levelling screws. When this course is 
adopted, tho screws at their lower ends should 
terminate in highly polished spherical surfaces 
of low curvature. At those points where the 
screws have contact with the glass, a little oil is 
applied; medicinal paraffin oil is, on account of 
its non-liability to thicken, admirably suited 
for the purpose. The base of a balance thus 
mounted^ readily adapts itself to modified con¬ 
ditions Resulting from changes in temperature ; 
and inherent stresses and strains are very little 
if at all affeoted. 

(4) 2'He Scale. —In some balances the scale 


divisions have an excessive length and breadth. 
Long lines produce on apparent narrowing of 
the contained spaces ; and this increases the 
difficulty, already sufficiently great, of correctly 
estimating the turning position of the pointer. 
Again, a broad line is in general a very con¬ 
siderable fraction of a division; it is not easy 
to allow for this, and possibly the matter is 
sometimes overlooked. These two imper¬ 
fections are reduced to insignificant proportions 
as follows:— 

The slip of ivory is detached from the pillar, 
and the scale completely removed by lightly 
rubbing the ivory upon a very fine and large 
flat file ; the slip is then re-polished, and a new 
scale in millimetres engraved upon it. The 
engraving tool must be capable of producing the 
finest of lines, and these are lightly drawn. 
The divisions, which may have a length of 1 mm., 
are rendered distinct by the momentary applica¬ 
tion of an etching pen charged with Indian ink. 
The ink readily runs along tho whole line; 
occasionally a line may appear a little irregular; 
but after the ink has dried, any unevenness may 
be remedied by gently re-polishing with a fiat 
pad. Fine sharp lines may often he secured by a 
partial filing down of the original scale, and the 
requisite shortness by a complete removal of the 
lower portions of the lines. During the process 



Fig. 13. 

of shortening a straight-edge is used, not only 
as a guide for the file, but also as a protector for 
the portion of the scale to be retained. 

As tho scale is invariably viowod through a 
telescope, which inverts the divisions and 
reverses their order, additional convenience is 
gained and possible confusion avoided by 
numbering principal lines as shown in Fig. 13. 

(5) The Illumination of the Scale .—Weighings 
should bo carried out in the absence of daylight; 
for unless the light from the window falls upon 
the balance in a perfectly symmetrical manner, 
and in general it iB difficult to ensure this, the 
radiant energy absorbed by one part of the, 
‘instrument will differ in quantity from that 
absorbed by another; this in itself would be 
immaterial, provided the ratios of the several 
quantities remained constant; but direct 
experimental evidence reveals fluctuations in 
these, and therefore corresponding variations 
in the zero or resting-point, R.P., of the beam 
follow. By using artificial light, we can 
eliminate this particular source of error. The 
following device leaves little to be desired:— 

A glass globe having a oapacity of some 10 or 
12 litres, is filled with a„ dilute solution of po¬ 
tassium chromate and placed upon a shelf 
erected above the reading telescope. A glass 
tube, sealed at its lower end and containing an 
eleotrio lamp, iB placed centrally within the 
liquid: the light is then, by means of a laige 
convex lens, concentrated upon the scale behind 
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the pointer, and upon that alone. Ample is practically free from heat rays, and owing to 
. its monochromatic nature, the scale as seen 

\ * through a correctly adjusted telescope is 

an sharply defined. In rig. 14, the relativo positions 

Id of the telescope, lamp and lens are shown. 

* 'j jj: 1 ’ (6) Of possible Variations in the Levy/, of the 

|p Dench. —An error which is readily overlooked, 

is that originating in variations in tfle level of 
, I ' I the balance table. Observable changes may 

/ P V <{iiickly follow a sudden rise or fall in the tempera- 

f rf fly 1 ure of the room. Usually of a transitory nature, 

. / r j Ml IiWl they are at times particularly noticeablo and 

oftJad 186 - {hill definite in a bench supported by wall brackets 

llbyBSt fixed above hot water pipes. The variations are 

■—UJxegSP*' probably due to minute deformations resulting 

> '*m L 4 », from inequalities of temperature. In connection 

™ with rel.ned wcglung, it is obvious that some 

—'if 1 ! lan mub t be adopted Jor detecting and nfbstsnr* 

HI ing such vui lation^. We have used with success 
1 1 the following simj le form ol tiltoini t'-r. * 

■ j - 1 At one end of a glims tube t, Fig. 15, having 

H ^ Hi a diameter of 3 fins, and a length of some 

J i ™ 3 or 5 nus. greater than that of the balance 

i ~ 4 j| pointer, a short capillary is formed; the other 

-i| end is ground so that its containing piano is at 
H right angles to the axis of the tube. Next, a 

s ^ lor * > P lW:C °f platinum wire w lf having a 
wl yt diameter of 0-5 mm., is, by means of*gold, 

joined to one end of another platinum wire w„ 
• having a diameter of 0*05 mm., and a length 

P I(J 14 ^ some 3 ems. less than that of the tube; the 

free end of the fine wire is soldered to a small 

illumination la thus secured; further, the light j 'g?S*r££SB 

A. vv introduced into the tube and the thicker wire 

r -LS - . fused into the capillary at the top. Any error 

! m centring is remedied by a suitable bending 

\ of the wire w v A short scale, S, mounted upon 

T a half-cylmder of boxwood, is fixed within the 

' { tube, so that its distance frein the point of 

j; -w 2 suspension of the fine wire equals the length 

of tho balance pointer. The scale consists of 

1 5 very small dots instead of lines ; and the spaces 
^ they mark off are equal to the corresponding 

^ £ spaces of the scale behind the pointer ; they are 

^ 5 with advantage numbered a*a lettered accord- 

£>5 ing to tho plan shown in Fig. 2. Vibrations of 

^ the plumb-line resulting from a necessary or 

I il K accidental disturbance of the instrument, are 

I quickly damped by oil in the vessel v. Tho 

I £ g: tiltometer is completed by mounting the tube 

11 £ £ upon a rectangular base of thick plate glass; 

11 via the width of this base is somewhat less than that 

11 § of the balance case, but the length is some 

ll ‘i or 4 inches greater. To the lower surface of 

1* tho base are attached, by means of Canada 

11 balsam, 3 steel balls, and these are so disposed 

( II that when tho instrument is in situ, each ball 

ipjte t t : ' iiiii ow .. 



is in close proximity to a levelling Bcrew of the meter relatively to that of the balance, is shown 
balance. The position occupied by the tilto- in Fig. 16. When yorrectly adjusted, the soale 
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of the instrument and that of the balance pointer 
are in one and thcteamc horizontal line, and they 
are contained by a vertical plane common to 
both. 

With the tiltometer placed as indicated, it 
is evident that any vortical movements of the 
levelling screws resulting from a flexure of the 
bench, are also imparted, and in tho same degree, 
to the tiltometer. Such movements, provided 
they are strictly equal, are not detrimental, and 
thevpass undetected ; but unequal llexures effect 
a change in level; and any appreciable change 
taking place along a lino joining the two ends of 
the balance case, is recorded and may be 
measured by the tiltometer. 

The tiltometer tube is protected by surround¬ 
ing it c \vith a metal guard, the base of which is a 
heavy brass ring it; this ring is prevented from 
being easily moved by smearing its under suifaee 
with resin cerate. The tube and its gun id have 


j no direct contact. For a series of weighings 
we proceed as follows :— 

The telescope is first brought opposite the 
tiltometer and the position of the plumb-line 
determined with the aid f of the micrometer. 
Next, tho telescope is moved along until the 
scale bohind the pointer appears in the field of 
view; the weighing is then carried out with all 
due precautions. Lastly, the tiltometer is 
re-observed: if the former and latter readings 
are identical, and they rarely differ within so 
short a time, the data for the weighing may be 
accepted ; otherwise the experiment is rejected 
and a new one undertaken. When carrying out 
a new weighing at a later hour or on another 
day, tho tiltometer reading may bo slightly 
larger or smaller ; hut given an accurate know¬ 
ledge of any such difference 5, the new weighing 
is easily reduced and made strictly comparable 
with the fust, by the addition of ±8 to the 


a 



second value obtained for tho resting point, 
K.P., of the beam. 

(7) The Telescope and its Carriage —For 
observing the vibrations of the pointer, tho best 
and most convenient plan is probably that in 



Fio. 17. 


which th| telescope is mounted upon a firm 
benoh at a. distance of approximately 2 metres 
from the balance. In order that the pointer as 
well as the tiltometer of the preceding para¬ 


graph may bo readily and successively viewed, 
the telescope is placed upon a carriage having 
for its guide, a V-groove cut at right angles to 
the line of vision as shown in Fig. 17. The 
carriage has throe supports ; two consist of brass 
balls, which rest in the groove : one of those b 
is seen in the figure. The third support is a 
broad wheel W of boxwood. Easy and smooth 
movement is ensured by lubricating the groove 
with tallow. In order that tho tiltometer 
(vide supra) may be read with accuracy, the 
eyepiece of the telescope is fitted with a hori¬ 
zontal micrometer m, graduated to 0-01 mm. 

(8) Of the Necessity for Fatiguing the Beam .— 
Although from tho practical popit of view, a 
balance beam may in itself be perfectly in- 
lloxiblo, it is as yet impossible to so incorporate 
the knife edges that they and the beam shall 
constitute one absolutely rigid whole. On 
releasing a loaded beam, the consequent stresses 
bring about slight relative movements of the 
several knife edges and their sorews. Such 
movements frequently affect, although in minute 
degree only, the ratio of the lengths of the 
balance arms. The time required for their 
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completion varies not only with the balance, 
but also with the load, and it may range from 
few to many minutes ; but, in general, a pm-iod 
of from 10 to 15 minutes suffices. Now, from 
the above, it will be evident that no weighing 
can be of definite value, unless the knife edges 
have already assumed truly normal positions; 
and in order that thoy may do so, the balance 
must be fatigued. This simple operation 
consists in allowing the beam to vibrate, for 
an appropriate time, after the pans have been 
loaded and tlio weights adjusted for weighing ; 
the beam is perfectly fatigued when successive 
R.P. determinations agree. Having reduced 
tho balance to a normal state, the actual weighing 
is undertaken; and for this the crank handle 
is first cautiously turned, so that without m 
any way relieving the instrument of its load, one 
of the arrestors is momentarily and very gently 
made to lift its pan and thus cause the beam to 
re-oscillate. Several vibrations having passed 


unrecorded, the usual observations for the 
determination of the R.P. are carried out. The 
above remarks concerning fatijuing, are equally 
applicabledn the case of an ‘ unloaded ’ balance. 
Jn Fig. 18 we have an illustration typical in 
character and magnitude, of initial knife-edge 
movements. The curve there shown, *and in 
which successive R.Ps. are graph*! against 
corresponding time intervals, represents the 
results of an experiment with a highly inflexible 
beam of the cantilever form. The movements, 
at first of an oscillatory nature, die away, 
and finally the R.P. acquires a constant 
value. 

if for any reason the loaded beam is arrested, 
the balance must again be fatigued before a final 
weighing is proceeded with. When it is neces¬ 
sary to readjust the position of the ride*upon 
the fatigued beam, the operation may be carried 
out without detriment, by first slowly raisiiig 
the pan arrestors until they are in 9uch a position 



that, although they do not support tho loaded 
pans and so relieve the beam, they reduce the 
vibrations to a very small amplitude. 

(9) Device for maintaining Uniformity in the 
Temperature of the Beam ,—If a differential 
bolometer is arranged within a balance case, 
bo that its two resistance coils are separated by 
a distance equal, say, to the length of the beam, 
it is easy to show that small and rapid fluctua 
tions in tho temperature of the air are con¬ 
tinually taking place, even when the case is 
closed. On lifting the shutter, the fluctuations 
become more marked, and during tho loading 
of the pans thoy are, comparatively speaking, 
quite violent. A pair of sensitive mereury-in- 
glass thermometers similarly placed, naturally 
fail, on account of their sluggishness, to indicate 
variations in temperature; they show a mean 
value only. In order that the highest degree 
of precision may be attained, it is imperative 
that the temperature of tho air enveloping the 
beam ihould remain for at least some time, 
both beforo and during the process of weighing, 
strictly uniform. The required uniformity may 
be ensured by tho device illustrated in 
Fig. 19. 

As may be seen, ,we have here, in addition 
to the usual balance case, a small inner auxiliary 
chamber which completely encloses the beam. 
The base plate c, a, of this chifmber, is of 
aluminium, having a thickness of 2 mm. or 
more; it is suitably slotted and perforated for 


the passage of the pointer and hooks by which 
tho pans are suspended. The ends E, f, aro 
conveniently made of well-seasoned mahogany, 
having a thicknoss of 1cm. The front, back and 



also the top oi the chamber, are of 8-10 mm. 
thick plate glass. The front of the chamber 
may be removed and the beam thus rendered 
accessible, after dropping the holaers h , k. 
Discs r, s, t, of thin aluminium, are fastened to 
the pointer and pan hooks a little below the base 
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plate; these screen the apertures immediately 
above them. Wljpn placed within the auxiliary 
chamber, a differential bolometer recording 
variations as small as 3 ^ 3 ° C. remains quite 
unaffected, even during the loading of the pans. 
The decided advantage held by the protected 
over the unprotected beam is very well shown 
in Fig. 20. The groups a, b aro the bolometer 
records obtained when, using 9 weights, one of 
the pans was loaded and unloaded six times in 
succession. During the experiments, the position 
of the bolometer near the beam remained 
unchanged . 1 

(10) Temperature Coefficients of a Balance ,— 
Other conditions being constant, the R.P. of a 
beam will, in general, vary simultaneously with 
the temperature; therefore, unless the balance 
is thermostatically controlled, we must know 
with considerable exactitude tho temperature 


coefficient k of the instrument. The value of k 
will vary with the balance and also with its 
load ; but for a given balance, the several values 
of k for different loads may be determined as 
follows :— 

Commencing at an early hour, when pre. 
sumably the temperature of the room is at its 
lowest, and with the pans as the only load, tho 
beam is released and duly fatigued; the R.P. 
is then found and the thermometer in close 
proximity to tho beam read. Using hot-water 
pipes, an electric radiator, or a gas-fire, the 
temperature of tho room is next raised by 
about 2° C. ; a little later the R.P. is re-doter- 
mined and the thermometer within tho balance 
case read a second time. Proceeding in this 
way step by step, a total range of temperature 
of some 10° or 12° C. is covered. Finally, the 
room is allowed to rcassume its original tempera- 



' ture, or approximately so, and a last determina¬ 
tion of the R.P. for this series made. If the 
first and last mombers of tho series aro in agree¬ 
ment, the R.P. values for tho higher tempera¬ 
tures should be reliable. From the data thus 
obtained, a temperature coefficient curve is 
now prepared by plotting the R.P. values against 
those for the corresponding temperatures; the 
resultant graph enables us to discover the true 
R.P. for any temperature falling within the 
experimental limits and for the particular load 
employed. (In this case, the so-called zero 
load.) Extrapolation should never be resorted 
to; for k may at any other temperature assume 
a distinctly different value; its sign may even 
be reversed: and so k, from being an additive, 
may become a subtractive quantity. Usually, 
it will be sufficient if the temperaturo of the 

1 Ad excellent plan Is to permanently set up a 
different!*! bolometer tn the Immediate vicinity of the 
beam; the thermoraetric condition of the enveloping 
air can then be readily tested at any time. 


beam is known to 0*05° C. The thermometer 
is placed horizontally within the auxiliary 
case. 

With the completion of the above, further 
operations identical in kind are proceeded with; 
and unless the balance dovelops abnormal 
behaviour, experiments with four additional 
loads will suffice. For a 200-grm. balance, the 
several loads may conveniently be 50,100, 150, 
and 200 grms. The results obtained with each 
of these loads are, as before, represented by. 
smoothed graphs, all drawn upon one and the 
same sheet. Often these graphs are of the same 
family; with such a group wo may, for the 
. given range of temperature, make use of interpo¬ 
lated values for drawing tho temperature 
coefficient curve corresponding to an inter¬ 
mediate load. Finally, thd whole series is 
completed by a re-determination of the R.Ps. 
for the unloaded pans: the value of all the 
results is thereby greatly enhanced. 

Characteristic curves for k for a 200-grm. 
balance are reproduced in Fig. 21. The two 
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dotted line curves were derived from interpo¬ 
lated values. • 

(11) The Suppression of Air streams about 
the Pans —Increased accuracy is secured and 
labour saved, by adopting some plan whereby 
, uniformity in the \emperature of the air sur¬ 
rounding the pans is ensured; one that in 
practice has proved highly efficient is illustrated 
in Fig. 22. 

Each pan, together with its stirrup, is 
enclosed b£ a fixed and massive brass cylinder c, 
having-a diameter but little greater than that 


of the pan. The cylinders extend from the 
floor of the balance case, nrhere they fit into 
grooves in thick brass plates pp, to the aluminium 
plate of'the auxiliary chamber; and each is 
surrounded by a slightly larger cylinder B, 
which rests upon 3 wheels attached to $ ; these 
wheels, of which four lettered w are shown, are 
placed apart at an angle of 120°. By covering 
that portion of tlio fixed cylinder enclosed by B 
with silk, a smooth and easy movement is 
imparted to the latter when the handle H is 
pressed towards the right or left. To render 



the pans accessible, large rectangular apertures 
A are cut in the cylinders; these are opened or 
closed by an appropriate rotation of b. In the 
figure, the left-hand cylinder is open and the 
other closed. The interior surfaces of the 
cylinders are coated with a dead-black lacquer, 
but the exterior surfaces are polished and left 
unvarnished. Now, theory and practico alike 
. show that with these conditions, a temperature 
uniform in the liighest degree, and one, moreover, 
unsusceptible to any but slow variations, is 
quickly established. But given uniformity 
in temperature, it follows that within a space so 
limited and confined, winds or air-streams are 
non-existent; and therefore the minor irregu¬ 
larities ordinarily 'arising from convection 
currents about the pans, are avoided. 

(32) Concerning the Wiping of Glass Vessels .— 
For glass vessels that are to be weighed with any 
degree of refinement, a most careful wiping is 
an indispensable preliminary; and in making i 


choice of material for the purpose, some dis¬ 
crimination must be shown. Theoretical con¬ 
siderations verified by experiment, .lead to the 
conclusion that in all probability it would be 
difficult to discover anything superior or equal 
to silk; this substance possesses a very low 
heat conductivity ; and during use good speci¬ 
mens show a remarkably small tendency for 
casting off loose filaments. Objection is some¬ 
times taken to the production of electric charges; 
but from the practical point of view, the ground 
upon which the objection is based is more 
imaginary than real. 

During the procoss of wiping, direct contact 
between the vessel and the hand must be 
scrupulously avoided; more particularly so if 
we desire to maintain constancy of temperature. 
Some four or oven more folds of %ilk should 
intervene betwocn the hand and tho vessel; and 
if at the same time the hands are thickly gloved, 
so much the better. The vessel, immediately 


023 


BALANCE. 


after it has been wiped, should be transferred 
to the pan of the balanco with the aid of a 
suitable lifter. When the temperature of a globe 
having a capacity of 200 o.c. is raised by C., 
the consequent loss in buoyancy results in an 
apparent increase of weight equal to ^ mg. 
A slightly warmed vessel roassumes its original 
temperatuA) with extreme slowness; hence the 
dosirability for guarding against any change in 
its temperature. 

(13) Of the Precautions to be taken in weighing 
Glass Vessels .—In weighing glass vessels, sealed 
or open, special difficulties are encountered. 


These chiefly arise from (1) the variableness of 
the water skin upon the surface; (2) the 
fiuctfiating temperature and pressure of the air; 
and (3) in the case of closed vessels, the in¬ 
constancy of volumo resulting from changes 
in the temperature and * effective pressure # 
within; the difficulties are still further accen- * 
tuated when the vessel contains liquid matter, 
and more particularly so when the contents are 
solid. For many purposes the errors attendant 
upon causes (1) and (2) are sufficiently com¬ 
pensated by counterpoising the experimental 
vessels with others having very similar volumes ; 



but some cases demand additional precautionary 
measures. Such measures arc called for when, 
from the nature of the investigation, equality of 
area as well as that of volumo bocomes a prime 
necessity. Now, although two volumes may, 
by trial, bo adjusted tc^almost strict equality, to 
secure at the same timo a similar equality of 
area is a highly diflicult problem; and yet, 
unless conditions are so ordered that a complete 
absence of moisture is ensured, a difference in 
the areas of a vessel and its counterpoise may 
well prove fatal to the object in view. This 
particular difficulty is surmounted in the 
following way :— 

A blower is formed by fitting up a large glass 
jar A, as shown in the self-explanatory Fig. 23 
A slow working of tho Bunsen water pump p is 
all that i£ required for keeping the jar full 
of air, the pressure of which is governed by 
the length of the tube supporting the bulb R. 
On leaving the jar by way of the tap f, 


the air is by means of two further taps 
divided into equal streams; each stream is 
driven first through a Drecshel wash-bottle, and 
then through a spiral glass tube, both charged 0 
with concentrated sulphuric acid. The stream 
on emerging from tho spiral, enters its own set 
of 3 purifying tubes ; the first half of each set is 
packed with small fragments of soda-lime, and 
the second half with similar pieces of calcium 
chloride. Finally, the air is filtered through 
glass wool or asbestos, and led, first through 
the walls of the balance case, and then through 
the upper ends of the cylinders surrounding 
the pans. From thence either stream is 
delivered through a glass jet directed downwards 
and placed centrally withip its cylinder. With 
the above described apparatus, any two objects 
( e.g . a closed vessel and its counterpoise), whose 
masses are <to be subsequently compared, can 
be simultaneously subjected to a very perfect 
washing with air freed from oarbon dioxide, 
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moisture, and dust; this washing is allowed to 
proceed during, the fatiguing of the beam. On 
escaping frotfh the cylinders, the purified air 
displaces the ordinary air of the balance caso; 
and as it is unnecessary to re-open the shuttor 
before weighing, tHo operation is carried out 
within an atmosphere of standard and easily 
reproducible quality. A great convenience is 
secured if the air streams can be arrested by taps 
placed near the balance: these laps are closed 
just before the object is weighed. The plan 
here advocated has met with favour in several 



of the Oxford laboratories, where it has now 
been used for some years. The method might 
with advantage bo universally substituted for 
the defective plan so commonly adopted with 
chemical and physical balances. To do this 
for any balance, it is but necessary to pass tubes 
delivering purified air, through the top of the 
case just above the pans or in a line with the 
extremities of the beam. The usual method for 
drying the air within a balance case has several 
serious objections, which cannot be discussed 
here. • 

(14) Determination of the Pressure Co¬ 
efficients of Glass Globes. —When closed vessels are 
weighed under different pressures, iff is important 
that the vessel and its counterpoise possess not 
only similarity of form and volume, but also 


walls of equal thickness, otherwise compensa¬ 
tion may be imperfect aryl vary with the 
pressure. 

The pressure coefficients of expansion of 
globular vessels may be compared and accurately 
measured with the aid__ 


of tho apparatus indi¬ 
cated in Fig. 24. The 
hips having been tem¬ 
porarily removed, either 
globe is introduced into 
tho bell jar a, and its 
neck passed up through 
an airtight cork secure¬ 
ly fixed m the mouth of, 
the jar; a glass tap. 
connected with a sealed 
mercury manometer v>, 
is then fused at d to 
tho neck of the globe, 
and the open end of the 
jar closed by a stout- 
brass plate p; the plate 
may be attached with 
Faraday cement or 
marine glue, both of 
wKieh aie insoluble in 
water and readily soften 
with heat. Next, 
through a hole in the 



cork made for the reception of the tube t, air- 
free water is mtioduced until the jar is com¬ 
pletely filled ; the tube t, also filled wit! water, 
is then placed m situ, and its tine capillary jet 
kept immersed in water as shown. 

In measuring the pressure coefficient, a 
small weighed bottle is first substituted for that 
usually kept beneath the jet; air is then forced 
into the globe until the desired pressure is 
indicated by the manometer > as the pressure * 
distends the globe, water is ejected into the bottle; 
this is weighed and the expansion resulting from 
tho pressure calculated. If a series of pressures 
bo applied, their values may subsequently be 
plotted against tho corresponding expansions; 
from the graph thus obtained expansions for 
other pressures are readily determined. With 
slight and obvious modifications contraction 
coefficients may also be measured. 

(15). Of the Apparent Change in the Weight 
of a Cooling Body. —When it is necessary to heat 
a body before its weight is determined, ample 
tune must bo allowed for tho subsequent cooling. 
The timo required for a hot body to assume the 
temperature of the balance caso is greater than 
ono would in general suppose. The importance 
of delaying the weighing until the object has 
acquired the temperature of the surrounding 
air is admirably illustrated in tho following 
Fig. 25. 

The data for the abovo graph was obtained 
as follows: A No. 00 B.P. cruciblo was heated 
to bright redness for some timo and then re¬ 
moved from the flame. When tho crucible was 
no longer visibly hot, it was placed upon the 
balance and immediately weighed under ordinary 
conditions; this weighing was followed by 
others at convenient intervals until 9 weighings 
in all had been carried out. During the period 
of half an hour required for tho experiment, the 
weight of the cruciblo was constantly growing, 
at first rapidly, and then slowly; and notwith- 
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standing the smallness of the mass, its limited 
surface and the fr%e cooling in air, the apparent 
weight of the crucible had not attained a 
maximum value when the experiment was 
terminated. Tho observed changes in the 
apparent weight result from a.summation of 
various effects of which the following appear to 
bo tho chidf. 

1. An apparent increase in weight due to (a) 
the gradual re-condensation of moisture upon 
the glazed surface; (j 8 ) a slight increase in tho 


length of the arm supporting the object 
pan; ( 7 ) tho re-absorption of airland moisture 
by the porous mass of the ontciblO; and 
( 8 ) tho lessenod buoyancy of the hoated air 
immediately enveloping the cruciblo and balance 
pan. ' 

2. An apparent decrease in weight due to 
ascending convection currents which tend to 
lift the object pan. 

The lengthening of (lie balance arm noted in 
1 (j 8 ) is effected by the heated air rising from the 



cooling crucible. The re-absorption of air and 
moisture ( 1 , (ft)) by the general mass of the 
porcelain was rendered possible by the entire 
absence of glaze upon the bottom of the crucible. 
When the crucible is completely glazed, the 
internal condition of tho porcelain remains 
presumably for all practical purposes, strictly 
constant. 

(10) Concerning Ordinary Balance Cases .— 
(a) With few exceptions the top of the usual 
balance case consists of a sunk glass panel a, b 
(Kg. 20) ; ^his is a constructional defect which 
we remedy in. the following way. A strip of 
velvet p about an inch wide is fastened by means 
of thin glue or seocotine along the four sides and 


near the edges of tho top of the balance case, 
as shown in the accompanying Fig. 26. 

When the glue has hardened, but not before, 
a piece of plate glass ab, sufficiently large to 
just overlap the rectangle is placed* upon the 
velvet. The velvet surface not only grips the glass 
and thus prevents it from being readily disturbed, 
but also acts as a highly efficient filter and so 
prevents dust from penetrating to the ordinary 
panel withiip The added panel is easily dusted, 
and during the cleaning we do not as before 
incur the risk of forcing dust between the glass 
and the supporting surfaces and so to the 
interior of tho balance case. 

(ft) The case of a precision balanoe should 
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be opened or closed by sliding rather than by 
hinged floors. When a hinged door is ogened 
the pressure of the air within the case is 
momentarily lowered; in consequence of this, 
the external air rushes through the innumerable 
crevices in the framework, and sweeping before 
it the erstwhile quiescent dust, charges the space 
within with floating particles. This fact may 
be verified by conducting an experiment in 
bright sunlight; on opening tin* door the sun¬ 
beams at onco reveal the incoming dust. 



(y) All sliding doors should run with great 
smoothness, and they slimfld be fitted with 
counterpoising weights after the manner of 
ordinary window sashes. Shutters that are 
arrested by clutches are highly objectionable. 
During the working of a clutch vibrations are 
set up, and these are communicated to the balance 
with detrimental effects. 

(17) Of the Different Methodt> of Weighing .— 
An article on weighing is incomplete unless it 
contains some allusion to the several methods 
available for at curate work ; but those methods 
are so well known both in theory and practice 
that the briefest outline will here suffice. To 
begin with, we take it as granted that an 
experimenter seeking for high precision would 
use the method of vibrations for ascertaining the 
R.P. of his balance-; in the preceding article 
this matter has been dealt with by the late 
Prof. Dittmar; and, therefore, further comment 
would appear uncalled for. Secondly, apart 
from the common differential method used by 
chemists and physicists for much of their work, 
there remain (1) the method of Borda, and (2) 
that introduced by Gauss. 

(1) In Borda’s method the object to be 
weighed is placed in either pan, and then 
accurately counterpoised by any convenient 
unknown masses; such masses may consist of 
indifferent brass weights, lead shots, fine sand, 
&c. When the adjustment is complete, standard 
masses are substituted for the object, and these 
are varied until equilibrium has boon re-estab¬ 
lished. Given unchanging conditions, it is 
obvious that the total weight of the standard 
masses equals tho sought-for weight of the body. 
To this method may be opposed the two objec¬ 
tions : (a), its tedioasness and (£) the impossi¬ 
bility of adjusting t^ o initially different magni¬ 
tudes to precise equality. These objections are 
so weighty that Borda’s method .is, compara¬ 
tively speaking, but seldom used. 

(2) Following Gauss and using the method 
of vibrations, the R.P. is found with the objeot 


first in one pan and then in the other; two 
determinations, d v d 2 , of the R.P. fire thus 
obtained. Then if S be the sensibility of the 
balance m mg., the difference D between the 
weight of the standard mass employed and that 
of the object is given by the equation * 

D = ±-' 2 - , .Smg. 

and the apparent weight of the body is thus 
determined. Tho superiority of this method 
over others is based upon a principle well 
understood by physicists, that in general it is 
easier to determine with accuracy by how much 
two magnitudes differ than to discover the 
true value of either. . 

For some further information upon the very 
important subject of highly refined weighing, 
the reader may be referred to (J) ‘The Limitations 
of the Balance,’ B. Blount, ('hem. Soc. Trans. 
1917, vol. iii. 1035; (2) ‘Vacuum Balance Cases,’ 
Blount and Woodcock, Chcm. Soc. Trans. J918, 
vol. cxm. 81; (3) ‘ Observations on the Anomalous 
Behaviour of Delicate Balances,’ Manley, Phil. 
Tians. Series A, vol. cox. 387-415 ; (4) ‘ On the 
Apparent Change-in Weight during Chemical 
Reaction,’ Manley, Phil. Trans. Series A, vol. ccxii. 
227-200; (5) ‘ Observed Variations in the 
Temperature Coefficients of a Precision Balance,’ 
Manley, Proe. Roy. Soc. A, vol. Ixxxvi. 591-600; 
and ((>) ‘Dependence of Gravity on Temperature,’ 
Southerns, Proc. Roy. Soc. A, vol. Jxxviii. 
393. As the above third-named paper contains 
references to other papers bearing upon the 
same subject, it is unnecessary to repeat them 
here. 

Jn concluding this particular branch of an 
interesting subject, we may state that by 
availing ourselves of all precautions at present 
known to us, it has been found possible to attain 
the accuracy of ± 1 in 2 X 10 8 or thereabouts. 

Micro-balnncts .—For the accurate determina¬ 
tion of extremely small masses, instruments 
known as micro-hahnces are used. These are of 
two types; the action of tll$* one depends upon 
torsion, and that of the other upon gravity; 
but of the two the latter has been the more 
successfully and highly developed. Nemst and 
Riesenfeld (Ber. 1903, 36, 2086) described a 
torsion balance sensitive to 0-0005 rag. with 
a load of several milligrams (for applications of 
same, v. Janecke, Zeitsch. anal. Chem. 1904, 
43, 547; Brill, Ber. 1905, 38, 140; Brill and 
Evans, Chem. Soc. Trans. 1908, 93, 1442). The 
zero of this balance is inconstant, and its 
sensitiveness varies greatly with the load. 
Gravity balances have been made by Steele and 
Grant (Proc. Roy. Soc. 1909, A. 82, 580), and 
modified by Gray and Ramsay (ibid. 1911, A. 
84, 536; 1912, A. 86, 270), to carry loads ranging 
from 1 or 2 mg. to l decigram with a sensi¬ 
tiveness of 1 X10- 7 to 4 x 10~* grm. The zeros 
of these balances remain constant over long 
periods of time. 

The beam, consisting of thin silica rods fused 
together to form a framework as shown in Fig. 27, 
has a length of 10 cms. (in Fig. 28 (a) a beam 
having a more rigid type is represeffted). The 
quartz knife edge rests upon a highly polished 
and truly plane quartz surface secured to the 
top of the brass pillar u 
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The vibrations of the balance are observed 
by means of a beatn of light introduced through 
the window c and reflected by a tiny platinised 
quartz mirror fused to the beam at d ; with the 
mirror in this position, its angular movements 
are not'accompaniod by appreciable ones of a 
translational kind. The reflected light falls upon 
a vertical mm. scale placed at some convenient 
distance from the mirror. The three-way tap e 
allows the intorior of the balance case to be 
put into communication with cither the atmo¬ 
sphere or a vacuum pump; the manometer v 
records the pressure within the caso. A line 
quartz thread fused to the beam at a supports 
(i.) a quartz bulb h of known volume V e.c. 
(either filled with air or vacuous), (ti.) the scale 
pan J,«and (iii.) a quartz counterpoise k. The 
whole hangs within tlio tube l (fitted to the 
c»;e by the ground glass joint m), and is 
counterpoised by a solid bead of silica fused to 
the beam at N. A little uranium o\ido inside 
the case ionises the air and eliminates disturb¬ 
ing electrical effects; and cal lum chloride in 
L keeps the interior dry. 



To perform a weighing, the pressure in the 
case is suitably lowered (to P, at temp. T t abs.), 
and the position of the reflected spot of light on 
the scale taken as the zero. The substance is 
then placed on the pan J, and a new pressure 
(P 2 at temp. T a abs.) determined under which the 
zero of the balance is recovered. The weight of 
the substance is then given by the expression 
(^aewt. of 1 c.c. air at N.T.P.) 

273Vtr 0 / P 8 PA 
760 \T a iy 

The usual vacuum correction is, of course, 
neoessary. Only weights less than the weight 
of air that the bulb H can hold may be thus 
determined. To measure greater weights, the 
counterpoise k is replaced by a lighter one ; a 
series of suoh counterpoises is required, and the 
differences between their weights may be 
measured on the micro-balance itself. It is con- 
vonient to make the bead n counterpoise the 
bulb, scalo pan, and a set of weights (Fig. 28 ( b)) 
(ranging (fbm 2 to Oi mgm. and made from 
capillary’quartz tubing: these are calibrated on 
the balance). In weighing a substance, weights 
are removed to obtain a coarse adjustment;- the 


pressure within the case is then altered, thereby 
making the (variable) buoyancy of the air on the 
bulb ii effect the fine adjustment. The absolute 
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accuracy of the weighings is limited to the 
accuracy with which V may be determined; 
their relative accuracy is much greater. 

In a balance constructed byStecloand Grant, 
the beam, &c. weighed 0*93 grm., the bulb n 
had a capacity of 0 422 c.c. and contained 
6-04x10-* grms. of air; the balance had a 
period of 33 secs., and was sensivitive to 
4 X 10“ 8 grm. 

The micro balance of Gray and Pam say has 
been modified by ilans Pcltersson (Goteborgp, 
Vet. Vitterh. Samf. 1914, 14th series, xvi). 
Tn the altered form the central knife edges are 
dispensed with, and the beam suspended, as 
shown in Fig 29, by two thin quartz fibres, 



which are highly attenuated at their points of 
junction witli the horizontal rod. Petfcersson 
nlho greatly improved the balance case; and • 
for a vacuum-tight cement he uses an alloy 
having a low fusing-point. Further, the 

beam arrestment is magnetically controlled 
through the top of- the balance case ; in 
this way, certain sourcos of -'error, due 
to possible air leakage, are avoided. R. 
Stromberg (Annalen, der Phy- 
sik. 1915, 47, 939), has improved c V 
the Pettersson balance, and at the 

same time increased its sensibility *=-*-■—.- ) 

by the substitution of detachable 

for fixed threads. The form of the 

Strbmberg suspension is shown 

in Fig. 30. and the complete Fig. 30. 

Pettersson-Stromberg beam and 

its accessories in Fig. 31. To the axial rod 

of the balance are attached (1) a tiny Bcrew 
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8 , for adjusting the centre of gravity, and (2) a 
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minute plane mirror m, for indicating with the 
aid of reflected light the angular position of the 


beam. A section of the complete balance is 
shown in Fig. 32. An instrument of t^his type 
when carrying its maximum load of 50 mg. t 
may apparently have a sensibility as high as 
•01 fi-mgrm. (lx 10— 11 grm.). The Pettersson- 
Stromberg balance has been used for testing the 
validity of Poynting’s law at high temperatures, 
for measuring the volatility of silica at 800° C., 
and also for the accurate determination of the 
diamagnetic constants of gaseous hydrogen and 
nitrogen. 

A sirnplo form of micro-balance for determin¬ 
ing the density of a gas has been described by 
F. VV. Aston (i'roc. Roy. Soc. 1014, A. 89, 439). 
The balance, which is made entirely of quartz, 
is represented m Fig. 33. The beam consists of 
two thin rods fused together as shown,; the 
lower end of the shorter rod, k, terminates in a 
knife edge which rests upon a quartz plai^. 
To one cml of the beam is fused a bulb b, having 
a capacity of about 0*3 c.c., and to the other tho 
counterpoising rod r. The case, made of rect¬ 
angular pieces of plate glass, is as diminutive as 
circumstances permit; the cell containing the 
beam is not more than 3 mm. wide, and its 
volume is a few c.c. only. A special chamber c , 
which is cemented-to the left end of the, case, 
is closed by the stopper s, which is pushed in 
until it just fails to touch the contained bulb.' 
One limb of a T-tube having a capillary bore, 
gives access to the interior of the balance case; 
tho second limb is fused to a mercury manometer, 
and the third to a 3-way tap. By means of 
this tap communication between tile balance 
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and an air-pump or the gas-admission apparatus 
can be established. With the above described 
apparatus the density of a gas is usually deter¬ 
mined at a pressure of about 100 mm. o*i mercury 


Measured at N.T.P., the volume of gas aofcually 
required for an experiment is approximately 
0-5 c.o. A density determination is carried 
cut as follows : The balance case is first highly 



exhausted, then the gas of which the density 
is sought is admitted until the bulb rises and the 
point p of the counterpoise appears m the field 
ot a fixed reading microscope. The pressure is 
then varied until the beam comes to rest at some 
convenient but quite arbitrary zero, and the 
manometer read. Finally, the case is re¬ 
exhausted and the experiment repeated with a 
gas of known density. The ratio of the densities 
of the two gases is equal to the inverse ratio ot 
the corresponding pressures. The determination 
can be made in a fow minutes, and w'lth an 
accuracy of from 0*1 to 0 01 p.e. For accurate 
measurements Aston’s micro-balance needs, 
no less than the heavier precision instrument 
(vide supra), a preliminary fatiguing. This 
operation appears to be best carried out by 
maintaining for some days a high vacuum 
within the balance case. 

Riesenfeld and Mollcr (Zeitsch. Electroehcm. 
1915, 21, 131) describe a form ol micro-balance 
for which they claim a sensibility of 3 3 X 10— 8 
grm., when the balance is carrying its maximum 
load of 5 mg. The beam is a glass capillary 
tube 13 cms. long ; this is supported by a quart/ 
thread attached at a point 3 cms. from one end. 
A mirror, made from a quarter of a microscope 
cover glass, is secured to the end of the shorter 
arm, and from the other end of the beam the 
pan is suspended. Various ways of supporting 
the pan %re described, but the most successful 
for high sensitiveness is that obtained by 
1 fastening a quartz thread horizontally and at 
right angles to the end of the arm. From this 
is hung tho quartz thread which carries the pan. 
The arrestment consists of a clamp of two 
feathers, placed near tho end of the longer 
arm. 

Kramer (Chem. Zeit. 1917, 41, 773) has 
constructed a micro-balance of tho usual type, 
tfith a carrying capacity of 1 grm. The 
length of the beam is 154'4 mm., and the 
weight 7’825 grm. When the balance is un¬ 
loaded the sensibility is equal to 48 divisions 
per 0T mg., this decreases to 35 divisions 
for a load of 100 mg., and to 10 divisions 
for a load of 1000 mgr. A division equals 
0*35 mm. 

The micro-assay balance, known in Germany 
as a * Mikro-Chemische Wagen.’ is a chemioal 
balanoe in miniature; it stands as it were 
midway between the high grade chemical 
balanoe.of precision and the true micro-balance 
of Steele and 'Grant and others. The beam, 
which may have a carrying capacity of from 
1 to 20 grms., is rigid and exceptionally light; 


some of the more modern beams are also ex¬ 
tremely short. First-class instruments have a 
high sensibility, and when lightly loaded the 
beam will usually indicate differences in weight 
ranging, according to the sensibility of tho 
balance, from *05 to ‘005 mg. 

Fig. 34 represents a highly sensitive micro- 



assay balance by Kuhlmann of Hamburg. The 
beam, which is 7 cms. long, is built to carry a 
maximum load of 20 grms. in each pan. The 
sensibility is such that each scale division 
corresponds to *01 mg.; and by a special 
device for reading tenths of a scale division, 



differences in weight as small as -001 mg. can 
be observe^. 

It may be unnecessary to add that the 
remarks and suggestions that have been made 
in connection with the heavier balance of 
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precision are equally applicable .to the assay 
balance. , 

A simple form of micro-balance for use in 
bacteriological laboratories, has been described 
by Shaxby (Proc. Pfyys. Soc. of London, 1919, 
32, 21. The instrument is for loads vary¬ 
ing **from 0‘005 to 0*5 grm.; its sensibility and 
‘dead-beat* character aro such that weighings 
may be carried out rapidly and with an 
accuracy of from one to two parts per thousand. ! 
The balance (Fig. 35), constructed of ‘ Meccano ’ 
strips, consists essentially of three parts: ( 1 ) a I 
tripod of which the hinder leg l terminates in 
a small flat foot which can be fastened to the 
table by means of a drawing-pin; (2) a horizontal 
strip h 2 feet long secured to the top of tho 
tripod; and (3) a pair of compound vertical 



arms each consisting of a 25-hole strip a to the 
upper end ot which is bolted a 0 -hole strip b; 
each arm is suspended at a point just above its 
centre of gravity by means of a silk thread / 
passing through a glass tube t (Fig. 3f>), having 
rounded edges and a length of i inoh; the ends 
of the thread are held as shown by wire pins pp. 
The required ‘ dead-beat * action is obtained by 



immersing the aluminium vanes with which the 
arms aro provided iff water (Figs. 35 and 37). 
The balance is completed by linking the arms 
together with a fibre/ (Figs. 35 and 37) of unspun 
silk from tbe central p- int of which is suspended 
a paper pan p for receiving the objects to be 
weighed. For weighing slips of paper before and 
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After the absorption of a liquid, an aluminium 
elip c (Fig. 38) is substituted for the pan shown 
i& Fig. 35. The balance is adjusted by varying 
Vol> L-T. 


the inclination of the stripe 65 (Fig. 35); and by 
the earn# means the tension at the thread ana 
therefore the sensibility of the instrument can 
be altered! Before use the balance must be 
calibrated; and this is done by placing in the 
pan, each in turn, a series of five weight?! equal 
to one-fifth, two-fifths, Ac., of the piaximum 
load, and noting the resulting depressions of 
the central point of the fibre / with the aid of 
a vertical mm. scalo placed behind it: the 
requisite precautions are, of course, taken to 
avoid parallax in reading. Weight values are 
now plotted against corresponding depressions 
and a smooth curve termed a weight curve 
drawn. To determine an unknown weight the 
object is placed in the pan or clip and the 
resulting depression lead: this being kpown 
the weight with the aid of the graph can be 
ascertained. J. J. M. m 

BALANOPHORE WAX v. Waxes. 

BALATA is the product obtained by coagu¬ 
lating tho latex of Mtmusopa globosa, Gaertn., 
a large forest tree, belonging to the natural order 
Sapotacese, which is a native of British, Dutch, 
and French Guiana, Venezuela, Trinidad, 
Jamaica, and probably Brazil north of the 
Amazon. In British Guiana and the \yest 
Indies the tree is known as the ‘bullet’ or 
‘ bully ’ tree. 

In physical properties and chemical composi¬ 
tion, balata resembles true guttaperoha, for 
which it is the best natural substitute, and it is 
of interest in this connection that tho tree 
yielding it belongs to the same order as tho trees 
(Palaqumm spp.) which furnish guttapercha. 

The balata trees aro tapped by making a 
series of incisions in tho bark, so arranged tnat 
the latex can run down to tho base of the trunk, 
where it is collected in a calabash. The latex 
is afterwards poured into shalloWwooden vessels, 
which are usually greased or nibbed with soap 
to prevent the balata from adhering to them, 
and allowed to stand exposed to the air until it 
has coagulated spontaneously ; a sheet of balata 
is thus formed, which, when sufficiently hard, is 
removed from the vessol and# hung up to dry. 
The coagulation of tho latex may also be brought 
at>out by boiling, in which case the balata is 
obtained in tho form of ' block.’ Formerly it 
was the custom to fell the trees and then to cut 
rings in the bark in order to obtain the latex, 
but this practice, which involves the destruction 
of the trees, is now prevented as far as possible. 

The latex of balata trees usually flows freely, 
and, in favourable circumstances, the yield from 
a tree 15-20 inches in diameter, tapped to a 
height of 8 feet, is about 3 pints, representing 
from 1 $ to 2 lb. of dry balata. 

Commercial balata may be either grey, 
pinkish or brown. When immersed in hot 
water it behaves like guttapercha, becoming 
soft and plaBtic, and, on cooling, it slowy? 
hardens again without becoming brittle. 

Balata is also similar to guttapercha {q.v.) in 
chemical composition, consisting essentially of 
a hydrocarbon ( gutta ), of empirical formula 
C 10 H 18 , associated with resins; the commercial 
product also includes varying amounts of 
insoluble matter (dirt) and' moisture* Balata 
contains a muoh highor proportion of rosins 
than good guttaperoha, and is therefore inferior 
in quality to the lattqr; when compared with 
2 ^ 
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guttapercha containing a similar amonntof resin, The composition of Balata is shown by the 
it is found to be f a little softer and mote flexible. foPowing typical analyses 


Description. 

Source. 

Moisture 
per cent. 

Gutta 

per 

cent. 

Resin 
per 
cent. ' 

Protoid 

per 

cent. 

Dirt 

per 

cent. 

Ash 

per 

cent. 

Specially prepared sheet 1 

British Guiana 

1-9 

49-7 

44-0 

3-8 

nil 

0-6 

Block balata 1 

Venezueh 

1-8 

4.4-7 

44-2 

3-0 

5-3 

[1-28] 

Commercial specimens 2 3 

Mostly British Guiana 

J3-8 

41-5 

34-8 

— 

9-9 


Balata 1 . 

Dutch Guiana 

6-3 

43*5 

36-9 


14-3 



The gutta of balata is very tenacious and of 
excellent quality; it is insoluble in alcohol, 
acetone, ether, or cold petroleum spirit, but is 
readiiy dissolved by chloroform, carbon disul 
phide, or boiling petroleum spirit. Tho rosins 
present are similar to those of guttapercha, and 
consist of ( 1 ) a white crystalline rosin ( albane) 
soluble in hot but insoluble in cold alcohol; 
and ( 2 ) an amorphous yellow resin (Jluavile) 
soluble in cold alcohol. An examination of tho 
total resin of balata by Obach showed that it 
consisted of about 2 parts of albane to 3 parts of 
fluavile. 

Balata is utilised commercially as a substitute 
for guttapercha. Its chief applications are for 
the manufacture of belting, in which the balata 
is interposed between layers of canvas; for 
insulating purposes ; and for tho manufacture 
of the covers of golf balls, after tho removal 
of the greater part of the resin by solvents. It is 
also employed to a considerable extent for mixing 
with rubber, and for numerous minor purposes. 

The bulk of the commercial supplies of 
balata are obtained from British and Dutch 
Guiana and Venezuela. Of. Ter Laag, t’aout. et 
Guttapercha, 1915, J2, 8019. H. B. 

BALLISTITiS v. Explosives. 

BALLOON or FLEXIBLE VARNISH t>. 

Varnish. 

BALL SODA v. Soda manufacture, art. 
Sodium. 

BALM OF COPAIBA r. Oi ,EO-RESINS. 

BALM OF GILEAD. Mecca or Opobalsam 
(v. Olko-Resins). 

BALSAMS. The exudations of plants, 
whether spontaneous or promoted by incisions 
made in their stems or roots, consist chiefly of 
resin, gum, volatile oil, and certain aromatic 
acids, or mixtures of these. The resins are 
characterised by insolubility in water and 
solubility in alcobol, the gums by solubility 
in water and insolubility in alcohol, and 
both by not being volatile without decom¬ 
position. In certain exudations the resin is 
dissolved in volatile oil, forming the class of 
olco resins of which the so-called Canada balsam 
is an instance. Gum arabic is a familiar in¬ 
stance of a gum obtained direct from the plant; 
mastic is an instance of a resin. The class of 
gum-resins may be represented by myrrh. 

Now, amongst these resins and oleo-resins 
there is a group the members of which arc marked 
by possessing a peculiar fragrant odour and 
agreeable pungent taste, which is due to the 
presence of free or combined cinnamic or ben- 

1 Analysed at Imperial Institute. 

* Analysed by Dr. Obach. 

* Average figures for nineteen commercial lots 
representing 50 tons. 


zoic acid. These are the balsams , and it is 
convenient to consider them as a class by them¬ 
selves. The word ‘ balsam,’ it is true, has some¬ 
times been used in a wider sense—indeed, it was 
originally employod for an oleo-resin resem¬ 
bling the so-called Canada balsam ; but it is 
more convenient to restrict the term to resins or 
oleo-resins which contain cinnamic or benzoic 
acid. The balsams have long been familiar to 
writers on materia mediea, some of them being 
known to Pliny, and even earlier to the Greek 
physicians. They are favourite constituents of 
tho incense used in the Greek and Roman 
churches, and while they cannot be said to have 
an important therapeutic value, they are reputed 
mild tonics and stimulants and are a common 
flavouring agent hi expectorant medicines. The 
following are the more important:— 

Benzoin. (linn Benjamin; Btnzdinum , 
B.P., U.S.P. ( Benzoin , Fr.; Benzoihaiz, Ger.). 
The benzoin,of Java and Sumatra is derived 
from the thick-stemmed trees of Styrax Benzoin 
(Dryander, Phil. Trans. 1787, 303 ; Bentl. a. 
Trim. 109), while tho more highly prized Siam 
benzoin is probably obtained, according to 
Royle, from the Styrax Fmlaysoniana (Wall). 
The source of Siam benzoin is, however, still 
uncertain (Holmes, Pharm. J. [3] 14, 354). The 
first European writer to mention benzoin is 
Batuta, who travelled in the East early in tho 
fourteenth century, and from that time to the 
present day the drug has been an established 
article of materia mediea. It is largely used for 
incenso and in the preparation of fumigating 
pastilles, and enters into the well-known Friars’ 
Balsam or compound tincture of benzoin, a 
favourite dressing for wounds. 

The juice exudes from the trees as the result 
of incisions, and it is allowed to harden before 
it is romoved. During tho first three years 
of the life of a tree the balsam dries in the form 
of tears. This is called head benzoin, and if 
the most highly reputed. A less esteemed 
variety is obtained during tho following seven or 
eight years, which is browner in colour and is 
called belly benzoin. Lastly, the trees are split, 
and the commoner foot benzoin is scraped off 
[cf. Fliick. a. Hanb. 405). 

Benzoin is obtained as a hard brittle mass, 
consisting essentially of a mixture of resins 
together with uncombined benzoio and some¬ 
times cinnamic acids. The resins are entirely 
soluble in solution of potash and in alcohol, but 
by their behaviour toward other solvents they 
have been distinguished as a-resin, jS -resin, &c. 
(LJnverdorben, Pogg. Ann. 8, 397; Kopp, 
Oompt. rend. 19, 1269 ; Van der Vliet, Annalen, 
34, 177). The yield of benzoic acid varies from 
12 to 20 p.e., being on an average about 14 p.c. 
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To extract it (1) the benzoin may be mixed with 
sand and heated in a suitable vessel, over which 
is placed a receiver to collect tho vapours* of 
benzoic acid, which condense in beautiful tufts 
of acioular crystals : or ( 2 ) the benzoin may be 
boiled with milk of* lime, filtered, and after 
concentration of the calcium benzoate solution 
thus obtained, the benzoic acid precipitated by 
hydrochloric acid: or (3) tho free benzoic acid 
may be extracted by treating the powdered 
resin with warm carbon disulphide. Liidy 
(Arch. Pharm. 231, 43) has shown that the 
a-, /3-, and y - resins of the earlier investigators 
are mixtures of the partially hydrolysed cinna- 
mates of the rosin alcohols present, the a-resin 
being the loast and the y - the most hydrolysed. 
He also finds that benzoin from Sumatra con¬ 
tains benzoic acid , styrene, traces of bcnzaldehyde 
and benzene, 1 p.c. of vanillin, 1 p.e. of phenyl- 
propyl cinnamate, 2-3 p.c. of cvnnamyl cinnamate, 
and a mixture of a little benzorcsinol cinnamate 
with much resmotannol cinncynate, this mixture 
forming the main constituent of the balsam. 
In addition, woody impurities occur to tho 
extent of 14 17 p.c., also free cinnamic acid, but 
to a less extent than free benzoic acid. By 
hydrolysis of the mixture of benzorcBinol and 
resinotannol cinnamatcs the two alcohols are 
obtained, bcnzoirsinol C 16 H 2 # 0,, consisting of 
white crystals, and resinokinnol C 18 ll 20 () 4 , 
a brown amorphous powder. 

Siamese benzoin also examined by Liidy 
(Arch. Pharm. 231, 401) differs from Sumatra 
benzoin by containing no cinnamic acid either 
free or combined, the main constituent being a 
mixture of a little benzoresmol benzoate with 
much siaresinofannul benzoate. The total amount 
of benzoic acid from both esters was 38'2 p.c. . 
Tho alcohols obtained by tho hydrolysis of the 
resin are present in the proportion of about 1 : 11 . | 
The benzoreainol is identical with that obtained 
from Sumatra benzoin and crystallises in white 
prisms; m.p. 272°. Sinresmoiannol *12^14^3 
is a brown powder very similar to resinotannol 
obtained from benzoin of Sumatra. To dis¬ 
tinguish between Sumatra and Siam benzoin, 
0*5 grm. is slowly heated to 40° C. with 10 c.c. 
potassium permanganate solution, when tho 
Sumatra variety gives the odour of bcnzaldehyde 
(U.S.P.). 

Benzoin, with the exception of woody frag¬ 
ments always present in the cake variety, should 
dissolve in five times its weight of alcohol, and 
this solution should give with water a milky 
•emulsion having an acid reaction ; not less than 
75 p.c. of Sumatra and 90 p.c. of Siam benzoin 
should bo soluble in alcohol. Adulteration with 
resin may be detected by warming with 
petroleum benzine or carbon disulphide, wash¬ 
ing the benzin solution with sodium bicarbonate 
and then with water, and finally shaking with 
copper acetate solution : a green colour indicates 
the presence of resin. 

Peru. Balmmum Peruvianum , B.P.; 
U.S.P. ( Baume de Piron, Fr.; Perubalsam, 
Ger.) 

A dark molasses-like liquid obtained in the 
State of Salvador in Central America from trees 
of Myroxylon Pereirce (Klotzsch). Description, 
v. Benth a. Trim. 83. Balsam of Pofti was pro¬ 
bably introduced into Europe soon after the 
Spanish conquest of Guatemala in 1524 (Fliiok. a. 


Hanb. 206). The bark is bruised and scorched 
late in the autumn, and the exudation excited 
by this means it collected (Fliick. a. Hanb. 207 ; 
Dorat, Am&r. J. Pharm. [3] 8, 302; Hanbury, 
Pharm. J. [3] 6 , 241, 315). 

Balsam of Peru sinks in water, in which it 
is insoluble. It has a sp.gr. of 1*140 to 1*158 
(1*130-1*160 at 25°, U.S.P.). It is foluble in 
absolute alcohol, chloroform, acetone, and glacial 
acetic acid. Examined by Kraut (Annalen, 152, 
129) and Kachler (Ber. 2, 512), the chief con¬ 
stituent of Peru balsam was supposed to be 
cinnamein, benzyl cinnamate 

CgH.-CH: CH*COOC 7 H 7 

Kachler’s analysis of Teru balsam is :—cinnamio 
acid 46 p.c., benzyl alcohol 20 p.c., resin 32 p.c. 
Cf. Attiield (J. J8G3, 557); Deiafontaine (Z . 
1869, 156) finds in addition to benzyl cinnamate. 
cihiimnyl cinnamate or styrucin. Trog. (Arcm 
Pharm. 232, 70) by suitablo treatment has 
divided Peru balsam into two constituents, an 
oil and a resin. The liquid portion, known as 
cmnamein to the earlier investigators, consists 
of benzyl benzoate with a small quantity of 
benzyl cinnamate and forms from 56 to 60 p.c. 
of tho balsam; cinnamic acid and vanillin are 
present in very small proportions. The resin 
when hydrolysed yields cinnamic acid and a 
small proport ion of benzoic acid and peruresmo- 
tannol, a resin alcohol of the formula C 18 H i 0 O 8 . 
1 he balsam has also been examined by Thoms 
(Arch. Pharm. 237, 27J). 

The B.P. demands that at least 57 p.c. shall 
remain in ethereal solution after shaking with 
Nj'2 NaOH solution ; this portion, termed cinna* 
mein, must have a saponification value of not 
less than 235. Tho LJ.S.P. requires an acid 
number J >6 to 84 and 50 to 56 p.c. of cinnamein, 
extracted by ethor from 4*5 p.c. tNaOH solution ; 
the saponification value of the cinnamein must 
be 235-238. 

A useful test is that 1 grm. balsam should 
give a clear solution with 3 grins, chloral hydrate 
in 2 c.c. water. Among the adulterants used 
have been copaiba, gurjun colophony, Canada 
turpentine, storax, tolu alcohol, &c. The 
presence of turpentine may be detected by 
warming 1 grm. balsam with 5 c.c. purified 
letroleum benzine on a water-bath; the petro- 
eum extract on evaporation should yield no 
smell of turpentine and give neither green nor 
blue colouration with a drop of nitric acid, 
showing absenco of resin (U.S.P.). On shaking 
the balsam with water, a diminution in its 
volume will occur if alcohol has been added; 
tho specific gravity also gives information as 
to the probable presence of alcohol. 

(For other modes of testing, v. Hirschsohn 
(Pharm. Zeit. 16, 81); Fliickiger (Pharm. J. [3] 
12, 45); Schlickum (Arch. Pharm. [3] 20, 498); 
MacEwan (Pharm. J. [3] 15, 236); Andree 
(Arch. Pharm. [3] 22, 561); Denner (J. Pharm. 
Ohim. [5] 18, 259). Testing of balsams, resins, 
and gum-resins: Pharm. J. [3] 17, 547.) 

A White P n ru Balsam is sometimes pre¬ 
pared in Salvador by expression from the fruit 
of the Myroxylon Pereirce. It is a golden yellow 
semi-fluid granular crystalline mass •ontaining 
a crystalline resin, myroxocarpin c„h m o„ 
together with styrolene, styracin, and cinnamic 
ac%d (Stenhouse, Anqalen, 77, 300; Pereira, 
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Annalen, 77, 309 ; Scharling, Annalen, 97, 70 ; 
Harrison a. Matych, J. 1875, 856). (For more 
recent Investigations, see Germann (Arch. Pharm. 
234,641); Biltz (Chera. Zeit. 26,436)'; Thoms a. 
Biltz (Chem. Zentr. 1904, ii. 1047); Hellstrom 
(Arch.\ Pharm. 243, 218). For other varieties 
of Peru balsam, v. Fliick. a. Hanb. 210.) 

Storax 1 , Liquid Storax ; Balsamum Slyracis ; 
Sty rax praeparatus, B.P.; Styrax, U.S.P. 
(Styrax Liquide, Fr.; Fllissiger Storax. Ger.) 

Storax balsam is derived from trees of 
Liquidamhar oriental in (Miller), which are 
natives of Asia Minor (cf. Bentl. a. Trim. 107). 
This liquid storax is nearly related to another 
harder resin—the exudation of the Styrax 
officinale. (Linn). Both have been known 
since^the later Greek period, but the latter is 
now no longer an article of commerce. Storax 
l^as been identified in the resins obtained from 
embalmed Egyptian mummies dating back 
about 3000 years (Tsehireh and Reuter, Arch. 
Pharm. 250, 170). To obtain the storax the 
outer bark of the tree is removed, and the inner 
bark is collected and boiled in water. The 
balsam melts and rises to the surface and is 
skimmed off. 

liquid storax is heavier than water, about 
the consistence of honey, and of a greyish-brown 
colour. It always contains a little water, which 
imparts to it a greyish opacity. When this is 
removed, by long standing or by heat, the resin 
becomes quite transparent. Dried m this way it 
is soluble in alcohol, ether, carbon disulphido, 
and volatile oils; but not in light petroleum. 
The odour of storax is agreeably balsamic and 
the taste aromatic and pungent. Examined 
with a microscope crystals may be delected 
which have been ulentjiied, the feathery spicular 
crystals as styracin, and the rectangular tables 
and short prisntt as cinnamic acid. 

Storax contains 10 p.c. to 20 p.c. of water, 13 
p.c. to 18 p.c. of woody and inorganic impurities, 
leaving 56 p.c. to 71 p.c. of matter soluble in 
alcohol, which consists chiefly of styrene, meta- 
styrene, cinnamic acid, Btyracin, and a large 
proportion of resin (Fliick. a. Hanb. 275). The 
alcohol-soluble part constitutes the styrax 
praeparatus of the B.P. 

Styrene, or phenylethylene 0 8 U 6 *CH : CH, is 
obtained as a colourless mobile liquid by distill¬ 
ing storax with water (Bonastre, J. Pharm. Chim. 
16, 88; Simon, Annalen, 31, 267). The solid 
polymeride of styrene, mrastyrene , is also said 
to exist in storax. Cinnamic acid to the extent 
of 6 p.c. to 12 p.c. is obtained by boiling the 
balsam with sodium carbonate solution, which 
extracts it as a sodium salt from which the free 
acid is liberated by mineral acids. 

Styracin or cinnamyl cinnamate 
C.H.CH: CII-COOC 9 H b 

wa* originally discovered in storax by Bonastre. 
It may be obtained, after removal of the styrene 
and cinnamic acid by treatment of the residue 
with ether, alcohol, or light petroleum in the 
form of a liquid, which with diflieulty assumes a 
solid crystalline form, the crystals melting at 
44° (Simon, Annalen, 31, 273 ; Toel, Annalen, 
70, 1; Hiller, Annalen, 188, 200). Styracin 
is reldily converted by alkali into cinnamyl 
alcohol and cinnamate. Benzyl alcohol has been 
detected as a constituent of storax by Lauben 


heimer (Annalen, 164,289). A good bibliography 
will be found in W. von Miller’s memoir on the 
Chemical Compounds contained in Liquid 
Storax (Annalen, 188, 184), in which the author 
describes as present, in addition to the consti¬ 
tuents already mentioned; phenylpropyl cinna¬ 
mate , ethyl cinnamate, ethyl vanillin, large 
quantities of two alcoholic compounds, a- and 
ji-storesin, and their cinnamic esters, a sodium 
compound of storesin and a resin. Dieterich 
showed that Miller’s ethyl vanillin was really 
vanillin (Pharm. Centralhalle, 1896, No. 28). 
According to v. Itallio (Chem. Zentr. 1901, ii. 
856), a good specimen of storax contains about 
2*4 p.c. of substances insoluble in other, 23*1 p.c. 
of free cinnamic acid, J4 p.c. of water, 22’5 p.c. 
of aromatic esters, 2 p.c. of styrene and vanillin, 
and 36 p.c. of resin. The total proportion of 
cinnamic acid is about 43 p c*.; the combined 
acid occurring partly in the resin and partly in 
the aromatic esters. 

The B.P. demands an acid value between 
60 and 90, and an ester value between 100 an A 
146 ; the U.S.P. an acid value of 56-85 and a 
saponification value of 170-230. Storax is some¬ 
times adulterated with turpentine. To detect 
this Hager dissolves the balsam in a little warm 
alcohol, and shakes this solution with light 
petroleum. The light petroleum on evaporation 
leaves a residue ••in which the terebinthinous 
odour is concentrated, and may be. readily 
detected. Further, the residue so obtained, in 
the ease of genuine storax, is colourless with a 
bluish opalescence, and represents 45-55 p.c. 
of the original balsam ; but if turpentine be 
present the percentage is larger, and the residue 
has a yellowish colour (Ph. Oentli. 15, 163). 

Closely allied to liquid storax are the exuda¬ 
tions from the Styrax officinale (Linn.), Liquid- 
arnhar styraajlua (Linn.), a native of North 
America, the balsam of which was examined 
by Fliickigcr and v. Miller (Arch. Pharm. 
[3] 20, 646, a. 648). It is obtained in the 
form of a sticky grey mass containing white 
crystalline portions mixed with fragments of 
wood and bark. Its composition docs not 
differ essentially from that of Asiatic Storax 
(v. Itallie). Liquidamhar formosana (Hance); 
and Allingia excelsa (Noronha) (cf. Fliick. a. 
Hanb. 276 ; Tsehireh a. v. Itallie, Arch. Pharm. 
239, 541). 

Tolu. Balsamum tolutanum, B.P. • U.S.P. 

(Baume de tolu, Fr.; Toluhalsam, Ger.) 

Monardcs, in his book published in 1574, 
describing the products of the West Indies, itf 
the first to mention balsam of tolu. Soon after¬ 
wards it was introduced into England. Tolu is 
the product of the trees of Myroxylon toluiferum 
(H. B. a. K.), natives of Venezuela and New 
Granada, and probably also of Ecuador and 
Brazil. Considerable amounts are exported by 
Bolivia. (For botanical characters, v. Bentl. a. 
Trim. 84.) V-shapcd incisions arc made, and the 
concreted juice from time to time collected. This 
draining of the trees goes on for eight months of 
the year (Weir, Journ. R. Hort. Soc., May, 
1864). 

Balsam of tolu is a viscid resin or plastic 
solid, whicli on exposure hardens and is brittle 
in cold Weather. It has an agreeable odour 
suggestive of vanilla, and has a decided aromatic 
taste. Crystals of cinnamic acid may be seen 
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in tolu when thin layers are examined. It is 
soluble in aloohol (1 in I), glacial aoetic acid 
(I in 1), ohloroform (2 in 1), benzene (I in 3), 
acetone, also in caustic potash. Carbon di¬ 
sulphide dissolves it partially, removing chiefly 
cinnamic acid. Balsam of tolu consists for the 
most part of an amorphous resin similar to that 
left by carbon disulphide in the case of Peru 
balsam. This resin on hydrolysis yields tolu- 
resinotannol C 17 H 18 0 5 , a lower liomologuo of 
peruresinotannol, a dark brown pbwder decom¬ 
posing at 100° without molting. It gives colour 
reactions with forrio chloride and potassium 
dichromate, and precipitates with lead acetate 
and gelatin (Oberlander, Arch. Pharm. 232, 559). 
Treatment with water extracts from balsam of 
tolu cinnamic acid (Carles, J. Pharm. Chirn. 19, 
112), and according to Busse (Bcr. 9, 830) it 
contains also benzoic acid , and both benzyl 
benzoate and cinnamatc. Distilled with water, 
small quantities of a peculiar hydrocarbon pass 
over which has been called tokne. The yield, 
according to Deville, is 2 p.c. (Aim. Chim. Phys. 
[3] 3, 152). Tolenc has the formula 
Its sp.gr. at 10° is 0-858 (Kopp), and it boils at 
170°, according to Deville and Scharlmg, or at 
154°-1G0° (Kopp). Deville found tolene to havo 
a vapour density of 5*1. 'This hydrocarbon does 
not appear to have been furtlny studied or to be 
known in any other chemical relation. 

Colophony present as an adulteration in 
tolu may be detected by extracting 1 grin, with 
25 c.c. of carbon disulphide and filtering; on 
evaporation the residue, dissolved in glacial 
acetic acid, does not become green on addmg a 
few drops of sulphuric acid. The carbon di¬ 
sulphide, or light petroleum extract, filtered and 
shaken with 01 p.c. copper acetate, does not 
become green (Hirschsohn, Chem. Zcntr. 1895, 
ii. 094). Added colophony is also delected by the 
saponification number of the residue left on 
evaporation of the carbon disulphide. If the 
residue falls below 25 p.c. the addition of 
exhausted balsam may be suspected. When 
turpentine has been added, sulphuric acid pro¬ 
duces a black instead of the normal cherry-red 
colour. The U.S.P. demands saponification 
value 154 -220 and acid value 112-108 for tolu 
balsam; the B.P. requires 107-4-147-2 for 
acid value, and a saponification number of 
107-202. 

Xanthorrhoea Balsams. A number of bal- 
samio resins are obtained from the xanthorrheeas 
gr grass trees of Australia. Seven species of 
these, the arborca, australis , Hostile, media, 
minor, bradeata, and Puvnlio were described as 
early as 1810 by Brown (Prodromus Novte 
Hollandiae). The first. tw r o are arborescent trees, 
the third and fourth have short stems, and the 
last throe are stemless. Hirschsohn (Pharm. 
Zeit. 16, 81) distinguishes three xanthorrhaea 
balsamic exudates; but of these only two are 
important, the yellow or acaroid balsam and the 
red balsam (Pereira, Mat. Med. 3rd ed. 1099). 

Acaroid Balsam , Acaroid Resin , Resina 
Acaroides, Resin of Botany Bay. This balsam 
was first mentioned by Governor Phillips in 
1789 (Voyage to Botany Bay). It exudes spon¬ 
taneously from the Xanthorrhoea Hostile and, 
according to some writers, from the X. arborea. 
It ha& a yellow colour resembling gamboge, 
and when heated evolves a balsamic odour. 


It is used in the preparation of sealing-wax and 
lacquers 'and japanner’s gerfd-aize. Rudling 
found for Jthe yellow resin an acid value of 
65-90, a saponification value of 100-150, and 
an iodine valuo of 175-176 (Chem. Rev. Fett. 
v. Harz. Ind. 1903,10,51). It may bo identified 
by heating with nitric acid, dissolving the cold 
residue in alcohol and adding 10 drops of 5 p.c. 
ferric chloride solution. A brownish-black 
colour and turbid appearance denotes the 
presence of acaroid ream (Rebs, Lack. und. 
Farb. Ind. 1908, No. 11). Its chief constituents 
arc resin, a trace of volatile oil , aud cinnamic, 
benzoic, and para-coumaric acids , also para- 
hydroxybcnzaldehyde and probably vanillin (Bam¬ 
berger, Monatsh. 14, 333). The resin consists of 
xanlhoresinulannol (' 4a H 4a () 10 , chiefly in*form 
of para-cournarale (Hildebrand, Arch. Pharm. 
234, 698). (For properties of xanthorrhoo* 
resin oil, see Sohiramel and Co. (Chem. Zentr. 
1898, i. 258); Haonsel (Chem. Zeit, 1908, i. 
1837).) By distilling acaroid balsam, Stenhouse 
obtained a light neutral oil containing benzene and 
cinnamene, anil by treatment with nitric acid 
tho same observer finds acaroid balsam to give so 
largo a yield of picric acid that he recommends it 
as a convenient sollrce of that compound.* As 
much as 13 p.c. of parahydroxybenzoic acid is 
formed when acaroid balsam is fused with potash. 
Amongst the other products of this reaction, are 
icsorcinol, pyrocatechol, and a double compound of 
paia-hydtuxybcnzoic and protocatechuic acids 
C U H, a 0 7 ,2H t O, which has been likewise ob¬ 
tained from benzoin (lllasiwetz and Barth, J. 
1806, 630). 

Red Acaroid Balsam. Grass-tree Gum . Black • 
boy Gum. A rod balsamic resin rosembling 
dragon's blood, and obtained chiefly from 
Xanthorrhoea australis. When Impaled it evolves 
a. balsamic odour. Tins resin does not contain 
cinnamic or benzoic acid, it contains a small 
quantity of para-hydroxybcnzaldchyde, and con¬ 
sists mainly of crythroresinotannol C 4Q H 40 () 10 , 
chiefly as para-eoumarate (Bamberger, Hilde¬ 
brand). Its solution in aloojiol stains a deep 
mahogany colour. A red acaroid balsam is also 
obtained from the Bahamas, which is lighter in 
colour than the Australian variety. It is 
similar in composition to the latter, exeept that 
it contains cinnamic acid. Grass-tree resins 
are used in the preparation of spirit lacquers, 
varnishos, sealing-wax, &c. During the Euro¬ 
pean War considerable quantities of picric acid 
were made from tho different varieties of 
xanthorrhoea resins. 

BAMBARA FAT v. Bassia oils. 

BAMBOO. The ash of the shoots of these 
grasses ( Bambusa arundinacea (Willd), Gigan « 
tochloa verticillata (Munro), &c.) contains from 
30 to 40 p.c. of potash (K t O), and constitutes a 
good source of potash. The fibres of the shoots 
supply an excellent paper-making material, 
and have been used for this purpose by the 
Chinese from lime immemorial (Romanis, 
Chem. News, 45, 158; 46, 51; Nature, 18, 50). 

BAMBOOI FAT or BAMBUK BUTTER t>. 

Bassia oils. 

BANANA. The fruit of Musa sqpieiUium, 
a plant growing freely in tropical countries. 
When ripe the pulp is rich in sucrose and invert 
sugar, but in the unripe condition contains much 
starch, and is extensively used for the prepara- 
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tion of banana flour in the Indian Archipelago, 
Brazil,,the west Coast of Africa, and the Paoific 
Islands. t 

Analyses by Leuschor (Zoitscli. oflentl. 
Cliem. 1902, 8, 125) of (1) green husks, (2) ripe 
husks, \3) unripe fruit (pulp), (4) ripe fruit (pulp), 


and (5) Umana-mcal, aro as 

follows 

:—- 



(1) 

(2) 

(3) 

O) 

(5) 

Water 

70-0 

70-0 

70-5 

671 

150 

Crude protein . 

2*0 

2'9 

3-9 

5'0 

7-0 

Crude fat 

45 

4-1 

01 

0-2 

0-3 

Crude fibre 

•9*9 

8-6 

04 

0-3 

5-9 1 

N-free extract . 

8-3 

10-4 

— 

— 

70'0 

Starch 

— 

— 

191 

— 


Dextrin . 

— 

— 

2*6 

10 


Tannin . 

— 

—. 

2*2 

0-1 


Sucrose . 

— 

— 

— 

ia-8 


Invert sugar . 

— 

— 

— 

9-7 


Ash 

5 3 

39 

1-1 

0-9 

1-8 


Only the quite green fruit, containing mero traces 
of sugar, can be used for preparing the meal. 

Ripe bananas contain mverlasc (Mirran, 
Chom. Zcit. 1891, 17, 1283). American analyses 
show much less protein in ripe bananas than 
is given m Leuseher's figures, the average being 
only, 1*3 p.c. (Bulletin 28, U.S. Dept, of 
Agriculture, 1899). 

The pulp appears to contain small quantities 
of amyl acetate, to which its characteristic 
aroma is due. 

For a study of the relative amounts of 
ouorose, invert sugar and starch present in the 
fruit dried at temperatures botween 40° and 
105°, see Waterman (Cliem. Weekblad, 1915, 
12,552). For a study of the changes m composi¬ 
tion of ripening bananas, see Gore (J. Agric. 
Research, 1914, 3, 187). 

The stalks and skins of bananas are rich in 
potash, and have been suggested as worth 
collecting for mammal purposes (Fills, Jour. Soc. 
Chem. lnd. 1918, 150 and 521). The following 
figures were quoted :— 


Moisture . 

Dry matter 
Ash, in original 
Potash, in original 
Ash, in dry matter 
Potash, in dry matter 
Potash in ash 


Stalks. Skins. 
91*0 p.c. 88*2 p.c, 
8-4 „ 11*8 „ 

2*4 „ 1-8 „ 

M „ !•<» „ 

29-9 „ 15*0 „ 

13*7 „ 9*0 „ 

45*9 „ 57-2 „ 


It i3 estimated that the bananas imported 
into this country per annum (about 9,000,000 
bunches) inolude, on the averago, about 1(5,000 
tons of stalks and (50,000 tons of skins, containing 
about 160 tons and (500 tons of potash, respectively. 

BANDROWSKI’S BASE. Tetra-amino- 
diphenyl-p-azophenyleue. 

BAPTISIN v. Glucosides. 

BAPTITOXINE u. CvnsiNE. 

BARBALOIN t\ Glucosides. 

BARBAT1C ACID. Barbatic acid C 1B H a0 O 7 
was first isolated from the lichen Usnea barbala 
by Stenhouse and Groves (Chem. Soc. Trans. 
1880, 37, 405), in which it occurs in conjunction 
with usnio acid. Zopf (Annalen, 1897, 297, 271) 
found barbatic aoid in the Usnea longissuna , in 
the Electcaa ochrole uca(ibid. 1899, 306, 282), and 
in the Uinta dasypoga {ibid. 1902, 324, 39); 
Hesse (J. pr. Chem. 1898, ii. 57, 232) describes 
its presence in the Usnea lonjissima, Usnea 
1 Including tannin anil colouring matter. 


barbata, and Usnea ceratina. Hesse (l.c. 
originally considered that barbatic acid had the 
composition C 82 H 24 0 8 , and described potassium 
barium and copper salts and an etbvl ester, 
m.p. 132°, which apparently established this 
formula, but in a later paper (J. pr. Chem. 1903. 
ii. 68, 1) he adopted Stenhouse and Groves’ 
formula, C 1B H a0 O 7 . The sodium salt 
C 1B H 1B O v Na, 2H a O 


crystallises in straight-sided leaflets (c/. also 
Zopf, 1902, 789). The action of acetic anhydride 
on barbatic acid leads to the formation of a 
compound which is probably the lactone of 
acetylbarbatic acid; this melts at 250° and on 
recrystallisation from acetic anhydride yields 
acetylbarbatic add C 1B H 1B (0 2 H s 0)0 7 , m.p. 172°. 
By the hydrolysis of barbatic acid with aqueous 
alkalis betorcinol and rhizoninic acid are formed. 
Barbatic acid crystallises in colourloss needles, 
m.p. 184° (Hesse, J. pr. Chem., 1906 (2), 73, 
113).- r A. G. P. 

BARBERRY. Barberry or berberry, Bef- 
beris vulgaris, is a compact bush which attains 
to a height of from 8 to 10 feet, and is found wild 
in Great Britain and throughout most parts of 
Europe and North America. The colouring 
matter present is bciberinc, and this, though 
occurring mainly # m the bark, is also present in 
the stem and root of the plant. 

Until recently a concentrated commercial 
extract of this material, known as * Barberry 
extract,’ was to bo found on the market, and 
employed for dyeing silk and leather. It cloes 
not appear to have beon at any time extensively 
used for these purposes, and is now apparently 
obsolete. 

Barberry is, however, interesting, in that it 
contains the only natural basio dyestuff at 
present known, and may, in fact, bo appliod 
to fubricR m the same way as the artificial basic 
colouring matters. Silk and wool, for instance, 
may be dyed yellow by means of a faintly 
acidulated decoction of the material, preferably 
at from 50° to 60°, whereas for cotton, a tannin 
antimony mordant is necessary. 

For the isolation of berberine the procedure 
is simple, and consists merely in extracting the 
ground dyestuff with boiling water containing a 
slight excess of lead acetate. The concen¬ 
trated extract is mixed with hydrochlorio acid 
when, on coolmg, crystals of berberine hydro¬ 
chloride separate. Berberine hydrochloride, 
CgoHiaOjNCl, 1 when pure, crystallises in lonj, 
silky needles which possess an intense yellow 
colour q,pd are soluble in hot water and alcohol. 
The most reliable of the earlier analyses of 
berberine arc those given by Perrins (Annalen, 
Supp. 2, 176), who suggested the formula 
C 20 H 17 NO 4 , but it is now known that berberine 
has the composition C a0 H 1B NO B . The base 

1 The substance commonly known as berberine hydro¬ 
chloride Is, in fact, not a hydrochloride, but a quaternary 
chloride containing the grouping given below, and 
should be named berbennium chloride (W. H. Perkin, 
Chem. Soc. Trans. 1918, 118 608)— 

\/ CH Vc/v 


‘ /X ° h/ 01 X <C‘ 

The old names for this and the other salts doscrlbed 
are, however, retained in this article. 
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berberine (or berberinal) is best obtained by 
adding strong caustic soda to tho aqueous 
solution of the sulphate and extracting *the 
product with ether, from which it separates in 
yellow noedles and melts at 144° (Gadamer, 
Archiv. dcr Pharm. 4905, 243, 34). Berberine 
is a strong base, yielding well-defined crystalline 
salts of a deep yellow colour, of which the 
following may be given as examples:— 

Berberine nitrate C 20 H 1h NO 4 *NO # , Berberine 
hydrochloride , 0 a# H l8 NO 4 GI, Berberine hydriodidc 
C ao H 18 N0 4 I, and Beibcnne platmichloride 
(C a0 H 18 NO 4 ) a PtCI e . 

Tho most important of tho early work on 
berberine is that of Hlasiwctz and (him (Jahrcs. 
1804, 407), who by reduemg the base with zinc 
and sulphuric acid prepared triiahydrobcrbcnne 
C a ollaiN0 4 , and by fusion with alkali obtained 
the acids C 8 II 8 0 6 and C 8 H 8 0 6 , the second of which 
was termed berberime acid. Perkin ((’hem. Soc. 
Trans. 1880,55, 80), who subsequently examined 
this latter compound and ftqjnd that its pioper- 
ties agreed in all respects with those givbn by 
Hlasiwetz and (him, has shown that it possesses 
the constitution of a homocatechol carboxylic acid. 

Interesting also is the fact that by the alkali 
fusion of berberine, or by distilling it with lime, 
Bcrnheimer and Bodeeker isolated an oily base 
which they regarded as quinoline, but which is 
now known to be loo-t/tunoliwc. 

Tho most valuable results, however, have 
been allorded by a study of the oxidation pro¬ 
ducts of borbeiine hydrochloride. YVeidel, who 
employed nitric acid for this purpose, obtained 
berberonic acid, (’ K I1 5 N0 8 , winch ho rightly 
regarded as a pyridine tricarboxylic acid, and 
this has been more recently shown to consist of 
the 2:4:5 compound - 
N 

0 GOOII 

(JOOH 

whereas Schmid and Sclnlbach (Arch. Pharm. [3], 


25, 164) by the action of permanganate obtained 
some quantity of hemipinic acid—* 

COOH * 


Subsequently, W. H. Perkin, junr. (Chem. 
Soc. Trans. 1889, 55, 75 ; 1890, 57, 991 ; 1910, 
97, 323) published a series of elaborate researches 
on this subject, and it is almost ontirely to these 
that our present knowledgo of berberine is due. 
By adopting special precautions and by the 
employment of a very large q uantity of material, 
this author succeeded in obtaining from berberine 
hydrochloride by tho action of permanganate, 
numerous important compounds, the Btudy of 
which gave tho duo to its constitution* The 
operations employed are of too involved a nature 
to bo dealt with in detail here, but a general id^i 
of the methods employed can be gathered from 
tho seliemo given below, drawn up by the 
investigator himself (/.<’. J890). 

Among the oxidation products of berberine, 
ttiihydrobcrbcnlic acid and brrbcral have 
proved to be the most important, and these only 
will bo discussed here in detail. 

Anhifdiobeibcnltc acid C 2 o^i7N0 8 , its 
name denotes, is an anliydro derivative of 
berberilie acid, into the sodium salt of which 
it is readily transformed by the gentle action of 
sodium hydroxide solution - 
C 20 H 17 NO 3 +2NaOH-r 20 H 17 NO 1) Na a -l-H a O 
Berberilie acid, C 20 H 10 NO # , though only slowly 
attacked by alkalis, is readily hydrolysed by 
boiling dilute sulphuric acid, and Perkin thus 
obtained hemipinic acid and a basic compound 

('loHnNO, 

(' 20 H 1# NO 9 -(-H a O=* 

CU # (\ /COOH 

\o 4 H 3 \ -b^ioHnNOi 

CH 3 C Y XX)OH 

This lattor substance proved to consist of 
a -annnoethylpipcronyl-carboxylic acid— 


Berberine Hydrochloride is Oxidized with Potassium PeumanoanaW, the Product 

TREATED WITH SULPHUROUS ANHYDRIDE AND FILTERED. 


Yellow Precipitate treated with Warm Dilute 
Sodium Carbonate Solution and Ultcied. 


Yellow Filtrate evaporated to Half its Bulk and filtered. 


Residue boiled with acetic acid 
and filtered hot. 


Residue 

contains 

berberine 

hydrogen 

sulphite, 

c «*' 


Solution on cooling 
deposits crystals 
which mo separated 
b; till ration. 

Residue : Solution 
consists of oontains 
anhydro- 1 berbeial, 
berboiUlc O 20 fl 17 NO 7 
acid, 

C 20 H 17 NO 8 


Solution 

contains 

berberilie 

acid, 

^20^1B^^9 

and some 
anhydio- 
borberillc 
acid, 


Precipitate 

contains 

oxyber- 

beiine, 

CanHw^S' 

dioxyber- 

bermo, 

auhydro- 
I berbeiihc , 
I acid, i 
k,nH,,N0 8 


Solution evaporated to half its bulk and extracted 
twenty times with ether. 


Ethereal solution evaporated, residue ■ 
boiled with dilute sodium carbonate 
solution and filtered hot. 


Rnidue ! Solution allowed to cool and 
contains filter. 

hemi... 

pinic Crystals Solution acidified 

anny- 0 j ,„.ami- with hydrochloiic 

dijde, ethyl-! acid and filtered. 

('i 0 U 8 t) 6 piper--- 

1 onylcur- R eSl due Solution 

boxyhc contains contains 

an iy- ii 0r Utcacla, hydmtlc 


Aqueous 
solution 1 
contains 
hemipinic 
acid, 

Ci 0 H 10 O 4 , 
w-amido- 
cthylpiper 
onylcarb 
oxylic an-1 
hydride, 1 

^hjB*N0 8 , 

and 

inorganic 

salts. 
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CH ,—0 

\>/,Vcooh 


-NH,. 


and the main facts which lead to the determina¬ 
tion of its constitution arc as follows :— 

When boiled with water, it readily loses the 
elements of water with production of the 
anhydride— 

/(\ /CO—NH 

CH,< >C,H,( | 

which reacts with nitrous acid to give the nitroso 
derivative— 


CH,' 


0\ 

V.H 

O' 


•CO ■ N'NO 


/ 

'Vh. 


I 

■CH, 


arfd this compound with dilute caustic soda 
evolves nitrogen with the production of w-hy- 
droxyethylpvperonyl-carboxylic acid — 


CH. 


’C»H. 


m v N 


The anhydride— 
CII a 


/O. 




COOH 

ch 2 ch„-oh 


CO—0 




/ 

Nil 


•CH, 


Berberal/ As in the case of berberilio 
acid, the constitution of berberal has been 
established mainly by a study of the products 
of its hydrolysis. By the action of alcoholic 
potash it yields «-aminoethylpiperonyl- car¬ 
boxylic acid and an acid*C 10 H 10 O # , and thus 
resembles bcrberilic acid which under similar 
conditions gives hcmipinic acid in the place of 
this latter. 

The acid C 10 H, 0 O 5 on examination proved to 
bo constituted similarly to opianic acid (1), and 
was, therefore, termed pseudo-opianic acid (2)— 
MeO MeO 


(1) 


MeO; 


rooif 


0 - 
n/OOH 


( 2 ) 


Me(J| 


O CUH 
COOII 


Thus by ill" action of caustic potash solution it 
gavo veratne acid — 

MeO 


MetiQj 


'COOH 


and when reduced formed the unstable acid (3) 
winch readily passed into pscudomcconine — 

MeO MeO , nr 

1 0 

co /// 


(3) 


McOl 


iCHpOH 

COOH 


f ( 

MeOfY 

w KJ\ 


readily obtained from tins latter by merely ; JYrkin now found that whereas pseudo-opianic 
boiling with water, when fused with alkali yields J acid and cu-ammoethylpipproiiyl-carboxyhc acid 

on heating together give first the salt of the base, 
tiiat tins subsequently by elimination of water 
passes into berberal— 


catechol and protocatechutc acid — 
UI £>('(,H 3 -COOH 


OH- 

and by the action of hydrochloric acid at 170°- 
175° is converted with loss of carbon, a reaction 
characteristic of % piperonal derivatives, into 
hydroxyelhylcatechol-carboxyUc anhydride — 

/CO—O 

i 


CH <0> 


■C.H 


*\ 


Cl!,—CH, 


OH 


\ 


, 00—0 

\lh< I 


+C 


oh/ ,, ‘ i \jH,—CH. 

As the result of these experiments, there could 
be little doubt that bcrberilic acid (1) and its 
anhydride (2) possess the constitutions given 
below— ' 

OMe 


c„h 10 o,+c 10 h,no,=c, I) h„no,+h,o 

Apparently, therpfiuc, berberal could bo repre¬ 
sented as follows:— 


0-CH, 


•COlt 
-CO—N- 


.00— 

-CH.'CHj 


i0/ 


(1) 


Me0/\-C00H C001l/\0\ CH 

ly/—CO—NH’CHj'UH,—\/0/ ' 


OMe* 


( 2 ) 


Me0/\-C0. 


\ ^AOv 

—CO—N—CHj’CH,—ly/l 0/ 

and that those are correct was subsequently 
established by the observation that the hemipi- 
nate of w-aminoethylpiperonyl-carboxylic acid 
(3) on heating is transformed into anhydro- 
berberilio acid— 


(3) 

Med * 


JDOQH 


COOH, 


a** A/VUU WUil, AA 

)C.H,( y,H,( Vh, 

MeO' HJOOH.NH.'CHpCH/ V 


MeO 

Mo °0" 

and (his formula was at first adopted. 

Licbermann, however (Ber. 189<>, 29, 175), 
subsequently pointed out that when opianic 
acid reacts with aniline to form anilinoopianic 
acid (1) the latter behaves as a derivative of 
hydroxyphthahde (2)— 

MeO MeO 


MeO; 

(I) 


CO 

(X> 


s >° 

N'H-NHC.H, 


MeO 


( 2 ) 


A/\ 

(l )° 

VNjhoh 

and it is now generally accepted that in the 
condensations of opianic acid with basic sub¬ 
stances, it is always the carbon atom of the 
aldehydo group which becomes attached to the 
nitrogen in the final product. 

As a result of this later w r ork, Perkin and 
Robinson have modified the original ex¬ 
pression for berberal as follows:— 

Me / V /CH-N-CHpCH/NOv 

Moc/Y >o I_Co\Jo> CH > 

Wo 

An examination of the formula both of berberilio 
acid and of berberal, led Perkin in 1890 to the 
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consideration that in berbcrine the following 
groups of atoms are present— 


MeO 
MeO, 


Ck 


and -N-ai a ~CH^-/\« 




>CH, 


and that, in order to construct a formula for this 
alkaloid, these require to be united with the 
addition of but one atom of hydrogen. As a 
result the following constitution was assigned to 
this alkaloid— 


(‘IIj-O 

16 


CIJ.0 

CH.o/V®' | | 

I I I N ('H, 

I * CR a 
H 


this structure being based upon the older 
formula of berbenne, C 20 H l7 NO 4 , which at that 
time was considered to be correct. 

Subsequently Perkui and Robinson pointed 
out that the methylenedioxy-group m 
Perkin's original formula* had been in¬ 
correctly placed, as was evident from an 
examination of the structure of w-amino- 
ethy lpipercmv 1- car bo \ y lie at id (rf. also Freund 
and Beck, Bei. I HOI, 37, 4(573). Moreover, 
as a result of the newer views of the former 
authors as to the constitution of berberal (l.r.) 
the position of the niethoxy groups m the old 
berberme formula required modification. It is 
now considered that berberme has the formula 
C'johiftOjN, and is represented by formula (1), 
and that for the purpose of salt formation it 
undergoes change into the modification called 
berberinmm hydroxide (2), from which the salts 
are obtained bv the replacement of the Oil 
group by the acid radical— 


O-CH f 


MeO' 
MeO 


,/ 


(1) /\ 

}' I l.,„ ■ 

CiT, 


Oil 


0-CK, 

,/ 


(2) /\, Cli \C/' k 


MeO 


OH 


OH, 


The reasons for this assumption (W. H. Perkin, 
jun., Chem. Soc. Trans. 1918,113, 503) are based 
on the similarity between berberino and cotar- 
nine, but are too complex to enter into in this 
artiole, and for their understanding the literature 
must be consulted (c/. Robinson anft Robinson, 
Trans. 1917, 111, 958). 

Interesting is the fact that though the salts of 


berberine are derived from the hydroxyl formula 
and contain the grouping— f 

■ Y ch \c/\/ 

(where X—Cl, H80 4 , NO t , &c.), the alkaloid 
itself exists as a different modification. 

When berberine sulphate is treated with 
barium hydroxide (Gadamer), a strongly alkaline 
liquid is produced which possibly contains the 
hydroxy modification of berberine (berberinium 
hydroxide), but if to this solution excess of 
sodium hydroxide is added, the yellow modifica¬ 
tion known as bn In n Mil is obtained. The con¬ 
stitution assigned to tins substance by Gttdamer 
was— 


O-GIF. 

/ 


(') 


Md I: 


„CH. 




MeO OI0 


Vu 

. /Clf, 

CJ1. 


but its most probable structure is that tepre 
seated by the formula— * 


0-Oil, 

(/ 


/y CII v. 

A\/ 

MeO , 


Oi r 


CH t 


OH 


(rp. Tinkler, Chem. Soc. Trans. 1911, 99, 1345). 

When treated with excess of alkali, berberinal 
yields dihydroberberme (1) with simultaneous 
formation of oxyberberme (2), owing, according 
to Gadamer, to the conversion of the COH group 
into CH a (OFf) and COOH in the manner cha¬ 
racteristic of aromatic aldehydes— 



( 2 ) 


66 ' 

0 / CH wV 

V 0 A> f « 

f'H 


0-CH t 

V 


The latter compound was first obtained 
by Perkin as an oxidation product of ber¬ 
berine. 

On the other hand, Faltis (Monatsh. 1910, 
31, 557) considers the reaction of berberinal with 
alkali to be similar to that which takes plaoe 
between quinoline methiodide undef the same 
conditions and that the products of the reaction 
are oxyberberine and tetrahydroberberinc [cf. 
Dekker, 1903,1205 a»d 2568). It has, however. 
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been shown conclusively that Faltis’ view 
is incorrect (W., H. Perkin, private com¬ 
munication). 

Berberino is closely allied to hydrastinc, 
which occurs along with it in hydrastis canadensis, 
and the* relationship between these compounds 
is clearly evident, if the formula of Gadamer for 
berberinal Vnd that of hydrastino (see above) 
are compared— 

0-Cll a 

'|0 / 


A 


_CI1 


•v> 


Me0 \/'\ t . H0 NH \/ 

MuO 1 eii 


low. 


Bciboriual. 


A' I 


JO 


o —(’ll, 

P/ 


MeO 


\/ 

MuO 


II 

'"€0 


01 


NM« 

\ 

OJI, 

0 Ilytirastim*. 

In 1911 I’iclnl and Hums (Her. 1911, 44, 
248(1} were aueecseful m efleutiiig the synthesis of 
berberine by the folluromg Buried of ruactiuna. 
Homopiperonylamine, 

CH,:0,: C'.W.-OH.-OHj-NH, 

by condenBation with tlio chloride of fiomo 
veratnu acid, 

(CU,0),C,lI,-CH i -(X)01, 
yields homo-vcrutroyl-homopiperojiyUimiiw (I) — 
()-€ 11 , 


( 1 ) 


MeO 1 
MeO 


0 


/ CH N:o 


(X 

I 




and this compound on treatmont with phos¬ 
phorus pentoxide in the presence of boiling 
xylono is transformed into the dihydro-quinoline 
base (2). By reduction with tm and hydro¬ 
chloric acid this passes into veratroyl-methylene- 
dioxy-tetrahi/dro-iso-q ninoline (veralryl norhydro- 
hydrasUnine ) (3)— 

0-CII a 

vA 


( 2 ) 


MeO 1 
MoO 


0 


/ U1I >\(/ 


0 “ 


€11, 


(3) 


Mel 


/ CiI ,\ca/'N 


) 


on, 

,/ 


Mei 




which on treatment with methylal, CH t (OCH t ) t , 
give$ tetrahydroberberine (4), a compound 
originally prepared by Hlasiwetz and Gilm, and 
subsequently examined by Perkin and others. 
This by the action of mild oxidising agents such 
as iodine or raorcuric acetate is readily trans¬ 
formed into berborme (5)— 


0-CH 8 

0 / 


(4) 
MeO 


/\/ ch »Vh/ 


u 


0 


MeO 1 €H, 


Oil, 



For the synthesis of oxy berberine the paper of 
Pictet and Spengler (Ber. 1911, 44, 2030) must 
be consulted. 

Numerous plants contain berberine, and 
though most of these have been or are used 
medicinally, their employment for dyeing has 
apparently been of lare occurrence. The 
following list embodies most of these :— 

Bcrberis aquifohum (Gordin, Arch. Pharm. 
1902, 240, 140), B. oetnensis (Perkin, Chem. Soc. 
Trans. 1897, 71, 1198), (Josstnium feneslratum 
and Xanthorrisa aquijolia (Perrins, Annalen, 83, 
270), 1J yd) art is canadensis (Mahla, Amer. Chem. 

J. [2], 33, 843), Coptis aceta and C. trijolia, 
Chdidonium majus and Stylophorum diphyUum 
(iSchlotterbeck, Amer. J. Pharm. 1902, 74, 684), 
livodia melicefuUa and Toddalia aculeata (Perkin 
and Hummel, Chem. Soc. Trans. 67, 414), 
Xanthoxylum clava Hcrculis (Chevallier and 
Pelletan, Journ. de Chim. Mcdicale, 1826, 2, 
314), yellow Assam wood or ‘ Woodumpar ’ 
(Crookes’ Dyeing and Calico Printing), Cotloeline 
polycarpa (Stenhouse, Annalen, 06, 384 ; 69, 40), 
Archawjelisa, lemnis-cata (Becc.) and Mdhonia 
nepalcnsis (D.C.), (Brooks’ Philippine Journ. of 
Science, 14)10, v. 442). 

For the commercial preparation of berberine 
the Hydrastis canadensis, which contains about 
4 p.c. of the alkaloid, forms the best available 
material. A. G. P. • 

BARBITAL and BARBITONE. See Veronal, 
Pyrimidines and Synthetic Drugs. 

BARBITURIC ACID v. Malonylcarbamide. 

BARILLA or BARILLOR. (Fr. Barillc.) 
Commercial name of an impure soda obtained 
from the ashes of tho Salsola Soda (Linn.), 
formerly crown specially in Spain, Sicily, 
Sardinia, the Canary Islands, and the Levant. 
The seed was sown at the end of the year, and the 
plants were ready for cutting in September of the 
following year; they were usually burnt during 
Ociobor. A hole capable \>f holding one or two 
tons of soda was dug in the ground and covered 
over with an iron grating; the dried plants, 
mixed with 1 canes, were heaped on this and set 
on fire. The heat was sufficient to melt the ash, 
which ran down and oolleoted in the hole. More 
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material was supplied to the fire till the hole was 
full of fused soda; it was then covered, with 
earth and left to cool," after which the porous 
mass was broken out and was ready for shipment. 
Contained about 2() p.c. alkali, together with 
chlorides and sulphates of sodium, calcium and 
aluminium and very little sulphur. Formerly 
much used for making soda soap; little, if at 
all, used now. 

Kelp is sometimes called British Barilla. 
BARIUM. Symbol, Ba. At. wt. 1R7 B7. 

The name ‘ baroto ’ (from fiapvs, heavy) was 
given to the earth contained in heavy-spar 
(terra ponderosa) by Guyton do Morvcau in 
1779, and was afterwards altered to * baryta ’ by 
Lavoisier; tho name itself, therefore, is iridic a- 
tivo of the great density of its compounds. 
Barium ocoura principally ns the sulphate, 
barytes or heavy-spar BaS0 4 , and is generally 
found associated with metallic oios containing 
sulphur. Dieulafait (Ann. Clnm. Phys. [5] 15, 
530) has shown that all primary rocks contain 
barium in sufficient quantity to bo easily 
detected. Barium also occurs in nature as 
wilherite BaCO a , baryiocehsttie (BaSrCa)S0 4 , 
barytocalntc (BaCa)C0 3 , alstoniLc. (BaCa)C0 3 , 
and in certain varieties of the ores of manganese; 
also in certain silicates, as brewslcrtie ll 4 (Srl>a) 
Al,Si e 0 18 ,3H. ; 0, harmotomc* II 2 (K 2 Ba)Al 2 Si 6 0 16 - 
4H a O, and hyalophane or baryta-felspar KJia- 
2Al 2 Si 8 0 24 , and frequently in mineral waters. 
Barium is also frequently found in calcium and 
strontium minerals, replacing a portion of those 
elements with which it is isomorphoiis. 

It is never found native. Its oxide, baryta 
BaO, was first recognised as a peculiar earth 
distinct from lime by Scheelo in 1774. 

Preparation. —Davy (Phil. Trans. 1808, 354) 
electrolysed a moist paste of a barium salt, 
using a cathode of mercury. He thereby 
obtained a poor amalgam which on distillation 
yielded a silver-white solid that he believed to bo 
metallio barium, but which in reality was only 
a rich amalgam as shown by Donath (Bcr. 
12,745). ' , , 

Bunsen (Pogg. Ann. 91, 619) slightly modified 
Davy’s process, heating tho amalgam in a 
charcoal boat in a current of hydrogen, obtaining 
a tumefied mass which was probably a mixture 
of hydride and carbide. Guntz has also shown 
that Kern’s method (Chem. News, 31, 243) of 
heating the iodide with sodium yields a sub¬ 
iodide which decomposes water. 

, Clarke (Ann. PhiL 17, 419) exposed baryta 
to the action of the oxy-hydrogen blow-pipe 
tlame on charcoal and obtained metallic-looking 
globules probably of barium oarbide. 

Matthiessen (Aimalen, 93, 277) eleotrolvsed 
the fused chloride and obtained metallic- 
looking globules which were probably sub- 
chloride. 

Maquenne (Bull. Soo. chim. (3) 7, 368) 
heated the amalgam in vacuo, but owing to 
decrepitation of the substance and rupture of 
the tube he was unable to obtain satisfactory 
results. • 

Guntz (Bull. Soc. chim. [3] 29, 483), by 
studying the same process, was finally able to 
distil on all the mercury without* decrepitation 
or bursting of the tube. After many experi¬ 
ments, he finally adopted the following method: 
An amalgam containing 3 p.o. of barium was 
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prei ared according to Davy’s original process, 
and 5 tto 6 lalos of it were distilled in an atino- 
spkero of hydrogen under reduced pressure to 
such a point as to obtain an amalgam having a 
close grain und not readily oxidisablc, containing 
about 10 p.c. barium. About half » kilo, of 
it w'as then placed m an iron boat contained in a 
large porcelain tube. Over tho boat was placed 
a nickel spiral to prevent spurting and loss. 
The tube was then heated very slowly by an 
electric current circuit so as to arrive at a dull 
rod heat in about four hours, a vacuum being 
maintained in tho tube. Tho amalgam slowly 
loses mercury without change of form, and 
towards 900° it suddenly liquefies, when the 
current is turned off to avoid ebullition and 
loss. The amalgam so obtained, obtaining 
about 65 p.c. barium, has a coarsely faceted 
crystalline structure, and quickly oxidise^ in 
air. For tho last operation it is placed in a 
nickel boat contained in a porcelain tube lined 
with nickel foil. The latter is necessary as 
w hen tho barium distils towards the end of the 
operation its corrosive action on the glass 
causes rupture. Tho tube is maintained at 
900 tt for two or throe hours under diminished 
pressure, keeping-the ends of the tube suitably 
cooled ; then at 950° for one heur during which 
time there is a considerable loss of barium. 
The barium so obta ined is kept in an atmosphere 
of dry cm bon dioxide. A sample obtained by 
distilling half the barium had the composition 
Ba 98-35, ITg 0-83, Fe 0-40. In repeated experi¬ 
ments Guntz failed to obtain barium much 
purer than 98 p.c. He, however, found in his 
later experiments that by preparation of the 
hydride a much purer metal could be obtained 
(Compt. rend. 141, 1240). The method is a 
modification of the earlier experiment. After 
the preparation of the motaPin the above way 
pure dry hydrogen is allowed to enter the 
tube, maintained at 900°. It is then heated 
to 1200°, just below the fusion point of the 
hydride ; by this means every trace of mercury 
can be removed. Tho hydride contained in a 
nickel boat is then placed* in the nickel-lined 
tubo, heated in a vacuum at 1200°, whereby 
tho hydride is completely decomposed and the 
volatilised barium is condensed on a polished 
steel tube cooled by circulating water placed 
inside whoro the vapours ore being liberated. 
The metal so obtained assayed 99-5 p.o. barium 
and was free from hydrogen. 

A very convenient laboratory. method for 
preparing small quantities of barium, also due 
to Guntz, is to heat barium oxide with one-tenth 
its weight of metallic aluminium at 1200° in a 
vacuum. The metal condenses in the cooler 
part of the tube and assays as much as 98’8 p.c. 
barium. 

Matignon (Compt. rend. 156, 1378) has 
obtained barium by heating the oxide (3 mols.) 
with silicon (1 atom.) in a vacuum, in a steel 
tube, at 1200°. The metal distils off and con¬ 
denses in the cooler part of the tube, the reaction 
being— 

3BaO -f Si=BaSiO* 2Ba—37 cals. 

The silicon can be replaced by feiro-silicon con¬ 
taining 95 p.c. silicon. 

The preparation of the metal by electrolysis 
of the fused oxide or chloride does not appear to 
be attended with laccess; sub-salts are formed, 



540 BAB 

and the current passes without further action 
(Z.’Electroch. 9, 2W). 

Properties .—Barium when absolutely pure 
is a silver-white metal with a density'of 3'78. 
It is slightly harder than lead. It melts at 
about 850° and commences to volatilise at 950°. 
Barium oxidises rapidly in air, yielding princi¬ 
pally the monoxide; the powder easily takes 
tire spontaneously. Guntz states that molten 
barium attacked all tho metals he tried, iron 
and nickel being the most resistant. Barium 
decomposes water and alcohol in the cold, yield¬ 
ing in the lattor case? barium ethoxide. 

Oxides of barium, Throe oxides of barium 
arc known—barium suboxide Ba a O, barium 
oxide or baryta BaO, and barium peroxide 
Ba() s . 

Barium suboxide Ba a O is obtained, according 
to Guntz (Compt. rend. J43, 339), by heating 
tho protoxide with magnesium or barium to a 
temperature of 1100°. it is a black mass which 
decomposes water. 

Barium oxide, protoxide, monoxide, or 
baryta, BaO, is the oxide formed when the metal 
bums in air. It is more leadily obtained by 
heating (1) the nitrate or (2) the carbonate of 
barium. , . 

(1) Barium nitrate heated progressively, 
fuses, then decomposes with tho liberation of 
nitric fumes and much frothing leaving a porous 
mass of barium oxide. 

(2) The carbonate may also bo converted into 
barium oxide by exposing it to the strongest heat 
of a forge fire; but the last traces of carbonic 
acid are only expelled with difficulty. However, 
at an ordinary white heat, this may bo accom¬ 
plished by mixing the carbonate with one-tenth 
of its weight of lampblack or charcoal and 
making into a thiclfcpaste with oil or tar, carbonio 
oxide being evolved, thus : 

BaCO 3 +0=BaO+2CO. 

The mixture should bo heated in an earthen 
crucible lined with lampblack and fitted with 
a tight covor; on the large scale witherite is 
thuH converted into baryta for use in separating 
orystallised sugar from molasses. In a second 
baryta-manufacturing process a mixture of the 
carbonates of barium and calcium is ignited in 
a current of aqueous vapour. 

(3) On the small scale, bgrvta may bo easily 
obtained by heating barium iodato, which readily 
gives up all its iodine, together with five-sixths 
of its oxygen, without fusing or frothing: 

Ba(I0 8 ) s =Ba0-}-I 2 0 6 . 

Barium oxide as prepared by the above 
methods is generally a greyish-white friable 
mass of specific gravity 4-7-5-5. Briigclmann 
(Annalen, [2] 4,277), by heating barium nitrate in 
a porcelain flask, obtained minute crystals of 
BaO belonging to the regular system, of sp.gr. 
5 *722, He found later that by heating the 
oxide in a clay or graphite crucible he obtained 
needles belonging to the hexagonal system 
sp.gr. 5-32, but if heated in a platinum crucible 
toe oxide is obtained in cubio forms, sp.gr. 
5*74. It is therefore dimorphous (Zeitach. 
anal. Chem. 29, 127). It is only just melted 
even by v the 'heat of the oxyhydrogen blow¬ 
pipe ; tfut in the eleotric furnace it may be 
readily liquefied and volatilised. The liquid 
on cooling yields a crystalline mass (Moiasan, 


Ann. Chim. Phvs. [7] 4, 139); it is a non- 
oondretor of electricity, but in presence of 
mercury may be electrolysed into Darium and 
oxygen. BaO is strongly alkaline, caustic, and 
poisonous. Fluorintf attacks it in the cold, 
liberating oxygen, the mass becoming incandes¬ 
cent. Dry ohlorine has little or no action on the 
perfectly anhydrous baryta. It is deoxidised 
by potassium at a red heat, and slakes with 
water, forming barium hydrate Ba(0H) s with 
such energy that the whole mass beoomes 
incandescent provided tho amount of water 
be not too large. It rapidly absorbs moisture 
from tho air. It unites with methyl and ethyl 
alcohols, forming tho compounds Ba0,2CH 4 0 
and BaO,2C 2 H fl O. Heated in the vapour of 
carbon disulphide, it forms barium carbonate 
and barium sulphide: 

3BaO+CS 2 =BaCO s -J-2BaS. 

It dissolves readily in dilute nitric and hydro¬ 
chloric acids, but with most other acids forms 
insoluble salts. Whon vapour of sulphuric an¬ 
hydride is passed over it, heated to low redness 
in a glass tube, formation of barium sulphate 
BaS0 4 occurs with incandescence. 

Barium peroxide or dioxide B»0 2 is formed 
when anhydrous baryta is heated to a dull red 
heat in a stream of oxygen or of air freed from 
carbonic acid. Barium hydroxide may besimilarly 
converted into the peroxide, but less readijy, as 
it fuses below tho temperature of absorption of 
oxygen; but the absorption may be rendered 
rapid by mixing the hydroxide with lime or 
magnesia which prevents fusion and keeps the 
mass porous. Peroxide of barium may also be 
obtained by sprinkling red-hot baryta with four 
times its weight of powdered potassium chlorate 
in successive small portions; the potassium 
chloride simultaneously formed may be washed 
out with water, leaving the peroxide in the form 
of a hydrate. 

The peroxide obtained by these means is not 
pure, being contaminated with a little uncon¬ 
verted barium oxide, iron, silica, and other sub¬ 
stances denvovl from the preparing vessels. In 
order to purify it the finely pow dered crude pro¬ 
duct is gradually added to an excess of dilute 
hydrochloric acid, avoiding any considerable rise 
of temperature ; the crude substance dissolves, 
forming barium chloride and peroxide of hydro¬ 
gen. The “solution is filtered from insoluble 
matters and treated with baryta w r ater until the 
silica and ferric oxide, together with a little 
hydrated barium peroxide, regenerated by action 
of the peroxide of hydrogen upon the barium 
hydroxide, are precipitated. The liquid is again 
filtered and then supersaturated with baryta. 
By this means tho .whole of the peroxide of 
hydrogen regenerates barium peroxide, which is 
precipitated in minute prisms or laminae of tho 
hydrate Ba0 2 ,8H 2 0, in which condition the per¬ 
oxide is best preserved, and is a suitable form for 
use in the preparation of peroxide of hydrogen. 
On drying at 130° or at ordinary temperatures in 
vacuo it is converted into pure anhydrous barium 
peroxide. • ’ 

The preparation of barium peroxide in the 
wet way always yields the octohydrate when 
more than on< molecule of baryta is present per 
molecule of H 8 0,. Above 60° it is formed, what* 
ever tho composition of the solution. Below 4G° 
the di-peroxyhydrate BaO|42H l O a is obtained 
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from solutions containing much H.O,. A 
compound Ba0 8 ,H,0 2 may be obtained between 
30° and 60° (Zeitsoh. Anorg. Chem. 89, 406). 

Barium peroxide is a grey, impalpable powder, 
•» slightly mbre fusible than the monoxide. The 
temperature of di&ociation depends upon the 
pressure. According to Le Ch atelier (Compt. 
rend. 115, 654), the liguree are as follows :— 

Temp. C.° 520 655 650 670 720 735 750 775 785 790 
Press, mm. 20 25 65 80 210 260 340 510 620 670 

These pressures vary according to the degree of 
decomposition being highest, at the commence¬ 
ment of the operation. Brin’s method of 
preparing oxygen depends upon the above 
physical factors. The spongy protoxide of 
barium prepared as indicated above is placed in 
thin beds in iron retorts heated by special 
furnaces. The temperature is maintained as 
constant as possible between 500° and 600°. 
Air which has been freed from moisture and 
carbon dioxide by passing first over quicklime 
and then over caustic sodr? is forced by «pumps 
through the retorts whereby the Bat) is con¬ 
verted to BaU 2 . The residual nitrogen is 
allowed to escape into the atmosphere. When 
the peroxidation is complete a set of valves 
places the retorts in connection with the exhaust 
pumps, the reduction of pressure causing libera¬ 
tion of oxygen. The first portions arc allowed 
to escape until the pressure measures 05 cm. 
mercury, another set of valves then conies into 
play and automatically connects the retorts 
with the gasometer. The, oxygen obtained is 
97 to 98 p.p. pure. Barium peroxide is used 
in the preparation of hydrogen peroxide or 
dissolved in accidulated water as a bleaching 
agent. 

Peroxide of barium is decomposed by sul¬ 
phuretted hydrogen at ordinary temperatures, 
and when heated in a current of carbonio oxide 
it becomes white hot. It becomes incandescent 
when heated in sulphur dioxide. When treated 
with Btrong sulphuric acid at a temperature 
exceeding 70°, oxygen is given off; at lower 
temperatures the oxygen is mixed with ozone. 
When the peroxide is mixed with acidulated 
water in presence of oxide of silver, peroxide 
of manganese, or peroxide of lead, oxygen 
is evolved both from the peroxide of barium and 
from the other oxide. A small quality of a 
silver oompound is capable of decomposing a 
large quantity of barium peroxide, but iodine 
decomposes an exactly equivalent quantity: 

* Ba0 2 -}-I 2 =BaI s +0 2 . 

The amount of active oxygen in Ba0 2 may 
be determined by adding a knowm quantity of 
the peroxide to pure hydrochloric acid, then 
potassium iodide free from iodate together with 
excess of bicarbonate of soda, and titrating tbe 
liberated iodine with a standard solution of 
sodium thiosulphate. It may also be estimated 
by titrating an acidulated solution with standard 
potassium permanganate (Bertrand, Bull. Soc. 
chira. f2] 33, 148). 

Bari ium hydroxide, Hydrate of Baryta , or 
Caustic Baryta Ba(OlA) 2 orBaOH s O, is formed, 
with great evolution of heat, when water is 
added to anhydrous baryta (barium oxide): 

BaO+H a 0=Ba (OH)*. 

A hot concentrated solution of equivalent 
quantities of barium nitrate and sodium or po- ! 
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tasaium hydroxide deposit*, on cooling, crystals 
of barium hydroxide. Soda if usually employed, 
of sp.gr. I *10-1 *15, and the crystals obtained are 
freed fro* mother liquor by draining, or better, 
by moanB of a centrifugal machine. 

Commercial caustio baryta is prepared on 
the large scale by igniting the native sulphate 
oi heavy spar with coal or oharcoal, “whereby an 
impure barium sulphide is obtained, and heating 
this is earthenware retorts into which a ourrent 
of moist carbonic acid is passed, thus converting 
it into carbonate: 

BaS-fC0 2 +H 2 0=BaC0 3 +H 2 8. 
Superheated steam is then passed over the 
heated carbonate, when the following decom¬ 
position takes place :— 

BaC0 4 +H 2 0=Ba(0H) 2 +C0 2 . > 

According to R. Heintz (Chem. Zeit. 1901, 
199), only the carbonate is used to any extent. 
The calcination is conducted in specially con¬ 
structed furnaces lined with basic material 
and hcatod with producer gas. The product 
contains 95 p.c. BaO. The same author reviews 
the methods that have been suggested for the 
manufacture of baryta from barytes, and con¬ 
siders them too costly for the production of a 
cheap coinmcremr oxide. • 

Marino ((Jazz, ehirn. ital. 43, 410) has shown 
that the reduction of barium sulphate to sulphide 
is effected by reducing gases, especially water gas, 
more readily than with the use of coal, the reduc¬ 
tion occurring at f>25°-540°. In practice 
()00°-02f>° is used, and a yield of 95-98 p.c. was 
obtained m an experimental furnace. Baryta 
is then prepared by the electrolysis of a solution 
of barium sulphide by Brochet and Kansome’s 
process, a diaphragm of iiigh resistance being 
employed in all cases. The best results are 
obtained with copper electrodes and a solution 
containing 20 p.c. of BaS, The barium hydrate 
at. the anode increases as long as the concentra¬ 
tion does not fall below 5 p.c., and in concen¬ 
trated soiutions, at 70°-80° amounts, after 
24 hours, to 13 grms. per litre. Formation is 
due to interaction of hydijixyl ions with the 
BaS. 

Caustic baryta crystallises from water in 
large, transparent, colourless, quadratic prisms 
capped by pyramids. The crystals Ba(0H) s , 
8H a O are isomorplious with the corresponding 
strontium compound. They dissolve in 20 parts 
of water at 15°, and in 2 parts of boiling water. 
The aqueous solution known as baryta water is 
highly caustic and of strong alkaline reaction, 
rapidly ’becoming covered with a film of car¬ 
bonate owing to absorption of atmospheric car¬ 
bonio acid; hence it 13 frequently used in the 
determination of the amount of carbonio acid 
contained in the air. On exposure to air the 
crystals fall to a white powder, with loss of 
seven molecules of water. Do Forcrand (Compt. 
rend. 103, 59) isolated the hydrate Ba(OH) fl ,U f O 
by allowing the compound BaO ,2CHjO+2HjO 
to evaporate over sulphuric acid in vacw. 
H. Leseceur (Compt. rend. 96, 3578) shows that 
at 100° Ba(OH) i ,H J 0 has a tension of dissocia¬ 
tion of 45 mm., and that this hydrate is com¬ 
pletely converted to Ba(OH) s whep heated to 
100° in vacuo. Lescoour also proves that the 
dissociation tension of Ba(0H) 2 ,8H 2 0 is 218 
mm. at 76°, so tha$ at this temperature all three 
hydrates of BaO tnay exist simultaneously. 
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Ba(OH)*, when heated alone, is only reduced 
to baryta above a fed heat; if not heated above 
redness,'it re-forms, od oooling, a crystalline 
mass of Ba(OH)j, but when heated in' a current 
of air it takes up oxygen and is converted into 
eroxidQ of barium with loss of water; when 
eated in a current of carbonio acid it also loses 
water and Is converted into barium carbonate: 
Ba(0H) a +0=Ba0 2 -fH 2 0. 
Ba(0H)j4-C0 2 =BaC0 a -f H 2 0. 

Baryta has until recently been used in the 
processes of sugar-refining, inasmuch as it forms 
the compound C 12 H 22 O n BaO with cane-sugar, 
which, when treated with carbonic acid gas, is 
decomposed into insoluble barium carbonate and 
sugar, hence affording a means of separating the 
ure sugar from the molasses ; but as strontium 
ydrate acts in a similar manner, and is not 
pc^onous, it has been substituted for baryta in 
sugar-refining. 

Hydrated barium peroxide. Scbono has 
shown (Ber. 13, 803) that only one hydrate of 
BaO a exists, containing 8 molecules of water, 
BaO,,8HoO. This hydrate is precipitated in 
crystalline scales when peroxide of hydrogen is 
added to concentrated solutions of barium 
hydroxide. It is slightly solublo in cold water, but 
decomposes in boijmg water, forming Ba(OH) 2 
and evolving oxygen. 

Barium subchloride Bad is obtained (Gunfcz, 
Bull. Soc. chim. |3J 29, 490) when equal amounts 
of BaCl 2 and Ba are heated together in vacuo at 
860°. The fragments of BaCl., absorb the molten 
barium without change, and are microcrystalline. 
The material so obtained is not pure. It decom¬ 
poses water. By using Na, a definite compound 
NaCIBaCI can be obtained. BaCl appears to be 
formed when electrolysing fused IM’L. 

Barium chloride BaCl 2 . Crystallised (terra 
ponderosa salita) E/aCl 2 ,211 2 0. Barium chloride 
may be prepared either from withorite, the 
native carbonate, or from heavy-spar, the native 
sulphate. The witherite is dissolved in dilute 
hydrochloric acid and the solution allowed to 
stand some time in contact with excess of the 
carbonate, which is added to precipitate iron and 
other foreign metals present in tho mineral; 
the rapidity of precipitation is much increased 
by the addition of a little baryta water. The 
filtered liquid is then neutralised with hydro¬ 
chloric acid, and tho salt crystallised out and 
purified by recrystallisation. 

From the native sulphate barium chloride 
may be prepared in two ways: 

(1) By heating the sulphate in a crucible with 
powderecl coal and decomposing a filtered solu¬ 
tion in water of the barium sulphide formed with 
hydrochloric acid : BaS+2HCJ = BaCl 2 -f H 2 S. 

Excess of hydrochlorio acid is added, and 
the liquid boiled till free from sulphuretted 
hydrogen ; it is then filtered, coolod, and evapo¬ 
rated to the crystallising point. 

(2) By heating a mixture of 100 parts finely 
powdered heavy-spar, 40 parts of charcoal, 20 
parts of limestone, and 50 parts of calcium 
cblfiride to a red heat in a reverberatory furnace, 
by which barium chloride and calcium sulphide 
are formed. The maBS is lixiviated with water, 
when the fearium chloride is dissolved out, 
leaving’an insoluble calcium oxysulphide formed 
by the union of the sulphide with the oxide of 
calcium produced by ignitipn of the limestone. 


Commercial barium chloride generally con¬ 
tains, small quantities of strontium and calcium 
ohlondes, together with traces of the chlorides 
of iron, aluminium, copper, and lead. Washing 
the crystals with alcohol romoves both the 
strontium and oalcium chlorides, whilst caloium 
chloride may also bo removed by digesting with 
barium oarbonate suspended in water, when tho 
calcium chloride becomes converted to car¬ 
bonate, or more rapidly by adding baryta water 
and passing carbonic acid gas into the liquid. 
Digestion with barium carbonate also precipi¬ 
tates the sesquioxides of iron and alumina. 
Lead and copper may best be removed by the 
addition of a little barium sulphide. 

Barium chloride may bo recovered from 
mixtures of chlorides of the alkalis and alkaline 
earths by treating the concentrated liquor with 
a hot saturated solution of salt, when on cooling 
a mixture of barium and sodium chlorides 
crystallises out; by treating a cold saturated 
solution of this mixture with twice its volume of 
hydrochloric acid, barium chloride is precipitated 
(Ditigl. poly. J. 250, 91). 

Barium chloride crystallises from aqueous 
solution with two molocules of water BaCl 2 »2H a O 
in transparent, colourless, rhombic tables; 
sp.gr. 2 -66-3 -05. The crystals decrepitate 
when heated. They have an unpleasant, bitter, 
sharply saline taste, exciting nausea, and are 
very poisonous. 

One hundred parts of water at 0° dissolve 
32T>2 parts of anhydrous barium chloride, and 
0*2711 part for every degree above 0°; 100 
parts of water at 15-6° dissolves 43-5, and at 
105-5° 78 parts of the crystallised chloride. One 
part of crystallised barium chloride at 18-1° dis¬ 
solves in 2-257 parts of water to form a solution 
of 8p.gr. 1-28251 (Karsten). A solution satu¬ 
rated at 8° has a sp.gr. of 1 -270 (Anthon). 

Barium chloride is almost insoluble in strong 
hydrochloric acid, so that it is precipitated from 
its solutions by hydrochloric acid, and a few 
drops of the acid reduces the solubility consider¬ 
ably. Hot absolute alcohol dissolves only 
part of the crystals ; but according to Fresemus, 
1 part, of the salt dissolves in 8108 parts of 
alcohol of 99-3 p.c. at 14°, and in 4857 parts of 
tho samo alcohol at its boiling point. 

The crystals are not efflorescent, but give up 
the whoI% of their wator at 100°, leaving a 
white mass of the anhydrous salt, which melts 
at a red heat, forming a translucent mass on 
cooling; tho crystals are optically biaxial and 
positive. Specific gravity of the anhydrous 
chloride is given by Various observers as 3'70 to 
4 15. Hans Winter (Diss. Leipzig. 1913,1) gives 
the following constants, m.p. 958°, sp.gr. 3*789. 
When heated in a current of steam it evolves 
hydrochloric acid below its fusing point. 

Calcium and barium chlorides form the double 
salt CaCl a BaCl a (m.p. 631°), but no mixed 
crystals. Barium ana strontium chlorides form 
a complete series of regular (f$) mixed crystals, 
which on cooling are transformed to (a) crystals 
(monoclinic). The two series correspond with 
the a and fi forms of BaCl a , which coexist in 
equilibrium at 922°. The freezing-point curve 
shows a minimum at 847°, at which point 30 
mols. p.c. !BaCl a are present. The double 
chlorides 2KCl,8rCl l and SKCl/BaClg arq 
isomorphous and rhombic. 
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A concentrated solution of barium chloride is 
decomposed by sodium or potassium nitrate, 
forming barium nitrate and a chloride of the 
alkali-metal. With glycoool CH f (NH a )COOH 
it forms a crystalline compound, and also acts 
upon blood as a pnfventive of putrefaction and 
coagulation. 

Barium chloride is extensively used as a re¬ 
agent, especially for the detection and estimation 
of sulphuric acid, 11 is also used for the prepara¬ 
tion of artificial sulphate or ‘permanent, white,’ 
and for preventing the incrustation of steam 
boilers by decomposing the gypsum of hard 
waters. 

Barium oxychloride. Andrd (Compt. rend. 
93, 58) obtained an oxychloride of barium by 
adding 00 grams of Ba(OH), to 200 grams of 
crystallised barium chloride, and boiling the 
mixture with 500 grams of water, filtering, and 
allowing to cool, when nacreous lamellae, to 
which he ascribed the formula BaCJ a BaO,5H a O, 
separated out (Compt. rend. 98, 572). Beck¬ 
mann (J. pr. Chcm. [2] 27, 120) also obtained 
nacreous plates by similar means to which be 
gave the formula BaCl(()1T),2H a <). Those plateR 
lose |ths of their water at 120° and the remaining 
fifth at the fusing-point by prolonged heating 
in a stream of hydrogen. This oxychloride is 
readily decomposed by water or alcohol. 

Barium chlorite Ba(C10jfl a may be obtained 
absolutely free from chloride by the action of a 
mixture of chlorine dioxide and carbon dioxide 
free from chlorine on barium peroxide suspended 
in hydrogen peroxide. The decomposition of 
barium chlorite takes place according to the 
liquation— 

Ba(C10 a ) 2 =Ba01 a -|- 20 a -f 48T» cals. 

From this follows the equation— 
Ba+Cl a -f20 a =Ba(ClO a ) a (solid) + 148 cals. 

and 

Ba01 a -l 20 a =Ba(010 a ) a —48-6 cals. 

Ba(C10 t ) 2 f() a =Ba(010 s ) a +22*8 cals. 

Ba(C10,) a +O a -Ba(C10 4 ) a +30-2 cals. 
Consequently m compounds containing chlorine 
in different degrees of oxidation the formation is 
the less endothermic and the more exothermic 
the higher the degree of oxidation (Gazz. chim. 
ital 45,161). 

Barium chlorate Ba(C10 3 ) 2 . Dry Ba(OH) a 
does not absorb chlorine, but in jftvscnce of 
water it rapidly takes it up, forming first hypo¬ 
chlorite and chloride, the former of which breaks 
up into chlorate and chloride 

GBaO 1-601, — 5BaCl a -f Ba(C10 # ) a 
(Konigel-Wiosbcrg, Ber. 12, 346). 

A? it is difficult to separate from the chloride, 
the chlorate is best prepared by neutralising a 
solution of chloric acid with barium carbonate 
and evaporating to the crystallising point. It 
crystallises in colourless monoclinic prisms with 
1 moleoule of water, soluble in 4 parts of cold and 
less than 1 part of boiling water. 

Barium chlorate is ftlso slightly soluble in 
alcohol, and the aboholic solution bums with a 
green flame. • 

If strongly heated fused barium chlorate be 
plunged into a jar of coal gas, a brilliant com¬ 
bustion of the carbon and hydrogerfeontained in 
the coal gas occurs at the expense of the oxygen 
of the ohlorate. 


Barium pwchlorate Ba(CI0 4 ).,4H|0 is readily 
formed * by neutralising perchloric acid with 
barium hydrate or carbonate. It crystallises 
from the 5 solution in long deliquescent prisms 
very soluble in water. 

Barium bromide BaBr a . Crystallised 
BaBr.,2H a O. 

This salt is prepared by saturating baryta 
water or barium carbonate or sulphide with 
hydrobromio acid; or by decomposing the 
sulphide with free bromino, sulphur being pre¬ 
cipitated. 

The most convenient method iB to bring to¬ 
gether under water 12-5 parts of bromine and 
1 part of amorphous phosphorus, by which a 
solution of hydrobromic and phosphoric acids 
is formed, which is neutralised with barium car¬ 
bonate rendered alkaline by baryta water. The 
insoluble barium phosphate may then be filtered 
off and the bromide obtained by evaporation and 
crystallisation. 

Barium bromide is very soluble in water, and 
crystallises with difficulty; it is isomorphous 
with the chloride, but unlike the latter salt is 
soluble in strong alcohol. It loses one molecule 
of water at 75°, and the second at 120° (Beck¬ 
mann, J. pr. Chem. [2J 27, 126), m.p. of anhy¬ 
drous salt 847°. 

Barium oxybromides. Two oxybromides 
have been prepared by Beckmann ( l.c.) 

BaBr(0II),2H 2 0 resembles the correspond¬ 
ing oxychloride. BaBr(()H),3H a O was obtained 
by adding alcohol to mixed solutions of BaBr a 
and Ba(OH) a . 

Barium iodide BaT a . Anhydrous, sp.gr. 4*917, 
it forms several hydrates with 7,6,2,1 molecules 
of water. Barium iodide is formed when 
hydriodic acid gas is passed over baryta at a 
red heat, a violent action occurring attended 
with inoandescenoe. It. is generally prepared 
by mixing barium monosulphide with a saturated 
solution of iodine in alcohol as long at sulphur 
is precipitated; the filtrate is then boiled 
rapidly to near dryness, redissolved in a little 
water and again evaporated, this time to dry¬ 
ness, pieventing the access*of air as much at 
possible by performing the operation in a glass 
bolt-head. On redissolving the mass in hot 
wator and allowing to cool, slender needles 
separate out of the composition Bar a ,7H a O 
(Croft, Gazz. chim. ital. 1H56, 125; Thomsen, 
Ber. 10, 1343). 

These crystals are very deliquescent and 
readily soluble in alcohol. They lose 6 molecules 
of water at 125°, and the remainder at 150° 
(Beckmann, J. pr. Chem. [2] 27, 126). They 
decompose slowly at. ordinary temperatures, and 
quickly when warmed, giving off violet vapours 
of iodine. Commercial barium iodide crystal¬ 
lises at the ordinary temperature in large hexa¬ 
gonal prisms, apparently isomorphous with 
8nCl 2 ,ffH a O. They melt in their water of 
crystallisation at 25*7° (Centr. Min. 1918,103J. 

The double iodide of barium and mercury 
has a sp.gr. of 3*588 higher than that of Thouleo 
solution, and may be of use for petrograpUjcal 
purposes (Rohrbach, Jahrb. Min. 1883, 2, 
Mem. 186). 

Barium oxyiodlde. Beckmann (f. pr. Chem. 
[2] 27, 126) prepared an oxyiodide of bariufcj 
of the formula ^aI(OH),4H a O which crystallises 
in short thiok needle*. 
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Bortom lodate Ba^IO,), ia largely used for 
the preparation o( iodio acid, and is obtained as 
a white granular precipitate by adding potassium 
iodate to barium chloride. 

It is soluble in 3000 parts of cold and 600 
parts ol boiling water. It dissolves in hot nitric 
acid, and crystallises out on cooling in bright, 
glittering, 'monoclinic prisms isomorphous with 
the chlorate. Hydrochloric acid dissolves it 
with evolution of chlorine. 

Barium periodate. Bv passing iodine vapour 
in a current of dry air over heated oxide of 
barium a basic periodate of the formula Ba s I 2 0 12 
or Ba(I0 4 ) 9 *4Ba0 is formed. The same basic 
eriodate is formed when barium iodafe i« 
eated to a high temperature: 

*5Ba(I0 2 ) 2 -=Ba B l 2 0 12 -f 4I 2 +90 2 

or on heating barium iodide in a. current of air 
until no moijp iodine is given off: 

5BaI 2 -f60 2 =Ba 6 T 2 0 12 f 4I t . 

Hence Sugiura and Cross (J. Chetn. Soc. 1879, 
118) conclude that Ba s l 2 0 12 is the most stable 
combination of barium, iodine, and oxygen. 

Barium fluoride BaF t (m.p. 1289*), in ob¬ 
tained by neutralising hydrofluoric acid with 
bariufh 'hydroxide or recently precipitated 
carbonate; or by precipitating a solution of 
barium nitrate with sodium or potassium fluoride. 
It forms a wdiite, granular, crystalline powder, 
sparingly soluble in water, but readily soluble 
in nitric, hydrochloric, or hydrofluoric acids. 
It crystallises in the cubic system. 

It combines with fluorides of silicon and 
boron, forming the compounds BaF 2 '2SiF 4 
barium silicotluorido and BaF 2 , 2BF 8 . The 
former is procipitated by adding hydrofluosilieie 
acid to soluble barium Ralts as a crystalline 
precipitate totally insoluble in alcohol, and 
serves as a means of separating barium from 
strontium and calcium, which are not precipi¬ 
tated by hydrofluosilicic acid. 

Barium fluoride forms a crystalline compound 
with the chloride of barium BaCl 2 *BaF 2 when a 
solution of barium chloride is mixed with one of 
sodium or potassium fluoride ; this double com¬ 
pound is more stable than the fluoride itself, and 
remains as a granular mass on evaporation of 
the solution. The crystals are tetragonal in 
habit,* and optically negative, m.p. 1008°, 
sp.gr., 5*931. 

Barium carbide BaC a was first obtained by 
Maquenne (Ann. Ohim. Phys. (0) 28, 259) by 
heating a mixture of the carbonate and carbon 
with magnesium or by tho action of carbon on 
the amalgam 4n an atmosphere of hydrogen at 
a red heat. Moissan (Compt. rend. 118, 683) 
obtained it in a pure crystalline condition by 
heating a mixture of the carbonate or tho oxide 
with carbon in an electric furnace. Its specific 
gravity is 3*75, and it possesses properties 
siAilar to CaC 2 . but is more fusible. 

Barium carbonate BaCO s . The native car¬ 
bonate was first noticed to occur at Leadhills in 
Scotland, in 1783, by Withering, and hence 
received the name witherite. It is found in 
many places in England, specially fine crystals 
being met Hifch*at Fallowfield in Northumber¬ 
land: it is also found in Silesia, Hungary, 
Styria, Russia, South America. Witherite 
crystallises in the rhombic system isomorphous 


with aragonite. It occurs also in globular, 
tuberose, and botryoidal forms ; more frequently 
massive. Sp.gr. 4 29-4*35 ; hardness 3-3*76. 

Knop (Landw. VersuChs-Stat. 17, 65) found 
0*02 p.c. of barium carbonate in Nilo mud 
from Minioh and Aclimfn* and Dworzaok 
(Landw. Vcrsuchs-Stat. 17, 65) found baryta in 
the ash of tho wheat grown thereon. Alstonite 
(BaCa)0O # contains barium and calcium in 
varying proportions, and is isomorphous with 
wit hen tc. Harylo-raJnte BaC0 8 -j-Ca(J() 2 crys¬ 
tallises m the monoclinic system. 

Boeke (.lahrb. Mm. 9-10) shows by heating 
barium carbonate under pressure of earbon- 
dioxide, that it undergoes two reversible trans¬ 
formations. At 811° the \f/ form (witherite, 
orthorhombic and pseudo-hexagonal) passes 
to the $ form (hexagonal), and at 982° to the 
o form (cubic), m.p. about 1740°. The system 
barium carbonate-calcium carbonate (repre¬ 
sented by the minerals alstonite and baryto- 
caleitq) give iso-dimnrplious mixed crystals with 
a eutectic at 1139° and 52i mol. p.c. CaC() 2 . 

Up to 30 mol. p e. (’aCO a the orthorhombic 
alstonite is the stable form, but with more 
calcium carbonate, this is replaced by trigonal 
baryto-ealcite. Monoclinic baryto-calcite is not 
present in the fusions. 

Barium carbonate is rapidly formed when 
baryta, hydrated 6r anhydrous, is exposed to 
the atmosphere. When Ba() is heated in CO t 
it absorbs the gas, becoming incandescent; tho 
basic carbonate being formed (Raoult, Compt. 
rend. 92, 1, 110). 

It is readily prepared by precipitating 
aqueous solutions of the nitrate or chloride with 
ammonium carbonate, filtering, and washing 
with hot water; or by igniting a mixture of 10 
parts powdered heavy-spar, 2 parts charcoal, and • 
6 parts pearl ash (potassium carbonate). Potas¬ 
sium sulphide and barium carbonate are obtained 
and may bo separated by water. The impure 
carbonate thus produced may be used to prepare 
other salts of barium, but those salts will contain 
iron. 

Artificial barium carbonate is a dense soft 
white powder, poisonous, and hence used for 
destroying rats. Jt is very sparingly soluble in 
water, slightly soluble m water containing 
carbonic acid, owing to the formation of an acia 
carbonate*which is stable only in solution. It 
dissolves readily in ammonium chloride, nitrate, 
and succinate, and when boiled with ammonium 
chloride is totally decomposed, forming amraon- 
nium carbonate and barium chloride. 0 

The solubility of BaCO s in water has been 
determined by Missenberger (Zoitschr. phvsikal. 
Chem. 88, 257), and also in water containing 
small quantities of sodium hydroxide, which 
represses the hydrolysis and so furnishes a lower 
and more accurate value for the solubility. The 
minimum solubility is found in aqueous solutions 
containing 1 *25 x 10 —8 mols. of sodium hydroxide. 
The following values were obtained (1) for pure 
water at 13°, 1-62X10-*; 18°, l-72xlO-> ; 
22°, 1*83X10— 8 ; 27°, 1-96X10- 3 ; 33°, 2*14X * 
10— 8 ; 37°, 2'28xl0- 8 mols. per litre- and (2) 
true values calculated from experimental results 
in faintly alkaline solutions at 14°, 4*32 X10- 4 ; 
18°, 4-S7xl6-*; 23°, 4'89X 10-' ; 27°, o'22X 
10-'; 32°, 6'OOXlO-'; 38°, 0'27Xl0~' gm* 
mol. per litre. 
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It is not decomposed at a strong red heat, 
but at 1361° it fuses with loss of oarbon dioxide ; 
the tension of CO, emitted at 1100° is 20 m&.; 
at 1600° dissociation is complete. The decom¬ 
position is much more easily effected in presence 
of oarbon, being complete at 1450°. It is de¬ 
composed by steam at a red heat, and very 
easily if mixed with an equal weight of chalk or 
slaked lime. 

The artificial carbonate is of considerable 
use in chemical analysis. 

* .Barium nitride Ba,N,. Moquenne (Bull. 
Soc. chim. [3] 7, 308) obtained this compound by 
passing nitrogen into a tube containing a 25 p.c. 
amalgam at a red heat Guntz and Mentrel 
(ibid. (3) 29, 581) obtained it by heating barium 
ammonium at 430°. S® obtained it is a light 
porous material of a canary-yellow colour. It 
decomposes water in the cold, giving ammonia 
and Ba(OH) a . 

The pure nitride and hydride are readily 
obtained by heating the metal in the respective 
gases. When the mtride is heated in a current of 
hydrogen a compound having the formula 
Ba s N a H 4 is formed, but the product is impure 
since the compound reacts even at relatively low 
temperatures with hydrogen according to the 
equation 

Ba,N,H 4 -f-II,=3BaIf,-f N, 

When hydrogen is passed over the heated impure 
nitride ammonia is formed. Ball, winch is 
thereby produced is readily transformed back 
to the nitride by the action of nitrogen, so that 
a process is given for the fixation of nitrogen 
(Monalsh. 31, 1085). 

Barium ammonium is formed by the action 
of ammonia gas on barium or barium amalgam 
below 28° ; but it is best prepared by dissolving 
barium in dry liquid ammonia at —50°, when 
it forms a dark-blue oily liquid immiscible with 
the liquid ammonia. The compound is some¬ 
what indefinite, but a body having the formula 
Ba(NH,), appears to exist. 

Barium amide Ba(NH,), is obtained by 
heating barium ammonium to 00° or by passing 
ammonia over barium at 280° C. 

When a barium salt and excess of potassa- 
mide are allowed to interact in liquid ammonia 
solution a white insoluble precipitate of potassium 
ammonobariate BaNK,2NU„ or 
KNH,, ia produced. 'The strontium and 
calcium salts may be prepared in the same way 
(J. Amer. Chem. Soe. 37, 2295). 

% Barium nitrite Ba(KO,) a ,H,0 is prepared 
by heating the nitran. dissolving in water, and 
precipitating any baryta formed by passing a 
stream of carbon dioxide through the solution, 
adding alcohol to the filtrate to precipitate 
the unreduced nitrate, and evaporating to 
the crystallising point. Or by passing nitrous 
vapours into baryta water, evaporating to 
dryness, digesting in a small quantity of water 
(not sufficient to dissolve the nitrate) and crystal¬ 
lising. It is most readily prepared pure by 
adding barium chlorid j to a boding solution of 
silver nitrite, filtering oS the silver chloride, and 
evaporating. 

It is permanent in the air, readily soluble in 
water or alcohol, and crystallises in icolourless 
prisms, either needle-shaped or, according to 
Blather, thick short prisms of 71|°. 

Vo l. i.-r. 
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Barium nitrate Ba(NO,),. A native barium 
nitrate has been discovered inphile in the form 
of colourless octahedra, occasionally ttvinned 
like spinel fGroth, Jahrb. Min. 1883, 1, Ref. 14). 

Barium nitrate is prepared on the large scale 
either by dissolving the native carbonate 
(withento) or the crude sulphide in dilute nitric 
acid, or by mixing hot saturated solutions of 
barium chloride and sodium nitrate. On cool¬ 
ing, the larger portion of the barium nitrate 
crystallises out, and the evaporation of the 
mother liquors yields the remaining portion. 

Barium nitrate crystallises in lustrous, colour¬ 
less, regular octahedra, frequently modified 
by faces of the cube, of sp.gr. 3 2. The crystals 
arc permanent in the air, decrepitating when 
heated, and melting at 595'53° (Carnelley £97°). 
At a red heat the salt decomposes, evolving 
oxygen, nitrogen, and nitrogen peroxide, and 
leaving a residue of pure baryta. It detonates 
slightly with combustible bodies, and decomposes 
with a yellowish light when thrown upon the 
fire. It is largely used in pyrotechny for giving 
green-coloured lights, especially for the prepara¬ 
tion of green fire ; and for tin; manufacture of 
sax tfrag in, an explosive mixture of 76 parts of 
barium nitrate, 2 parts of nitre, and 22 parts 
of charcoal. * 

It dissolves m water, producing a slight 
depression of temperature; 100 parts of water 
dissolve 5 2 parts of barium nitiate at 0°, 9*2 at 
20°, 17*1 at 50°, and 32*2 at 100°. It is less 
soluble in dilute nitric acid; hence a second 
crop of crystals may be obtained from cooled 
saturated solutions on addition of a little nitric 
acid. 11 is quite insoluble in concentrated nitric 
acid and in alcohol. 

Hirzel (Zeitscb. f. Pharin. 1854, 49) obtained 
a hydiate Ba(NO # ) a ,2H a O from a solution cooled 
below 12°. Berry (Chem. Ne\w, 44, 190), by 
saturating the same water with barium and 
strontium nitrates, introducing a crystal of 
Sr(NO a ) a ,4H a O, and evaporating over sulphuric 
acid m vacuo, obtained crystals containing 17 p.c. 
of a hydrated barium nitrate isomorphous with 
the strontium compound. Oi* account of the 
great electro affinity of nitnon (nitrate ion), the 
formation of double nitrates is found to occur 
in few cases, and with one exception (the double 
nitrate of barium and potassium) are formed only 
when one of the metals has a valency greater 
than 2. The unexpected formation of the double 
nitrate of potassium and barium was first 
observed by VVallbridge (Amcr. Chem. J. 30, 
154), whose analysis showed it to be anhydrous 
and to have the formula 2KN0 8 ,Ba(N0 8 ) a . 
Foote showed (Amer. Chem. J. 32, 251) that the 
double salt can form at 25° under a moderately 
wide range of conditions, as, for example, from 
solutions containing 15 to 27 p.c. KNO a , and 
from 6 to 2 p.c. Ba(N0 8 ) a . The salt cannot bo 
recrystallised. Only one well-defined basic 
nitrate BujNjO? is known, and this forms several 
hydrates. 

Barium monosulphide BaS is obtained in a 
pure state by passing sulphuretted hydrogen 
over heated baryta as long as water is formed/ 
Veley (Chem. Soc. TranB. 1886, 369) prepared 
pure crystals of the hydrate of barium hydroxide 
Ba(OH) 1 ,8H l O, and heated them at 80° in a 
current of hydrogen until they attained the 
constant composition # Ba(0H)„H,0, when a 

2m 
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Btream of sulphuretted hydrogen was passed 
over them, yielding pure BaS and watpr: 

Ba(0H) a ,H a 0+H a S=BaS+3IJ a 0 

It may also be prepared by passing carbon 
disulphide over red-hot baryta, or by reducing 
powdered barium sulphate in a Btream of 
hydrogen. ‘ 

On the manufacturing scale it is prepared by 
roasting 100 parts of heavy-spar with 20 parts of 
coal Black or charcoal. If charcoal is used, a 
thorough mixture must be effected, as the 
reaction is otherwise very imperfect, owing to the 
non-fusibility of the mass. If the slack of 
bituminous coal is used, the 4 caking ’ supplies a 
carbonaceous material winch readily permeates 
the m^vss and ensures complete reduction. The 
admixture of resin, oil, or sawdust is also advan¬ 
tageous, and the asphalt of gasworks is a 
capital reduping material, as the hydrogen con¬ 
tained ill it prevents the formation of poly¬ 
sulphides of barium. The mass thus obtained 
contains excess of carbon and some undecom* 
posed sulphate, but the barium sulphide may be 
extracted by treating with hot water. 

Another method is to heat a mixture of 190 
parts heavy-spar, 200 of common salt, and 1«> 
parts charcoal powder in a reverberatory furnace, 
the ealt being added to assist fusion. 

Barium sulphide forms a white mass of 
hepatic odour and alkaline taste, soluble in water, 
for mi ng a mixture of hydrate and sulphydruto : 

2BaS-|-2H a O=Ba(SH) a f-Ba(OH) a 

When exposed to the air it becomes converted 
into carbonate with evolution of sulphuretted 
hydrogen, owing to absorption of moisture and 
carbonic acid. When heated to redness m pie* 
sonce of uqueous vapour, it is converted into 
barium sulphate with elimination of hydrogen. 
It is decomposed by hydrochloric and nitric 
acids with formation of the chloride and nitrate 
and elimination of sulphuretted hydrogen. 
Chlorine, bromine, and iodine decompose it wth 
formation of chloride, bromide, and iodide, and 
deposition of sulphur. 

The phosphorescent material known as 
* Bolognian phosphorus ' is a sulphide of barium 
obtained by heating 5 parts of precipitated 
barium sulphate with 1 part, of powdered char¬ 
coal over a gas flame for half an hour, and then 
heating for ten minutes over the blowpipe; it 
must be sealed up while still hot in glass tubes. 
After exposure to the sun’s rays, or to any light 
rich in ultra-violet rays such as that emitted by 
burning, magnesium wire or the electric arc, it 
phosphoresces in the dark with a brilliant 
orange-coloured light. Sulphides of barium, 
strontium, and calcium are now manufactured 
for the preparation of luminous paints which are 
used for coating clock-faces, match-boxes, &e 
Their surfaces are protected from moisture by a 
thin coating of varnish. Good Bolognian stones 
are obtained (J. pr. (’hem. ii. 82, 193) from a 
mixture of strontium carbonate (20 grams), 
sulphur (3 grams), lithium carbonate (0'5 gram), 
tferium nitrate (1 c.c. ot 0‘5 p.c. alcoholic 
solution), or barium carbonate may be sub¬ 
stituted f«r strontium carbonate and (0 3 gram) 
rubidium carbonate instead of thorium nitrate. 
The phosphorescence is more intense if one hall 
of the alkaline earth carbonate is replaced by the 


corresponding hydroxide. Stones exceeding any 
others previously made in the intensity and 
duration of 4he phosphorescence have been 
prepared by the ignition for $ hour in a Bossier 
furnace of the following mixture : calcium oxide 
(10 grams), strontium carbonate (10 grains), 
barium carbonate (10 grams), magnesium oxide 
(10 grams), sulphur (f> grams), potassium sul¬ 
phate (J gram), sodium sulphate (1 gram), 
lithium carbonate (2 grapis), starch (2 grams), 
bismuth nitrate (2 c.c. of 0*6 p.c. solution), and 
thallium sulphate (2 c.c. of 0’5 p.c. solution). 
The stones exhibit a pale blue phosphorescence. 
When the ignition is prolonged to two hours the 
phosphorescence is very intense and greenish- 
yellow. After three hours’ ignition the stones are 
no longer luminous. The finest green phos¬ 
phorescence is produced by ignition for £ hour 
of the following mixture: calcium oxide 
(10 grams), strontium oxide (10 grams), sulphur 
(3 grams), potassium sulphate (0'5 gram), 
sodium sulphate (QT> gram), lithium carbonate 
(1 gram), starch (1 gram), bismuth nitrate (1 c.c.), 
rubidium nitrate (1 c.c. 0*5 p.c. solution). 
Barium sulphide is now largely used in the manu¬ 
facture of lithophone by adding it dissolved in 
water to a solution of zinc sulphate. Mutual 
precipitation takes place, and the white powder 
lormed, consisting of zinc sulphide and barium 
sulphate, is used a; a rubber tiller and pigment. 

When a solution of 5 parts of banum sul¬ 
phide is boiled with 1 part of sulphur, and the 
solution evaporated over sulphuric acid t n 
vacuo , colourless six-sided transparent tables of 
BaS,CH a O are deposited, which are decomposed 
by a small quantity of water, forming barium 
hydrosulphide winch dissolves, and barium 
hydroxide which remains behind. 

Barium hydrosulphJde Ba(»SH) a is formed by 
saturating a warm solution of barium hydroxide 
or sulphide with sulphuretted hydrogen, evapo¬ 
rating apart from the air and cooling, when 
crystals of baryta and yellow prisms separate 
oiit. The mother liquor is mixed with alcohol, 
filtered from the sulphur and barium thio¬ 
sulphate formed, and cooled to —10°, when 
colourless transparent four sided prisms are 
obtained. The crystals contain water, which 
they lose on heating, becoming white. Exposure 
to air decomposes the crystals, with efflorescence, 
into barijnn thiosulphate and sulphate. Heated 
in a retort, they lose their water of crystallisation 
without fusing, evolving sulphuretted hydrogen 
as the* temperature approaches, redness, and 
leaving a yellow mass of barium monoBulphide*» 
which becomes white on cooling. It is insolublo 
in alcohol. 

Veley (Chem. Soc. Trans. 1886, 369) finds that 
the composition of crystals of barium sulphydrate 
is Ba(SH) a ,4H a O. 

Barium trisulphide BaS a is formed as a 
greenish-yellow mass when 2 parts of barium 
sulphide are fused with 1 part of sulphur, the ex- 
coss of sulphur being distilled off below 360°. ^ It 
melts at 400° with loss of sulphur and formation 
of a black liquid.. On boiling for some time with 
water it dissolves to a red liquid which deposits 
on cooling crystals of the hydrated mono- and 
tetrasulphidea of barium. 

Barlumstetrasulphlde BaS 4 . When 7 parte of 
barium sulphide are boiled in water with 4 part* 
of sulphur, pale-red rhombic prisms are deposited; 
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It is not decomposed at a strong red heat, 
but at 1361° it fuses with loss of oarbon dioxide ; 
the tension of CO, emitted at 1100° is 20 m&.; 
at 1600° dissociation is complete. The decom¬ 
position is much more easily effected in presence 
of oarbon, being complete at 1450°. It is de¬ 
composed by steam at a red heat, and very 
easily if mixed with an equal weight of chalk or 
slaked lime. 

The artificial carbonate is of considerable 
use in chemical analysis. 

* .Barium nitride Ba,N,. Moquenne (Bull. 
Soc. chim. [3] 7, 308) obtained this compound by 
passing nitrogen into a tube containing a 25 p.c. 
amalgam at a red heat Guntz and Mentrel 
(ibid. (3) 29, 581) obtained it by heating barium 
ammonium at 430°. S® obtained it is a light 
porous material of a canary-yellow colour. It 
decomposes water in the cold, giving ammonia 
and Ba(OH) a . 

The pure nitride and hydride are readily 
obtained by heating the metal in the respective 
gases. When the mtride is heated in a current of 
hydrogen a compound having the formula 
Ba s N a H 4 is formed, but the product is impure 
since the compound reacts even at relatively low 
temperatures with hydrogen according to the 
equation 

Ba,N,H 4 -f-II,=3BaIf,-f N, 

When hydrogen is passed over the heated impure 
nitride ammonia is formed. Ball, winch is 
thereby produced is readily transformed back 
to the nitride by the action of nitrogen, so that 
a process is given for the fixation of nitrogen 
(Monalsh. 31, 1085). 

Barium ammonium is formed by the action 
of ammonia gas on barium or barium amalgam 
below 28° ; but it is best prepared by dissolving 
barium in dry liquid ammonia at —50°, when 
it forms a dark-blue oily liquid immiscible with 
the liquid ammonia. The compound is some¬ 
what indefinite, but a body having the formula 
Ba(NH,), appears to exist. 

Barium amide Ba(NH,), is obtained by 
heating barium ammonium to 00° or by passing 
ammonia over barium at 280° C. 

When a barium salt and excess of potassa- 
mide are allowed to interact in liquid ammonia 
solution a white insoluble precipitate of potassium 
ammonobariate BaNK,2NU„ or 
KNH,, ia produced. 'The strontium and 
calcium salts may be prepared in the same way 
(J. Amer. Chem. Soe. 37, 2295). 

% Barium nitrite Ba(KO,) a ,H,0 is prepared 
by heating the nitran. dissolving in water, and 
precipitating any baryta formed by passing a 
stream of carbon dioxide through the solution, 
adding alcohol to the filtrate to precipitate 
the unreduced nitrate, and evaporating to 
the crystallising point. Or by passing nitrous 
vapours into baryta water, evaporating to 
dryness, digesting in a small quantity of water 
(not sufficient to dissolve the nitrate) and crystal¬ 
lising. It is most readily prepared pure by 
adding barium chlorid j to a boding solution of 
silver nitrite, filtering oS the silver chloride, and 
evaporating. 

It is permanent in the air, readily soluble in 
water or alcohol, and crystallises in icolourless 
prisms, either needle-shaped or, according to 
Blather, thick short prisms of 71|°. 
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Barium nitrate Ba(NO,),. A native barium 
nitrate has been discovered inphile in the form 
of colourless octahedra, occasionally ttvinned 
like spinel fGroth, Jahrb. Min. 1883, 1, Ref. 14). 

Barium nitrate is prepared on the large scale 
either by dissolving the native carbonate 
(withento) or the crude sulphide in dilute nitric 
acid, or by mixing hot saturated solutions of 
barium chloride and sodium nitrate. On cool¬ 
ing, the larger portion of the barium nitrate 
crystallises out, and the evaporation of the 
mother liquors yields the remaining portion. 

Barium nitrate crystallises in lustrous, colour¬ 
less, regular octahedra, frequently modified 
by faces of the cube, of sp.gr. 3 2. The crystals 
arc permanent in the air, decrepitating when 
heated, and melting at 595'53° (Carnelley £97°). 
At a red heat the salt decomposes, evolving 
oxygen, nitrogen, and nitrogen peroxide, and 
leaving a residue of pure baryta. It detonates 
slightly with combustible bodies, and decomposes 
with a yellowish light when thrown upon the 
fire. It is largely used in pyrotechny for giving 
green-coloured lights, especially for the prepara¬ 
tion of green fire ; and for tin; manufacture of 
sax tfrag in, an explosive mixture of 76 parts of 
barium nitrate, 2 parts of nitre, and 22 parts 
of charcoal. * 

It dissolves m water, producing a slight 
depression of temperature; 100 parts of water 
dissolve 5 2 parts of barium nitiate at 0°, 9*2 at 
20°, 17*1 at 50°, and 32*2 at 100°. It is less 
soluble in dilute nitric acid; hence a second 
crop of crystals may be obtained from cooled 
saturated solutions on addition of a little nitric 
acid. 11 is quite insoluble in concentrated nitric 
acid and in alcohol. 

Hirzel (Zeitscb. f. Pharin. 1854, 49) obtained 
a hydiate Ba(NO # ) a ,2H a O from a solution cooled 
below 12°. Berry (Chem. Ne\w, 44, 190), by 
saturating the same water with barium and 
strontium nitrates, introducing a crystal of 
Sr(NO a ) a ,4H a O, and evaporating over sulphuric 
acid m vacuo, obtained crystals containing 17 p.c. 
of a hydrated barium nitrate isomorphous with 
the strontium compound. Oi* account of the 
great electro affinity of nitnon (nitrate ion), the 
formation of double nitrates is found to occur 
in few cases, and with one exception (the double 
nitrate of barium and potassium) are formed only 
when one of the metals has a valency greater 
than 2. The unexpected formation of the double 
nitrate of potassium and barium was first 
observed by VVallbridge (Amcr. Chem. J. 30, 
154), whose analysis showed it to be anhydrous 
and to have the formula 2KN0 8 ,Ba(N0 8 ) a . 
Foote showed (Amer. Chem. J. 32, 251) that the 
double salt can form at 25° under a moderately 
wide range of conditions, as, for example, from 
solutions containing 15 to 27 p.c. KNO a , and 
from 6 to 2 p.c. Ba(N0 8 ) a . The salt cannot bo 
recrystallised. Only one well-defined basic 
nitrate BujNjO? is known, and this forms several 
hydrates. 

Barium monosulphide BaS is obtained in a 
pure state by passing sulphuretted hydrogen 
over heated baryta as long as water is formed/ 
Veley (Chem. Soc. TranB. 1886, 369) prepared 
pure crystals of the hydrate of barium hydroxide 
Ba(OH) 1 ,8H l O, and heated them at 80° in a 
current of hydrogen until they attained the 
constant composition # Ba(0H)„H,0, when a 

2m 
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2H a 0. According to S6narmont and Ram- 
melsberg, the crystals are rhombic. According to 
V. Lang (Site. B. [2j 45,27), they aro monoclinic. 

The crystals are soluble in 4 partof water 
at 18° and in 1-1 parts at 100°. When the 
dry salt* is heated, it breaks up into sulphur 
dioxide and barium sulphate. The same de- 
eomposition oocurs on boiling with hydrochloric 
acid, but the solution of the ditkionate itself in 
water may be boiled without decomposition. 

A tetrahydrate BaS 2 0 6 ,4ii 2 0 may also be 
obtained by spontaneous evaporation in distinct 
shining monoclinic crystals, which effloresce on 
exposure to air. 

Barium thiosulphate 

BaS 2 0 8 ,H 2 0 or BaH 2 (S0 2 ) 2 
is obtained as a white crystalline precipitate 
wjien the sodium salt Na 2 S 2 0 3 is added to barium 
acetate; it loses its water of crystallisation at 
215°. The anhydrous salt, when heatod to red¬ 
ness, gives off sulphur and leaves a residue of 
barium sulphide, sulphite, and sulphate : 

6BaS 2 0 3 =BaS+2BaS0 3 +3BaS0 4 H OS. 

Barium selenide BaSe is formed by heating 
barium selenite to fedness in a stream of hydro¬ 
gen. ' It is decomposed by wator into barium 
hydroxide and a higher solonide, which is decom¬ 
posed by acids with evolution of IJ 2 Se and 
precipitation of selenium. 

Barium selenate BaSe0 4 resembles the sul¬ 
phate in being insoluble in water, but differs 
from it in being decomposed by hydrochloric 
acid into selenite, which dissolves in the hydro¬ 
chloric acid. 

Barium chromate BaCY0 4 is precipitated as 
a yellow crystalline powder when potassium 
chromate or bichromate is added to the solution 
of a barium salt. The salt may be obtained in 
green rhombic crystals isomorphous with BaS0 4 
by heating two equivalents of BaCL with one 
equivalent of potassium chromate and one of 
sodium chromate, and allowing the mixture to 
cool; the chlorides may be boiled out with water, 
leaving the right rhombic prisms of BaCr0 4 , of 
sp.gr. 4-6. The) are insoluble in water, but 
are easily soluble in hydrochloric and nitric 
acids, and are decomposed by sulphurio acid into 
BaS0 4 and Cr0 3 (Bourgeois, Compt. rend. 88, 
382}. 

The precipitated chromate is used as a pig¬ 
ment under the name of ‘lemon yellow* or 
‘ yellow ultramarine.’ When strong sulphurio 
acid is added to the dry pigment, groat heat is 
developed, and it is coloured deep red irom 
liberation of Cr0 3 . If it be now ground in a 
mortar and heated to bright redness, the 
ebromio acid is reduced to chromic oxide, and a 
fine green pigment is obtained (Douglas, Ohera. 
News, 40, 59). 

Barium dichromate BaCr 2 0 7 is obtained by 
dissolving barium chromate in hot concentrated 
chromic acid. On cooling, red crystals of the 
composition BaCr 2 0 7 ,2H a 0 are deposited, which 
lose their water at 100°, and are decomposed by 
$4ter into the normal chromate end chromic 
anhydride (Preis and Rayman, Ber. 13, 340). 

Bariuift Z&anganate BaMn0 4 is formed when 
manganese dioxide is heated with barium oar- 
bonate or nitrate aa an emerald-green powder 
consisting of microsoopia four-sided prisms or 


six-sided plates, insoluble in water but decom¬ 
posed by acids. This salt is now used In place 
of the poisonous Schoele’s green. 

Barium permanganate BaMn,0 8 is prepared 
by passing carbon io acid gas through water 
containing barium mangartate in suspension; 
after filtering off the barium carbonate the red 
solution is rapidly evaporated. Or it may be 
obtained by the action of barium chloride on 
silver permanganate. 

Or potassium permanganate may be decom¬ 
posed by slight excess of hydrofluosilicic acid, 
the mixture kept cool, and, after separation of 
the precipitated potassium silicofb’oride, the 
supernatant solution decanted and saturated in 
the cold with barium hydroxide. After separation 
of the insoluble barium siheofluoride, tfie solution 
is evaporated until the barium permanganate 
separates out on cooling (Rousseau and Bruneau, 
Uompt. rend. 98, 229). 

It forms large orthorhombic octahedra, deep- 
red aiyi almost black, with a violet reflection.* 

It is used for the preparation of permanganic 
acid and of the ammonium salt. 

Rousseau and Saglier (Compt. rond. 99, 139) 
find that on heating two grams of barium man- 
ganate with ten grams of barium chloride for 
four hours to 1500°, and extracting with water 
and dilute acid, a residue of small opaque 
bluish-black crystals of barium manganite 
BaMn0 3 remains; sp.gr. 5’85; readily soluble in 
hydrochloric acid with evolution of chlorine. 
The manganite is also formed when mixtures of 
manganeso chloride and barium oxychloride are 
heated below 1000° or above 1100°. Between 
those temperatuies tho product is barium di* 
manganite Ba0*2Mn0 2 , winch crystallises in 
brilliant black lamella. At 1500° the manganite 
is reconverted to manganatc. 

Barium phosphide Ba 3 P 2 . When vapour of 
phosphorus is passed over red-hot baryta, a 
brownish-red mixture of barium phosphide and 
phosphate is obtained commonly known as 
1 phosphuret of baryta.’ It is decomposed by 
w'ater, forming a solution of hypophosphite of 
barium and evolving a mixture of free hydrogen 
and spontaneously inflammable phosphoretted 
hydrogen. 

Jaboin (Compt. rend. 129, 762) prepared the 
phosphide by heating 100 parts of barium 
phosphate with 16 parts of lamp black in an 
electrio furnace. The product so obtained has 
a crystalline structure. It decomposes water, 
yielding PH a and Ba(OH) 2 . 

Barium monometaphosphate is obtained at? 
a white powder by evaporating a solution of 
barium carbonate in excess of metaphosphoric 
acid and heating the residue to 316°. Its 
formula is not known with certainty. 

Barium dimetaphosphate Ba(PO a ).,2H s O is 
formed as a crystalline sparingly soluble precipi¬ 
tate when barium chloride is added to a solution 
of the corresponding ammonium or sodium salt. 

Barium trimetaphosphate Ba s P e O i» 6H 2 0, 
apparently a polymeric form of the last salt, is 
produced when a solution’of 1 part of the corre¬ 
sponding sodium salt in 10 to 15 parts of water 
is mixed with a nearly saturated solution of 
3 parts barium chloride. On standing, the 
salt separates in monoclinio prisms, which give 
off two-thirds of their water at 100°, and the 
rest at & higher temperature. 
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Barium hexametaphosphato is obtained as 
a gelatinous precipitate by precipitating the cor¬ 
responding Bodium salt with barium chloricfe. 

Monobarium orthophosphate BaH 4 (P0 4 ) 2 is 

prepared by evaporating a solution of the di- or 
tri-barium salt in aqueous phosphoric acid. It 
forms colourless crystals—triclinic according to 
Erlenmeyer, with acid reaction ; soluble without 
decomposition in a small quantity of water, but 
decomposed by excess of water into free phos¬ 
phoric acid And the neutral salt. 

Joly (Compt. rend. 98, 1274) states that as 
the total weight of salt brought m contact with 
the same quantity of water increases in arithme¬ 
tical progression, the weight which is dissolved 
without decomposition decreases in geometrical 
progression ; but as soon as half the original salt 
has been decomposed a diacid salt is formed 
B&0-2P206+0*1120, the proportion of which 
increases as the acidity of the liquid increases, 
and eventually exists alone m solution. . 

Dlbarium orthophosphate Ba 2 H 2 (PO rf ) 2 or 
BalIP0 4 is obtained as a white, scaly, crystalline 
precipitate when hydrogen disodium phosphate 
is added to a neutral solution of a barium salt.. 
It is soluble in 20,570 parts of water at 20°, 
somewhat more soluble in water containing 
barium or sodium chloride or ammoniacal salts. 
From the solution in nitric or hydrochloric acid 
excess of ammonia precipitates the tribarium 
salt or a -salt intermediate between the two. 
Thus, according to Wackenroder, a solution of 
BaIIP0 4 iu nitrio acid yields, on addition of 
ammonia, a precipitate of barium phosphato- 
nitrate 4BaHP0 4 -Ba(N0 3 ) 2 , which leaves, on 
heating, a mixture of di- and tri-barium phos¬ 
phates. 

By precipitating a solution of dibarium phos¬ 
phate with alcohol, a salt intermediate between 
the mono- and di-salts is obtained : 

BaH 4 (P0 4 ) 2 *2BaHP0 4 ,3II 2 0. 

If a mixture of potassium silicate and baryta 
water is boiled, and afterwards mixed with a 
solution of potassium silicate containing a quan¬ 
tity of potassium phosphate, oti cooling, cubical 
crystals of the composition BaKP 0 4 ,10H 2 0 
jeparatc out. BaNaPO 4 ,10TT 2 O was similarly 
obtained in regular tetrahedrons (De Sohulten, 
Compt. rend. 96, 706). 

Tjibarlum orthophosphate, or neutral phos¬ 
phate of barium, Ba 3 (P0 4 ) 2 -H 2 0 is prepared by 
idding hydrogen disodium phosphate to a solu¬ 
tion of barium chloride rendered strongly alkaline 
by ammonia, and separates as a heavy granular 
powder. It parts with a portion only of its 
water at 200°. 

If a saturated solution of tribarium phos¬ 
phate in hydrochloric acid is evaporated, on 
cooling, crystals of barium chloride are do- 
posited, more and more monobarium phosphate 
being left in solution, and if more hydrochloric 
acid is added, all the barium may be crystallised 
out as barium chloride, and pure phosphoric 
acid remains. 

If the solutim of tribarium phosphate in 
hydrochloric acid is boiled, shining needles form 
in the liquid, and on adding sufficient water to 
redissolve them, well-defined crystals of a phos- 
phato-chloride 4BaH 4 (P0 4 ) it -BaCl 2 %ro deposited 
on standing (Erlenmeyer, 1 1857, 147). 

According to Ludwig, a solution of dibariura 


phosphate in hydrochloric acid also yields, on 
addition of ammonia,,a phosnhato-chloride con¬ 
taining 3Ba 5 H 2 P 4 0 I8 *BaCl 3 *3H 2 0. 

A salt*intermediate between the di- and tri¬ 
phosphates, containing Ba,(P0 4 ),*2BaHP0 4 or 
Ba 5 H 2 P 4 0i„, is formed when a solution of the 
dibanum phosphate in hydrochlorio acid is 
mixed with a quantity of ammonia jiftt sufficient 
to precipitate it. 

Barium pyrophosphate Ba 2 P 2 O r Pyro- 

phosphoric acid does not precipitate barium 
salts, but with baryta water gives a precipitate 
of barium pyrophosphate. Barium salts, how¬ 
ever, give with sodium pyrophosphate a white 
amorphous precipitate of barium pyrophosphate, 
solublo in aqueous pyrophosphoric and sulphur- 
[ ous acids ; more soluble m hydrochloric or nitrio 
I acid, but not perceptibly soluble in water con- 
' taining ammonium chloride or in acetic acid. # 

Monobarium arsenate BaH 4 (As0 4 ) 3 is ob- 
j tained by adding baryta water to aqueous arsenic 
jacid until a precipitate begins to form, or by dis- 
I solving the dibarium salt in aqueous arsenio 
acid and leaving the solution to crystallise. 

Dibarium arsenate 

2BaHA80 4 ,H 2 0 or«BaHAs0 4 ,H 2 0 
according to Berzelius, iB obtained when » solu¬ 
tion of the disodium salt is added to excess of 
barium chloride. It gives up its water at a red 
heat, and in contact with water is decomposed 
into the tribarium salt, which is precipitated, 
and the monobarium salt, which dissolves, 
j Tribarium arsenate Ba 3 (As0 4 ) a is obtained as 
la white sparingly soluble powder by precipitating 
aqueous arsenic acid with baryta water, or better, 

| by gradually dropping trisodium arsenate into 
barium chloride. 

Barium ortho thioarsenate Ba 8 (AsS 4 ) t is 

obtained together with Ba(AsS 8 ) 8 by the action 
of hydrogen sulphide on a sohftion of BaHA80 4 . 
The barium thioarsenate is precipitated by 
adding alcohol Arsenic pentasulphide pre¬ 
pared by the action of a rapid stream of hydrogen 
sulphide on a solution of arsenic acid and hydro¬ 
chloric acid, reacts with a freshly prepared 
solution of Ba(SH) a according to the equation 
3Ba(SH ) a 4 As a S B - Ba 8 As 9 S 8 -j-3H t S 
After evaporation transparent yellow needleB 
of Ba 8 As 9 S 8 ,6H 2 0 .separate (Zeitseh. anorg. 
('hem 70,86). A solution reacts with potassium 
chloride yielding potassium barium ortho- 
thioarsenate BaKAsS 4 ,0H 8 (), which may also 
be prepared direct by adding KOI to a solution 
' of Ba(SH) 8 saturated with As 8 S 8 . 

Barium silicate. Solutions ot baryta, when 
kept in glass bottles for any length of time, 
' deposit transparent rhombio crystals of the 
; composition BaSi() 8 ,7H 2 0. These crystals lose 
their water a little above 100°, and become 
turquoise-blue : they are decomposed by boiling 
water (Le Chatelier, Compt. rend. 92, 931); 
Cossa and Lavalle (Zeitsch. f. Chem. 11, 399). 
i According to Lc Chatelier, they may be readily 
obtained in a few days, by suspending calcined 
'silica in baryta water, when the sides beijgjne 
covered with crystals. 

Barium dlsilicate BaSi 2 0 B has been prepared 
synthetically. It crystallises in#the ortho- 
j rhombic system. The colourless six-sided plates 
which form in optical glass rich in barium 
j have been identified ^with this compound. 
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Barium tltanate. When equivalent quan¬ 
tities of .titanic anhydride and barium c&rbonate 
are fused at a bright red heat for an .hour with 
excess of barium chloride, and the product 
extracted with very dilute hydrochloric acid, a 
residue of yellow microscopic crystals resembling 
cubes and pctahedra of the composition 
2BaO-3TIO a 

and of sp.gr. 5-91 remains undissolved. These 
crystals are found on examination by polarised 
light to consist of aggregations of rhombic 
Iamellsev 

Reactions of the compounds of barium. 

When heated on a thin platinum wire in tho 
inner blowpipe flame, or when brought into any 
non-luijninous flame, barium c ompounds impart a 
yellowish-green colour to the outer flame. When 
vjpwed through the spectroscope two green lines 
Baa and Baj3 como out most intensely; Ba-y, 
though not so marked, is also a characteristic 
line. Besides these, there are numerous lines 
in the red and yellow and one broad indis¬ 
tinct line in the blue, close to Fraunhofer’s F. 
Bunsen found that Ti ^j of a milligram of barium 
salt may be detected spoctroscopically. Silicates 
of barium give this reaction on moistening with 
strong hydrochloric acid. 

The hydrate, sulphide, chlorido, bromide, 
iodide, nitrate, and many organic Balts of barium 
are soluble in water, and all are poisonous. The 
majority of the remaining salts are soluble in 
hydrochloric and nitric acids, whilst the sulphate 
and silieofluoride are insoluble in all acids. 

Alkaline carbonates precipitate white barium 
carbonate, soluble in most acids, hence ammo¬ 
nium oarbonate is used to precipitate it (along 
with tho carbonates of strontium and calcium) 
in qualitative analysis. 

Potassium and sodium hydroxides.froe from 
carbonates and sulphates, give a voluminous 
precipitate of barium hydroxiijo Ba(0H) s with 
concentrated solutions soluble in more water. 
Ammonia gives no precipitate. 

Sulphuric acid, as well as all soluble buI- 
phates, throws down barium sulphate from all 
solutions of barium salts. Pickering (Chem. 
News, 4G, 223) states that the smallest quantity 
of barium which can be detected is 1 part in 
833,000 parts of water. Tho presence of an 
alkaline citrate greatly interferes with the 
precipitation. Strontium sulphate (which is 
more soluble) forms a delicate testjor barium. 

Phosphate, arsenate, borate, and iodate of 
sodium also give precipitates soluble in acids. 

Ammonium oxalate gives, from moderately 
dilute solutions, a white pulverulent precipitate 
of barium oxalate. 

Potassium chromato precipitates bright 
lemon-yellow barium chromate, soluble in nitric, 
hydrochloric or chromic acid, insoluble in 
dilute acetic acid 

Hydrofluosilicic acid gives a colourless crys¬ 
talline precipitate of barium silieofluoride ; this 
reactipn will detect 1 part of the chloride in 
stop parts water. The precipitate is nearly in¬ 
soluble in nitric and hydrochloric acids, more' 
insoluble in alcohol. 

Bkriura 1 is readily distinguished from lead 
which also forms a sulphate insoluble in water) by 
he fact that sulphuretted hydrogen gives a black 
precipitate of lead sulphide .with soluble lead salts. 


Soluble barium salts are at once distinguished 
fronj those of strontium and calcium by the fact 
that they are immediately precipitated by a 
solution of calcium sulphate, which only gives 
a precipitate with strontium salts on standing. 
The hydrofluosilicic acid 'reaction is also of 
use in separating barium from tho other 
two metals. Barium chloride is insoluble in 
alcohol, whilst the chlorides of strontium and 
calcium are soluble, and tho nitrates of barium 
and strontium are insoluble, in alcohol, whilst 
calcium nitrate is soluble. From these faots a 
scheme of separation is readily derived, the pre¬ 
cipitated carbonates of barium, strontium, and 
calcium being converted into chlorides, and the 
chlorides of strontium and calcium dissolved out 
by alcohol, leaving a residue of chloride of 
barium. The strontium and calcium may then 
be separated by converting their reprecipitated 
carbonates to nitrates and dissolving out the 
calcium nitrate (v . Analysis). 

Estimation of “barium. When no other 
alkaline metal is present, barium may be esti¬ 
mated as sulphate. A solution of tho chlorides 
slightly acidified with hydrochlorio acid is best. 
Sulphurio acid is added cautiously to tho hot 
solution in slight excess. The precipitate is 
allowed to settle in a warm place for some hours 
before filtering. 

For preeautionS and effect of salts, see work 
of Karooglanow (Zeitsch. anal. Chem. or Abstrs. 
•J. Chem. Soc. for 1917). For details of volu¬ 
metric estimation of barium bv separation as 
chromate and titration of liberated iodine, on 
addition of KI to HC1 solution, see Analyst, 
•43, 287. 

In its organic salts barium may be estimated 
as carbonate by heating in a platinum crucible* 
and subsequent moistening of the residue with 
a concentrated solution of ammonium car¬ 
bonate, evaporation, gentle ignition, and weigh¬ 
ing. 

Where strontium and calcium are present, 
after the separation of the other elements, the 
alkaline earths are precipitated by ammonia and 
ammonium carbonate. This precipitate is then 
dissolved in acetic acid, and tho barium twice 
precipitated as chromate, in which form it may 
bo weighed or dissolved in hydrochloric acid, 
then precipitated, and weighed as sulphate. 

r G. 9t B. 

BARK BREAD. A kind of bread which was 
formerly made by the peasants in various parts 
of Norway from the innor bark of Pinus sylvestria 
(Linn.). • 

BARKLYITE v. Corundum. 

BARLEY. Two species are in oommon 
cultivation —Hordeum dislichum, two-rowed, 
and H. vulgare, six-rowed. Many varieties are 
known, differing in size and shape of ear and 
grain. The two-rowed varieties are chiefly 
grown as spring-sown crops, while the six-rowea 
varieties are often sown in the autumn. 

The grain resembles in composition that of 
other cereals, but contains less gluten than 
wheat; moreover, the gluten of barley is not 
so tenacious as that of Vheat: consequently, 
barley meal does not yield a satisfactory Dread. 

Barley is chiefly grown for cattle-feeding and 
for malt production. For the latter purpose, a 
grain containing but little nitrogenous matter is 
preferred, so that too lavish nitrogenous manur* 
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ing must be avoided in the production of malting ( 
barley. ; 

The following are analyses of typical average j 
barley as given by 1, Warington ; 2-5, Kellner 
(German); 6 , Wiley (of American barley). 

The table represents the composition of | 
barley expressed in the usual manner. The 
item ‘ nitrogenous substances * is simply the! 
total nitrogen X6*25. Of the total nitrogen, a 
small portion—probably about —is prosent in 
non-albuminoid form. 



1 ! 
Eng- 
1 lii»h 

2 

1 Med¬ 
ium 

3 ! 
Large 
gr’r.d 

4 

■Flat 

gr'ml 

5 

Feed¬ 

ing 

6 

Amer¬ 

ican 

Water . . 

14*3 

14*3 

14 3 

14*3 

14*3 

10*85 

Nitrogenous 

substances 

10*6 ‘ 

9*4 

8*7 

10*2 

12*0 

11*00 

Fat . . . 

2*1 

2*1 

1*8 

2*5 

2*4 

2 25 

Soluble carbo¬ 
hydrates . 

66*0 

07*8 

70*2 

63*7 1 

63*7 

69 55 

Fibre . . . 

4*5 

3 9 

2*7 

0*5 1 

60 j 

3*85 

Ash . . . 

2*5 

2*5 

23 

• 

2*8 

2*6 

• 

2*50 


According to Osborne (18th Ann. Rep. Conn. 
Expt. St.),the protckls in barley are: (1) Soluble : 
leucosine 0*30 p.e., hordcin 4*0 p.c., edostme 
and proteose 1-95 p.c.; [ 2) insoluble proteids 
4-50 p.c. The soluble proteids just mentioned j 
contain an average of 17*0 p.c. of nitrogen, so j 


that the factor to convert nitrogen Into proteids 
in barley should be much less ^ian 0*25, probably 
about 5 *7. Consequently, the amount of^proteids 
in barley Should be about 1 p.c. less and that of 
carbohydrates (since they are determined by 
difference) 1 p.c. more than the values given in 
the tables. 

Under the heading * soluble carbohydrates ’ 
are included : pentosans 6-5 p.c. (Bull. 13, U.S. 
Dept, of Agric. 1898); cane sugar 0*8—1 *6 p.o. 
(O’Sullivan, J. Chem. Soc. 1886, 49, 58); 1*3 p.c. 
(Banister, Chem. News, 1885, 298); 0-2 p.c. 
(Bull. 13,f.c.); small quantities of reducing sugars 
(O’Sullivan); dextrine and raflinose (O’Sullivan). 
The remainder is chiefly made up of starch and 
cellulose, though gum 2-8 p.c. (Muntz, Compt. 
rend. 102,681) and amylan 2-4 p.c. (O’Sullivan, 
J. Chem. Soe. 41, 24) have also been found. 

Barley contains diastase even before germina¬ 
tion (when its amount is enormously increas4&). 
Brown and Morris (J. Chem. Soc. 1890, 505) 
recognise two kinds of diastase—of secretion, as 
formed in germination, which rapidly corrodes 
sfcaich granules, and of displacement—present 
in" the ungerminated grain -which slowly 
diminishes the volume- of starch granules with 
out visibly corroding them 

The ash of barley, neglecting the CO 3 , has 
the average composition: 


— 

X 2 0 

Na 2 0 

» CaO 

MgO 

I'e 2 Oj 

lV>i 

SO. 

8 

Cl 

8 lO a 

2 Mean, 28 American samples 

24-15 

6*42 

2*44 

8*23 

0*33 

35-47 

0 22 

0*56 

22-30 

2 „ 19 Canadian „ 

2(1-70 

9-30 

4-27 

7-87 

0*35 

24*63 

0-71 

0-47 

20-09 

„ Wolff’s analyses 

20*15 

2*35 

2-00 

8 R 2 

0-97 

34*68 

1-89 

0-93 

27-84 


For a full yield of barley the soil must bo well 
supplied with plant food, including combined 
nitrogen, but such a crop, though excellent from 
the farmer’s point of view and valuable for 
feeding purpose s, is rarely suited to the maltster’s 
requirement. Good malting barley should be as 
rioh as possible in starch and low in albuminoids. 
Between 8 and 9 p.c. of nitrogenous matter is 
usually regarded as the most dosirablo propor¬ 
tion in malting barley. If grown in hot, dry 
countries, t.g. Southern Russia, it is usually 
richer in nitrogen. The best maltiig barleys 
are grown on light sails not too rich in nitrogen, 
and in temperate climates (t;. Brewing). 

Owing to the injurious effect of too lavish a 
•supply of nitrogen upon the malting properties 
of barley, it is by many considered best to take 
the barley crop after wheat, rather than after 
roots, though the latter procedure is often 
adopted in Ireland. 

Pearl barley is barley deprived of its husk. Ame¬ 
rican analyse? give as its average composition : 
Water, 10 8 p.c.; ‘protein, 9'3 p.c.; fat, 1*0 
p.c.; carbohydrates, 77*6 p.o.; ash, 1*3 p.c. 

According to Wolff’s analyses, the ash of the 
barley kernel amounts to 2*13 p.c., and 100 parts 
of the ash contain : 

KsO Na 2 0 CaO MgO Fe 2 0 8 PaO» SO 3 8 iO s 
2 $‘5 1-8 3-1 12-0 1*9 47 1 2 9 3*6 

Barley Straw is much more affected in com- 
1 Of which 10*2 p.c. are albuminoids* 

* Comroslte samples from the World’s Columbian 
Exposition (Wiley. Bull 13, U.S. Dept, of Agric.). 


position than the grain by the richness or poverty 
of the soil, and by the conditions under whioh it 
is grown. If the ripening of the grain has been 
fully completed, the straw is robbed of its nitro¬ 
genous matter and phosphates to a much greater 
extent than when the seed has not been fully 
matured. Thus t he straw oi a crop cut before it 
is fully ripe possesses much higher feeding value 
than usual. 

According to Kellner, the following repre¬ 
sents the average composition of barley straw :— 
Soluble 

Ether carbohy- * 

Water Protein extract drates Fibre Ash 
Summer barley 14-3 3*5 1*4 35-9 39'5 6*4 

Winter barley 14-3 3*2 1*4 33*5 42*0 5*0 

The ash of barley straw (Wolff) contains : 

KsO Na 2 0 CaO MgO Fe a Os P a 0 6 SOa SIOq Cl 

23*3 3-5 7*2 2*6 M 4-2 3*9 61 0 3*2 

Barley straw consists largely of cellulose, and 
pentosans and liguose. The amount of pento¬ 
sans has been estimated at about 25 p.c. The 
‘ crude protein ’ given in the above table is 
probably noarly all true.albuminoids, since direct 
experiments showed about 91 p.c. of the total 
nitrogen to be present as albuminoids. The 
lowest portions of the stems are least nutritious, 
while the uppermost leaves and top of the item 
are the most digestible and richest in protein. 

When barley precedes clover, a 14 is often the 
case in England, the barley straw is enriched by 
including a portion of young clover plants. 
Under such circumstances, the product is of 
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much higher feeding value, and contains more 
rotein (up to 0 or 7 p c.), and soluble carbo- 
ydrates (38 or 3b p.c.), and less crude fibre. 

BARRESWIL’S or FEHLING'S SOLUTION. 

It has, long been known that a mixture of 
verdigris, honey, and vinegar, when boiled 
together <to form an ointment, changes in 
colour from green to red. 

Vogel (Schweiggcr’s Journ. 13, 102) proved 
that the precipitate formed consisted of cuprous 
oxide, and later Buchner attempted to explain 
the part played by the sugar in the change. 
Trommer first used alkaline copper sulphate 
solution as a qualitative reagent for sugars, and 
succeeded in detecting one part of grape sugar 
in a million parts of water, and also m differ¬ 
entiating between different kinds of sugars 
(Annalen, 1841, 30, 300). 
c Alkaline copper solution was firet applied 
to volumetric analysis by Barreswil (J. l’harni. 
Chim. 1844, [3] 0, 301), who added potassium 
tartrate to the solution, and the method of 
titration was worked out by H. Fehling 
(Annalen, 1849, 72, JOG ; 1858, 100, 75). 

Various formulae have been suggested for 
the preparation of BarreswiTs solution by 
BodeKerr, Soxhlet, Meissl, Herzfeld, Allihn, 
Kjeldahl, &c. (Bruhns, Zeitseh. anal. Chem. 
1899, 38, 78). Indeed, more than fifty cupro- 
potassic solutions are known. They may be 
divided into four groups, in which potassium 
hydrogen tartrate, (2) potassium sodium tartrate, 
(3) potassium tartrate, and (4) tartaric acid are 
employed. That recommended Soxhlet is 
usually preferred, partly on account of its small 
alkali content. 

34*64 grams of pure crystallised copper 
sulphate, powdered and dried by pressure 
between filter jgiper, is dissolved in distilled 
water and diluted to 500 c c.; and 70 grams 
sodium hydroxide (of not less than 97 p c.) and 
180 grams of potassium sodium tartrate (Ro¬ 
chelle salt) are dissolved in 400 c.c. of distilled 
water and diluted to 500 c.c. Equal volumes of 
the two solutions are mixed to form the test, 
which should be kept in a carefully closed bottle 
to prevent absorption of carbon dioxide, and 
should not be unduly exposed to light. As the 
solution is liable to decomposition, a small 
portion should always be heated to boiling before 
commencing the teBt, and the liquid should not 
be used if any precipitation occurs. It is, how¬ 
ever, preferable to keep the two solutions 
separate until shortly before use (Zeitseh. anal. 
Chem. 1890, 29, GI5). 

The Rochelle salt used is best prepared by 
dissolving commercial cream of tartar in hot 
water, rendering the liquid slightly alkaline after 
boiling by addition of sodium carbonate, filter¬ 
ing off the precipitated calcium carbonate, and 
crystallising the Rochelle salt from the filtrate. 

Addition of small quantities of mineral acids 
to BarreswiTs solution by lessening its alkalinity 
effects its reduction, even when it is still alkaline 
to litmus. Often the action commences before 
tfR? liquid is warmed, reduction being completed 
by gentle heating. The reduction is attributed 
to the decomposing action of the mineral acid 
upon the tartaric acid (Jovitsclntsch. Ber. 1897, 
2431). Evidence of the negative character of 
the blue ion in BarreswiTs solution was first 


adduced by Kahlenberg (Zeiteoh. phvsikal 
Chem. 1895, 17, 586), and later by Kiiiter 
(Zeitseh. Elektrochem. 1897, 105) and Masson 
(Phil. Trans. 1899, 192, 331). 

Masson employed a solution as free as possible 
from alkali, and electrolysed it in conjunction 
with a solution of copper sulphate, the blue ions 
in the two solutions travelling in opposite 
directions along a tube containing a jelly solu¬ 
tion of potassium chloride. The presence of an 
invisible ion, probably tartaric ion, accompany¬ 
ing the negative blue ions, was demonstrated by 
the formation of a precipitate at the boundary 
of the positive blue ions, when the negative ions 
were still some way off. 

The constituent salt of the neutral BarreswiTs 
solution was isolated and analysed by Masson 
and Steele (Chem. Soc. Trans 1899, 75,725), who 
represented its formation from cupric tartrate 
thus: 

5Na0H+4CuC 4 H 4 0 6 

<• = Na a 0 4 H 4 0 # -f Na 8 Cj a H 7 Cu 4 0, 8 -| 5H a O 

They also obtained evidence that the excess of 
alkali in BarreswiTs solution, as usually made, is 
combined with the blue salt. 

F. Bulluheiraer and E. Seitz (Ber. 1899, 
2347; 1900, 817) showed that three classes of 
cupric tartrates exist; monotartrates, con¬ 
taining carboxylift and hydroxylic hydrogen, 
all roplaced by metal; double salts consisting of 
monotartrate, probably united through copper 
to a molecule of basic alkali tartrates; and a 
third class consisting of monotartrate combined 
witli basic cupric tartrate. 

The saltB in Barre«wiTs solution, from their 
general reactions, appear to belong to the second 
class, and compounds having the formulae * 
C R H 4 O ia CuNa a K a and C 8 H 4 0 lt CuNa 8 K have 
been isolated. 

The neutral cuprotartrate of Masson (he.) 
requires the addition of alkali in order to form 
the usual BarreswiTs solution with its character¬ 
istic colour. 

BarreswiTs solution is not reduced by cane 
sugar, dextrin, or cellulose, but is reduced by 
dextrose, hevulose, maltose, lactose, mannose, 
galactose, arabinose, gallisin, aldehyde, chloral, 
chloroform, valeraldehyde, resorcinol, pyro- 
gallol, gallotannic and trichloracetio acids, and by 
aisenions f acid. 

The action of these substances on the solution 
is doubtful. Among the products are formic, 
acetic, tartronic, and some acids of doubtful 
composition and a gum-like substance. Its us^r 
is almost restricted to the detection and estima- 
tion of reducing sugars. For the detection of 
sugars, the clear, acid-free liquid is heated with 
two volumes of BarreswiTs solution. If one of 
the above reducing compounds be present, a 
yellow precipitate of cuprous oxide, which 
rapidly becomes converted into the orange-red 
or bright red oxide, is produced. The com¬ 
position of the oxide whatever its colour may be 
is identical, the varying colour being due to 
differences of subdivision, .depending upon the 
conditions during precipitation. Microscopical 
examination shows that as the different colours 
are developed there is a gradual increase in the 
size of tltf particles (Fischer and Hooker, 
J. Lab. and Clin. Med. 1918, 3, 6). 

If the liquid to be tested is much coloured, 
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it must be first clarified, as described under 
Sacchaumtry. When the clarification has 
been performed with lead, an amount* ot the 
solution, containing a known weight (2 to 5 
grams) of glucose or other body, estimated, is 
placed in a 100 c.e. flask and is treated with 
sulphurous acid gas, or with a strong solution 
of that gas, until the whole of the.lead is pre 
cipitated, and, after the addition of a little 
freshly precipitated, washed alumina, is diluted 
to 100 c.c., agitated and filtered. 

Cane sugar, when estimated, is first clarified, 
if necessary, and then ‘ inverted ’— i.e. converted 
into a mixture of dextrose and lsevulose. For 
this purpose, a solution containing not more 
than 1 gram of sugar to 4 c.c. of solution is 
mixed with one-tenth its bulk of fuming hydro¬ 
chloric acid, and is heated to 70° for 10 to 15 
minutes, and finally neutralised by addition of 
sodium carbonate. 

. Starch and starchy bodies may also be con¬ 
verted into invert sugar* and estimated by 
Barreswil’s solution. Two or three strong flasks, 
each containing from one-half to one gram of the 
substance and 50 or 60 c.c. of deeinormal sul¬ 
phuric acid solution, are closed with caoutchouc 
corks carefully tied down, and are heated in a 
water-bath. After 4 hours, one flask is taken 
out and contents neutralised and titrated with 
Barreswil’s solution as henmfter described, and 
after a further interval of 2 hours the second is 
similarly examined. If the amount of sugar 
found in the second flask does not exceed that 
in the first, the result may be taken as correct; 
but if the quantities differ markedly, the third 
flask is heated a further period of from 2 to 
4 hours, and then titrated. Each 100 parts of 
invert sugar found represents 90 parts of starch. 

In titrating solutions of these substances, 
10 c.o. of Barreswil’s solution is measured into 
a wide test-tube and diluted to 40 c.c., and 
heated to boiling. The neutralised sugar solution, 
which should contain not more than one gram 
per 100 c.c., is then run in from a burette in 
portions of 2 c.c., the mixture being boiled after 
each addition until the blue colour has nearly 
disappeared. The sugar is then added cautiously 1 
until the liquid is colourless or slightly yellow, j 
A few drops of the filtered solution are tested 
for copper by sulphuretted hydrogen or by a 
mixture of potassium ferrocyanide ^nd acetic 
acid. 

The solution may bo standardised for invert 
sugar as follows : 4*75 grams of sucrose are dis- 
• solved in 76 o.c. water, and 6 c.c. of hydrochloric 
acid (sp.gr. 1 *188) added. The solution is warmed 
to 70° for about 7 minutes, making a total of 
10 minutes’ heating. After inversion, the acid is 
neutralised with sodium hydroxide, and the 
liquid diluted to 1 litre. 10 c.c. of this solution 
contains 0'050 gram of invert sugar, and 
should reduce 10 c.c. of the copper solution 
(see aim Borntrager, Zeitsch. angew. Chem. 
1893,600). 

Experience shows that the time occupied in 
the analysis, the amount of excess of copper 

f iresent in the solution, the concentration of the 
iquid, and other details, affect the result. 
Soxhlet (Pharm. J. [3] 1880-1, 11, 721) recom¬ 
mends adherence to the following process. 
Having approximately found the strength of 
the solution by running the sugar solution 


into 50 c.c. of Barreswil’s solution as above 
until the blue colour disappears, dilute it until 
containing about 1 gram per 100 c.c., and heat 
50 c.c. Barreswil’s solution with as muoh of 
the diluted solution as should precipitate all the 
oopper. When the sugar estimated is invert 
sugar, grape sugar, or lsevulose, the heating 
should occupy 2 minutes, while for /naltose and 
lactose 4 and 6 minutes respectively should be 
allowed. The whole fluid is then filtered and 
tested for copper. A third titration is next 
performed with a larger amount of the fluid, with 
1 c.c. less of sugar (according to the presence or 
absence of copper), and the titrations are re¬ 
peated with varying amounts of sugar solution, 
each time adding the whole of that solution at 
once, until 1 c.c. more or less would give a filtrate 
free from or containing a trace of copper, after 
which the variation in the amount of sugar 
solution is decreased. In this way, the volffme 
of sugar solution required may be determined to 
0-1 c.c. Under these conditions, 100 c.c. of the 
mixed copper reagent require 0*475 gram anhy¬ 
drous dextrose or 0*494 gram of invert sugar for 
complete reduction. The following may be 
taken as the weight of sugar capable of reducing 
10 c.c. of Barioswil’s solution:— 

gram 

Dextrose, laevulose, or invert sugar 0*0500 
Cane sugar (inverted) . . . 0*0475 

Milk sugar (lactose) , . . 0-0678 

Malt sugar (maltose) . . . 0*0807 

Soxhlet (be.), operating by his method as 
described above, has obtained the following 
results. (His method of 4 inverting * cane sugar 
has been somewhat objected to)— 

Weight of Sugar reducing 10 c.o. of 
Barreswil’s Solution. 





j •Diluted with 

— 

heating 

Un¬ 

diluted 

One 

Two 1 Three 1 

Four 


(mins ) 

vol. of 

vols ofivols.of vols.of 




water 

water j water 

water 

Dextrose 

Invert 

2 

0 0475 

0 04^5 

0 0488'0'0<92 

0 0404 

sugar 

2 

0 0494 

0-05030 

0 0509]0'0514 

0 0515 

Lfpvulose 

2 < 

K)0513 

0 05235 

0 0530 0 0536 

0 0526 

Lactose 

Lacto- 

glucose 

6 

0 0676 

Unatfected by dilution 

0 0676 

2 

0 0511 



0-0588 

Maltose 

3 to 4 

0 0778 


” 

0-0740 


The titration of raw sugars and other 
coloured commercial products is very unsatis¬ 
factory when potassium ferrocyanide is used as 
an indicator, mainly because the amino com¬ 
pounds present cause the solution of much cuprous 
oxide, whioh then gives a precipitate with 
potassium ferrocyanide. On this account, indi¬ 
cators have been proposed wfcich will show the 
presence of a trace of cupric salt without 
previous filtration, the best of these being 
ferrous thiocyanate (A. R. Ling, T. Rendle, and 
G. C. Jones/Analyst, 1905, 30, 182; 1908, 33, 
160-170), which gives the characteristic red 
colour of ferric thiocyanate when treatej^th 
cupric salt solution. The reagent is prepared 
by dissolving 1 gram of ferrous ammonium 
sulphate and 1*5 grams of amifconium thio¬ 
cyanate in 10 c.c. of warm water, adding 2*5 o.c. 
of cone, hydrochloric acid, and completely re¬ 
moving all trace of ferric salt by addition of zinc- 
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dust. The titration of the sugar solution is phuric acid, and the estimation of the ferrous 
carried out rauch t as usual, except that* it must salt so produced, by titration with a standard 
be done*as quickly as possible to avoid oxidation soluliOn of potassium permanganate or di¬ 
cing. J. Inst. Brewing, 1906, 12. No.* 1). chromate. 

A modification of Barreswil’s process, devised The cuprous oxide can also be weighed 
by Pavy, is based on the fact that precipitation directly after washing with alcohol and ether, 
of the cuprous oxide is prevented by the presence It may also be estimated as metallic copper after 
of excess of ammonia, the solution losing its reduction by hydrogen or as cupric oxide after 
intense blue colour and becoming absolutely ignition in porcelain. 

colourless after the whole of the copper has been For the influence of light on Barreswil’s 
reduced. solution, see Leighton (J. Phys. Chem. 1913,17, 

The solution used is prepared by mixing 205). 

120 c.c. of Barreswil's solution with 300 c.c. of BARUS CAMPHOR v. Camphors. 

ammonia (0*880 sp.gr.) and 400 c.c. of 12 p.c. BARUTIN. Trade name for the double salt 

caustic soda solution, and diluting to 1 litre, of theobromine barium and sodium salicylate; 
100 c.c. of this solution corresponds with 10 e e. a white amorphous powder of sweetish taste and 
of Barreswil’s solution. The larger quantity of alkaline reaction, sparingly soluble in water. 
Barreswil’s solution (120 c.c. instead of 100 c.c.) Used in the treatment of renal disease. V. 
used to prepare this test is required on account Synthetic drugs. 

oi the lower oxidising power of Pavy's solution, BARW00D. Barwood is the wood of a 
the action of which on invert sugar is only five- large, fine tree, Baphia nitida (Lodd.), and is 
sixths of that of Barreswil s solution. Its action imported from tlm west coast of Africa, e.g. 
on maltose and lactose also differs from that Sierra Leone, Angola, &c. In the log its physical 
of Barreswil’s solution. properties are generally similar to those of 

To prevent reoxidation of the decolourised sanderswood; in the rasped condition it has a 
solution, with reproduction of the blue colour, somewhat brighter red colour and is devoid of 
the operation should be performed without access aromatic odour. According to Girardin and 
of air, by connecting the burette supplying the Preisser, boiling water extracts about 7 p.c. of 
sugar solution with a tube passing through a colouring matter, alcohol about 23 p.c., and 
cork into the flask containing the Barreswil’s hydrated ether abftut 10 p.c. 
solution, the steam from which escapes through Anderson (Chem. Soc. Trans. 1870, ii. 582) 
another tube dipping beneath the surface of extracted ground barwood with anhydrous 
mercury. A'slow current of crtal gas may be methylated ether free from alcohol. By 
passed through the flask during the operation, spontaneous evaporation of the concentrated 
The sugar solution is run into the flask, in ethereal solution a small quantity of baphic arid 
which 100 c.c. of the copper solution has been is deposited m the form of tabular crystals, 
heated to ebullition, and the boiling is con- After further evaporation, mixing the coneen- 
tinued until the colour has disappeared. Hehner trated extract with alcohol, and allowing to 
(Analyst, 1881, 6 , 218) has shown that alkaline stand for some days, there is deposited a crystal- 
tartrates, carbonates, and other salts affect the line magma of haphiin contaminated with a solid 
results. red colouring matter and some dark viscous 

The method is most used in clinical chemistry, colouring matter not yet examined, 
particularly for urine analysis. It is also of After exhaustion with ether the. wood is 
great value in studying the saccharine products extracted with alcohol, and after concentrating 
of enzyme action, especially as it gives with the solution it is left at rest for some time, 
glucose a very much larger ‘ copper ’ value than when it congeals to a semi-crystal line mass 
with maltose (Croft Hill, Chem. Soc. Trans which contains a viscous red colouring matter 
1898, 73, 634). * and a crystalline constituent not examined. 

The most accurate method of using Ba plain, C 24 H 90 O s (m.p. about 200°), 
Barreswil’s solution, especially when the sugar crystallises from alcohol in the form of lustrous 
solution is unclarified, consists in separating and tabular crystals having an odour of orris root; 
estimating the precipitated cuprous oxide One from ether it crystallises in tufts of needles, 
of the many processes recommended is that of It is insoluble in water, and very sparingly 
Pavy. The Barreswil’s solution is boiled, in soluble in benzene or in carbon disulphide. In 
slight excess, with the sugar solution, the alcoholic solution it rapidly oxidises on exposures 
strength iff which should be about 1 p.c., and the to air, producing orange-red or pale purple 
precipitated suboxide is rapidly separated by colours. 

filtering the liquid through a funnel loosely Baphic acid C 24 H 2 a O B or C 24 H al O I0 is pre¬ 
packed at the nock tvith glass wool or asbestos, pared by boiling baphiin with dilute caustic 
The precipitate, after washing, is dissolved in hot potash, and adding hydrochloric acid, when 
dilute nitric acid, or 2 c.c. cone, nitric acid, or a it is thrown down as a yellowish-white pre¬ 
mixture of dilute sulphuric and nitric acids, and cipitate. Crystallised from ether it forms 
the copper estimated by electro-deposition. The white nacreous scales, very soluble in ether, 
weight of copper obtained is multiplied by 0*5395 slightly loss so in alcohol, and insoluble in 
to obtain its equivalent in inverted rano sugar, water [rf. Santal). 

°ther factors, which may be calculated Baphinttin C 24 H 24 O t is-thrown down as a 
from the tables given above, to obtain the crystalline precipitate on the addition of water 
equivalent of any other sugar which may bo to the filtrate from the precipitate of lead 
estimated. • bap hate which is formed on mixing alooholio 

Brunner reoommends solution of the cuprous solutions of«baphiin and lead acetate. It is also 
oxide, filtered as above, in a solution of pure the chief product of the action of boiling dilute 
ferric chloride or sulphate.acidulated with sul- caustic potash on baphiin. Baphinitin fopUM 
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white needles, soluble in aloohol or in ether, but 
insoluble in water; it has the same odoijr as 
baphiin but stronger (e/. Pterocarpin). • 

Baphinitone C 28 H 28 0 8 .—On boiling baphiin 
with a strong aqueous solution of caustic potash 
without access of air, an insoluble residue is left 
which contains three substances : (1) baphinitin, 
moderately soluble in alcohol or ether; (2) 
baphinitone, very readily soluble in these 
liquids; (3) a small quantity of an unexamined 
substance, m.p. 104*1°, very sparingly soluble 
even in hot alcohol, and separating therefrom 
in granular crystals. Baphinitone is extracted 
from the above-mentioned residue insoluble in 
caustic potash, by treating it with cold alcohol, 
in which it readily dissolves along with a very 
small amount of baphinitin. The solution is 
evaporated, and the treatment with alcohol is 
repeated until tho crystals thus obtained, after 
drying over sulphuric acid, have a m.p. of about 
88°. Baphinitone crystallises from alcohol in 
hemispherical masses competed of white lustrous 
radiating crystals insoluble in water (cf. llomo- 
pterocarpin). 

Tribronw-baphinitonc 0 28 H 23 Br 3 O 8 is ob¬ 
tained by mixing ethereal solutions of baphim - 
tone and bromine ; on evaporating off the ether 
it remains as a white substance, which may be 
purified by washing with alcohol or ether, in 
which it is almost insoluble. • It separates from a 
hot ethereal solution in small granules, which 
melt with blackening at 180*2°. 

Baphiin, baphinitone, and substance (3) 
above referred to, aro all coloured orange- 
yellow by sulphuric acid ; with nitric acid an 
orange-red colour is obtained, which changes 
gradually to green. 

In addition to the abovo-mentioned sub¬ 
stances, barwood contains, according to 
Anderson, at least three colouring matters. 
Ether extracts from tho wood two of these; 
one (a) which is less soluble, and which tena¬ 
ciously adheres to the baphiin, and another (b) 
which is crystalline and is easily removed from 
it. When the extraction with ether is com¬ 
pleted, alcohol will dissolve out a third colouring 
matter (c). All are insoluble in benzene, and 
give purple lakes witli lead acetate, and purple 
solutions with alkalis. 

O'Neill and Perkin (lx.) worked up barwood 
by the same methods they had previoufly applied 
to sanderswood, and isolated a colouring matter, 
corresponding with the santalin of this latter, 
This, which consisted of a chocolate-red powder, 
• possessed the formula 0 22 H 18 O 5 (OCH 3 ) 2 , and 
on heating commenced to soften at 240°, 
apparently decomposing, and at 270° had the 
appearance of a honeycombed carbonaceous 
mass. Its colour reactions are the same as 
those given by santalin, and it thus appears 
probable that the two compounds are identical. 

When the crude colouring matter of barwood, 
dissolved in alcohol, is poured into ether the 
main bulk of the santalin is precipitated. The 
ethereal liquid now contains, in addition to a 
colouring matter resembling deoxysdntalin , tw r o 
crystalline substances identical with those 
previously stated by Wiedel (l.c.) as present 
m sanderswood. To isolate santal the ether 
solution is treated with hydrobretme acid to 
remove colouring matter, the colourless crystal¬ 
line residue remaining after evaporation is 


washed with benzene, and recrystallised first 
from dilute and subtsequenjjly from absolute 
alcohol • 

The analytical figures given by this compound 
agree with those obtained by Weidel, but 
mothoxy determinations show that its formula 
is to be represented as 0 15 H 9 O 6 (OCH # ), and not 
C 8 H e O*, as proposed by this author 

Santal, which seems to be very similar to 
Anderson’s baphic acid, melts at 222°-223°, 
is readily soluble in dilute alkali hydroxides,*and 
sparingly so in absolute alcohol from which it 
crystallises in thin plates or flat needles. With 
alcoholic lead acetate it gives a colourless pre¬ 
cipitate, and with alcoholic ferric chloride a 
violet-black colouration, although this, according 
to Weidel, is dark red. By the action of 
hydriodic acid santal is converted into santol, 
probably C, B H 10 O 8 , which consists of small 
colourless flat needles, m.p. 270°-273°. Its 
solution in dilute alkali hydroxide, at first 
colourless, rapidly develops a reddish-violet 
tint, and the liquid on acidification deposits 
yellow crystals. If tho acid mixture is boiled 
these become colourless, apparently with re¬ 
generation of santol, for when collected and 
washed the product can again be made to 
produce the same changes. Santol thus appears 
to contain a lactone group. The hydrobromic 
acid liquid obtained during the isolation of the 
santal, was diluted with water, the precipitated 
colouring matter dissolved in a little ethyl 
acetate, the solution being allowed to evaporate 
spontaneously. Minute crystals were slowly 
deposited, and these were collected and digested 
with absolute alcohol to remove santal. This 
compound, evidently Weidel’s substance 
Ci 8 Hi 2 0 4 , and termed bv O’Neill and Per¬ 
kin mntalone, is sparingly soluble in most 
organic solvents, and crystallises from alcohol 
in small red leaflets. It is soluble in dilute 
alkalis with a red colour, whereas alcoholio 
ferric chloride colours it a violet tint. As 
obtained by these latter authors its complete 
purity was doubtful, but the purest preparation 
obtained darkened about £80° and melted at 
300°. Its true formula is probably either 
C 2a H 13 0 4 (0CH 3 ), or C 22 H, # O 4 (O0H 8 ) 3f and in 
case this is correct this compound has the com¬ 
position of a deoxy8antalin monomethyl ether with 
which its general properties are in harmony. 

Ryan and Fitzgerald {Proc. Roy. Irish 
Acad. 1913, 5, 106), employing the following 
method, have isolated homopterocarpin from 
barwood. The ground material was percolated 
for a few days with warm alcohol, then with 
ether,’and finally with chloroform. The residue 
obtained by evaporating these extracts was 
exhausted with ether, the ethereal solution 
washed with dilute alkali and then distilled. 
The product, when recrystallised from aloohol, 
formed colourless acicular crystals, m.p. 84°, 
and was identical with the baphinitone of 
Anderson and the homopterocarpin existing in 
sanderswood. 

A fuller recount of this compound, jjrich 
possesses the formula C 17 H 18 0 4 , is given u^lie 
article describing the latter dyewood. It is 
very probable, again, that the* baphinitin 
described by Anderson as existing in barwood is 
pterocarpin. A. G. P. 

BARYTA GREEty v. Barium. 
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BARYTES. Barite, or heavy -spar (from 
Bapts, heavy) ; a ^common mineral concisting of 
barium 4 sulphate (BaS0 4 ), and crystallising in 
the orthorhombic system. The naifie barytes 
is, however, sometimes loosely, but incorrectly, 
applied to include both this species and the 
mineral witherite (BaCO a , q.v.), or these are 
occasionally referred to as ‘ sulphate of barytes ’ 
and ‘ carbonate of barytes ’ respectively. The 
reason for this confusion is that the two minerals 
are'often mined together, although they are not 
always put to the same uses. 

Barytes is frequently to be found as well- 
developed crystals, which vary considerably in 
their appearance and habit. They possess a 
perfect cleavage parallel to the base, and per¬ 
pendicular to this are two prismatic cleavages 
parallel to the faces of the primitive rhombic 
prism, and inclined to one another at an angle 
or 78 0 221'. With these three directions of 
perfeot cleavage, massive barytes sometimes 
presents a certain resemblance to calcite, and 
its hardness is also about the same (H.=3). 
The angles between the cleavages are, however, 
different; and, further, barytes may be readily 
distinguished from calcite by its heaviness 
(sp.gr. 4*5), and from both calcite and witherite 
by riot effervescing with acid. The massive 
material is often white and opaque ; but crystals 
are sometimes transparent and colourless, or with 
brownish, greenish, or bluish shades of colour. 

Barytes is usually met with in veins, often 
in association with ores of lead. Rome of the 
old lead-mines of the north of England, Derby¬ 
shire and Shropshire are now being reworked 
for barytes. A remarkable vein of barytes, 
consisting of pure white massive material with a 
thickness varying from a few inches to 1 6 feet, is 
extensively worked in the coal-measures at New 
Brancepeth OoJ|icry, near Durham (L. J. 
Spencer, Mineralog. Mag. 1910, xv, 302). 
Beautiful crystallised specimens are abundant 
in the haematite-mines of west Cumberland, but, 
owing to the brown or yellow colour of this 
material, it is of no commercial value. A pure 
white granular barytes resembling marble in 
appearance is mint'd at Dunmanus Bay, in Co. 
Cork. Important deposits of the mineral are 
worked in the United States, Germany, Rhodesia, 
&c. Barytes occurs abundantly as a cementing 
material in Triassic sandstones in the Midlands 
of England (F. Clowes, 1889, 1899); and it has 
been recently suggested that this could be easily 
won by washing. 

Barytes is mainly used in the manufacture 
of paints, not only of white paint, but as an 
inert body in coloured paints. Lithophone 
paint consists largely of barium sulphate with 
zinc oxide and sulphide. It is often suggested 
that barytes is used for adulterating various 
articles. Barium sulpiride and carbonate are 
also prepared from barytes by roasting it with 
coal, and from the product, barium chlorido, 
barium hydroxide, &c., are prepared. In 
preparing the crude barytes for the market, it is 
coarsely crushed and hand-picked ; or when mixed 
with rock and dirt, these are separated by agita¬ 
tion (jigging) in water. Coloured impurities arc 
sometimes ^extracted by steam-boiling with 
«ilphuric acid. The purified material is kiln- 
dried and reduced to very fine white powder in a 
kaH-mtil provided with screens, or between mill¬ 


stones. The barytes flour so prepared still 
consists of minute crystalline (cleavage) particles, 
and^itt is this that gives the * tooth or adhesive 
properties to the coarser barytes paints. The 
finer qualities (‘ blanc fixe ’) are prepared from 
precipitated barium, sulphate ; and this is also 
used for dressing cloth and leather, and for 
producing the smooth coating on ‘ art ’ papers. 

References. —For details of British occur¬ 
rences, sec Special Reports on the Mineral 
Resources of Great Britain, vol. ii, Barytes and 
Witherite, Mem. Gcol. Survey, 2nd ed. 1916. 
For the United States, and a general account 
with bibliography, see Mineral Resources of the 
United States, for 1915, U.S. Geol. Survey, 
1916; H. Ries, Economic Geology, New York* 
1916. L. J. S. 

BARYTIC WHITE or PERMANENT WHITE 
or BLANC FIXE v. Barium ; also Pigments. 

BARYTO CELESTITE r. Barium. 

BARYTOCALCITE, Barium and calcium 
carbonate, Ba(X) 3 'UaC0 3 , crystallising as pris¬ 
matic' and blade-shaped crystals in the mono- 
climc system. There are good cleavages in 
three directions (the basal plane and a prism), 
and curiously the angles between these are 
near to the angles between the three cleavages 
of calcite. The composition is the same as that 
of alstonite (q.v.), but whilst alstonite is an 
isomorphous mixture of barium and calcium 
carbonates, barytoealcite is a double salt. The 
mineral is white or colourless, and has a vitreous 
lustre. Sp.gr. 3*65 ; hardness 4. Apart from a 
doubtful record from Glamorganshire, the 
mineral has been found only in the old Blagill, 
or Bleagill, 1 lead mine, near Alston, in Cumber¬ 
land. Here it occurs in considerable quantity, 
and was at one time mined as a ‘ low-grade 
witherite.’ l^arge blocks of massive material 
with crystal-lined cavities may still be found 
lying outside the mine. Although containing 
less barium carbonate (66*3 p.c.) than witherite, 
it may prove to be of commercial value. L. J. S. 

BASALT. A group of volcanic rocks of 
basic composition (SiO t 45-55 p.c.), correspond¬ 
ing with the plutonic gabbros. The name is one 
of the oldest in petrography, being of Ethiopian 
origin and said to signify a stone that yiolds 
iron. Many of the ancient Egyptian and 
Assyrian monuments were carved ip basalt, and 
it is the jpaterial of the famous Rosetta stone. 
The term is used in rather different senses. A 
quarryman often recognises amongst the diffi¬ 
cultly-worked igneous rocks only granite and 
basalt, and commonly any dark-coloured fine-^ 
grained rock is included under the term basalt 
or trap-rock. Also petrographers are not agreed 
amongst themselves as to the limitations of the 
term. Strictly, it should be applied to a rock 
which has flowed as a lava on the earth’s surface, 
and is composed of a basic plagioclase-felsnar 
(bytownite or labradorite) and augite, together 
with small amounts of magnetite and ilmenite, 
and sometimes glassy (uncrystallised) material 
in the groundmass. Sometimes porphyritic 
crystals are present, but usually the component 
minerals can only be recognised when thin 
sections of tho rock are examined under the 
microscope; the rock appearing compact and 

’ A corruiftlon of the German Biel (lead), and a relic 
of the German miners employed in the Cumberland 
mines In the reign of Queen BlUabetb. 
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homogeneous to the unaided eye. Other 
minerals are sometimes present, particularly 
olivine, and.we then have the varieties ciMne- 
basalt, hornblende-basalt, &c. In a less common 
type of alkali-basalt the felspars are partly or 
wholly replaced by felspathoid minerals (nephe 
lit©, leucite, and melilite). When the felspars are 
wholly replaced we have the varieties nephelite- 
basalt, leucite-basalt, &c. ; and when both 
felspar and felspathoid are present the rock is 
termed tephrite or basamte, according as olivine 
is absent or presont. A leucite-basamte, then, 
consists of plagioclase, augite, olivine, and 
leucite. Analyses of somo of these types of 
basaltic rocks are given below : 1, average of 
498 analyses of typical basalts, including olivine- 
basalts ; II, basalt from Disko Island, west 
Greenland; III, olivine-basalt from the Isle of 
Skye, Scotland; IV, leucite-tephrite from 
Rome; V, leucite-basalt from Highwood 
Mountains, Montana. 



I. 

II. 

ill. 

IV. 

• v. 

SiO, 

. 49-06 

47*11 

40*01 

50*25 

47*98 

TiO, 

. 136 

0*78 

1*81 

0*57 

0*58 

AI.O, 

. 15-70 

14*33 

15*22 

21*41 

13*34 

Fe.O. 

. fi-38 

4*88 

3*49 

1-76 

4*09 

FeO 

. 6-37 

11*00 

7*71 

1*82 

4*24 

MnO 

, 0-31 

0*21 

0*13 

— 

trace 

Cal) 

. 8-9 i) 

9*12 

10*08 

4*48 

9*32 

MgO 

. 6 17 

8*45 

8*00 

0*31 

7*01 

Na.O 

. 3-11 

1*91 

2*43 

5*10 

3*51 

K,0 

. 1-82 

0*20 

0*67 

11*32 

5*00 

H,0 

. 1-62 

1*52 

3*17 

0*90 

2*10 

r,0, 

. 0-45 

0*29 

010 

012 

1*03 


As a consequence of their volcanic origin, 
basalts often exhibit a vesicular texture, owing 
to the expansion of water-vapour in the rock 
before consolidation; and in these cavities 
secondary minerals (chalcedony, calcite, and 
zeolites) are often deposited. A well-marked 
columnar structure, often on a large scale, is a 
common character; e.g. at the Giants' Causeway 
in Co. Antrim, the Staffa caves in the Western 
Jslea of Scotland, and in the Linz basalt quarry 
on the Klune. It is a dense, black rock weather¬ 
ing to brown or dark green. Sp.gr. 2*8—3*1. 
The crushing strength is high (2000-3000 tons 
per square foot); me absorption for water low 
(about 1 p.c.); and the conductivity for heat 
considerable, buildings of basalt beinc for this 
reason cold in winter and hot in sumriK;r. 

Basalts are of world-wide distribution, and 
sometimes cover enormous tracts of country; 

the Arctic region extending to the Western 
isles of Scotland’, and the north of Ireland, the 
Deccan traps of India, and the lava-fields of 
Washington, Oregon, and Idaho. The rock is 
quarried at many places for road-metal and 
paving stones, and on the Continent as a building 
stone. But it is to be remembered that much 
of the rock quarried under the name of basalt 
is included by petrographers under other terms, 
particularly dolerite and diabase (g.v.). The 
types of alkali-basalts are less widely distributed, 
but are abundant in central Italy, in the 
neighbourhood of Ri*ne and Vesuvius, and are 
known in Germany, Bohemia, Wyoming, 
Montana, and Brazil. These are of importance 
. on acoount of their high contend of potash 
(analyses IV and V above). , L. J. S. 
BASE OILS v. Oils and Fahs. 


BASIC BESSEMER STEEL t>. Iron. 

BASIJJCON. Resin cerate. A mixture of 
oil, wax, and resin. • » 

BASIL*0IL v. Oils, Essential. 

BASLE BLUE v. Azines. 

BASSIA MAHWA or MOWRAH FLOWERS. 
The flowers of B. (Illipi) latifolia (Roxb.) or 
Mahwa, a tree growing to the height jof 60 feet, 
very abundant in Central India, are very succu¬ 
lent, and fall from the tree in large quantities 
every night, a single tree affording from 200 to 
400 Iba. of flowers in a season, which lasts during 
March and April. They are used as an article 
of food, both cooked and raw. By fermentation 
and distillation they yield upwards of 6 gallons 
of proof spirit per cwt. It is of superior quality, 
and when the operations have been carefully per¬ 
formed, is very much like good Irish whisky, 
having a strong smoky and rather foetid flavour, 
which disappears with age. • 

They have also been used as a cattle food 
with success. It is said that the flesh of pigs and 
other animals is much improved, acquiring a 
delicate flavour. 

The dried flowers have boon recommended 
as a source of sugar. Negri found in them 
57*9 p.c. of glucose, yielding 20*74 p.c. of alcohol 
on distillation (Re\r. Chim. Med. Pharm. 2*384 ; 
cf. von Lippmann, Ber. 1902, 35, 1448). 

BASSIA OILS. Under this name are com¬ 
prised a number of oils belonging to the 
genus Bassia. The most important oils (or fats) 
derived from Bassia species are: Mowrah Seed 
Oil, Iilipe Butter, Shea Butter, Njave Oil, and 
Phulwa Butter. For a description of the fats 
derived from the kernels of different species of 
Bassia, sec. Bull. Imp. Inst. 1911, 9, 228. 

Mowrah Seed Oil is the fat obtained from the 
seeds of Bassia latifolia (Roxb.) (Illipt latifolia, 
Roxb. or Engler; Bassia villosa, Wall.), a tree 
widely distributed in the northern provinces of 
India, and especially in Bengal. The tree is 
frequently cultivated in East India, and forms 
small plantations ; but even under the incentive 
of modem demand for a solid fat, the cultivation 
of the Mowrah Seed tree foj the production of 
fat is not likely to be taken in hand in tho near 
future. The tree gradually disappears towards 
Calcutta, and is only sparingly met with in the 
Madras presidency, where its place is taken by 
Bassia longifolia [sec below). 

The kernels aie 1-2 cm. long, and are enclosed 
in a light-brown sluny husk. The seeds are very 
similar in appearance to those of Bassia lonqi • 
folia, with which they are frequently con¬ 
founded, much as the fat obtained from both 
species is frequently confounded in commerce. 
This is partly due to the fact that tho two kinds 
of fats arc mixed together when exported to 
Europe, a practico which is greatly favoured 
by the fact that both species are known to the 
natives under such similarly sounding names 
as Illipi, Elupa, Katillipi. 

The kernels dried at 100° contain, according 
to Valenta: 

Pat extracted (by petroleum ether) , 51*14 
„ soluble in absolute alcohol . . «W3 

Tannin.2*12 

Bitter principle, soluble in water . . 0*G() 

Starch ...... 0*0|fe 

Vegetable mucilage .... lwj 

Albuminous substanoes Boluble in water 
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BBS 

Extractive substances soluble in water . 1B o9 
Insoluble proteins, . . . 410 

Total ash 2-71 

Fibre and loss . . • . 10*29 

In its fresh state the fat is yellow ; on ex¬ 
posure to the air the colouring matter is bleached. 
The oil cau, also be bleached chemically, as has 
been done by the author, on a large scale. 

The fat has the sp.gr. of 0*9175 at 15°, molts 
at about 25*3 <> -30 o , and solidifies at 18*6°-22 0 . 

The fat has a bitter aromatic taste and a 
peculiar odour. The iodine value of the fat is 
50, thus indicating a considerable amount of 
oleic acid. The chief constituent of the solid 
fatty acid is palmitic acid ; arachidic acid is 
absent; stearic acid,( 13-25 p.c.) has been found 
to occtir in specimens examined by Menon. 
The saponification value of the commercial 
fats is slightly lower than that of fats having 
the constitution due to the fatty acids named, 
owing to a somewhat high proportion of un- 
saponifiable matter, viz. 2*34 p.c. The fat is 
prepared in India m a crude manner, and the 
cakes are used as manure. Owing to a bitter 
principle (saponin) contained m the cakes, 
they are unfit as food for cattle. Nevertheless, 
the cake is frequently added as an adulterant to 
the so-called ‘ native linseed cake,’ which, under 
this misleading name, has latterly found ex¬ 
tensive sales on tho Continent. The seeds and 
the oil have become an important article of 
commerce. They are imported to Europe m 
irregular quantities, and are chiefly used m the 
soap and candle industries. Endeavours have 
also been raado to convert tho fat into an edible 
fat. In India, Mowrah seed oil is largely used as 
an edible fat under the name ‘ Dolia oil,’ and as 
a medicinal oil in the treatment of skin diseases 
under tho name ‘ Jtfe oil.’ 

IUip6 Butter is obtained from the seeds of 
Bassia longifolia (Linn.), a tree indigenous to the ■ 
southern part of India ; a variety of this Bassia 
species is known as IUijA malabarica (Iionig), in 
the Western Ghats from Kanara to Travancore 
and the Anamalais, where the tree is found at 
an altitude of about 4000 feet. The seeds bear 
a close resemblance to those of B. lalifolia, 
but are mostly 3-4 cm. long, and less rounded 
than the seeds of B. lalifolia. The average 
weight of one seed is 1*4 grms. The kernels 
form-7o p.c. of the seeds, and contain 50-55 p.c. 
of a white to light-yellow coloured fat. Tht fat 
closely resembles Mowrah seed oil, but differs 
from ifc by its lower solidifying and melting 
points; in correspondence therewith the iodine 
value of the fat is 58-64, i.e. higher than that 
of B. lalifolia. The fat contains from 12 to 
20 p.c. of stearic acid; arachidic acid is absent 
(Menon). 

Illipd seeds are imported into France and 
England* (usually in admixture with Mowrah 
seeds), where the fat is expressed for use in 
candle-making. The proposal to employ the 
fat as a chocolate fat appears to be due to the 
c onfou nding of true Illipe' seeds with seeds from 
ttfWalayan States, erroneously described in the 
market &s ‘Illipd nuts.’ 

Owing tg the fact that the term ‘ illip^ * is 
applied to many fats, it has been suggested by 
Revis and Bolton (Fatty Foods, 183) that 
the confusion might be prevented by adopting. 


the name ‘ Latifolia ’ and * Longifolia fat * for the 
products of the preceding species. 

Shea Butter is the fat obtained from the 
seeds of Bassia Parkii, De C. (Haslk.), Butyro- 
spermum Parkii, [G. Don] (Kotschy), a tree 
belonging to the Sapotaaxe. The tree was 
first described by Mungo Park, who found it in 
the kingdom of Bambara. Hence the fat was 
known as Bambara fat and also Bambooi fat 
Other native names are Galam Butter, Bambuk 
Butter, and, in French West Africa, Karitd Oil. 
The Slica Butter tree, or Karite tree, which 
resembles in appearance the American oak, and 
grows to a height of about 40 feet, occurs in 
enormous quantities on the West Coast of Africa, 
and through the centre of Africa in the French* 

! and English Soudan. It is especially abundant 
in the middle basin of the Niger, and is as 
characteristic of the region of the middle Niger 
as is tho palm tree of the lower reaches of the 
rivers and of the coast line. The Shea nut has 
| the size and shape,of an ordinary plum; the 
outer Miell of some specimens is covered with fine 
' fibres, whereas the shell of nuts coming from 
tho middle Niger district has a polished surface. 
Owing to the wide distribution of the tree, the 
different specimens of puts and fats exported 
to Europe show characteristic differences. A 
special variety appears to be represented by 
the specimen known as Bassia niloticum (Kot¬ 
schy ct Chevalier). The seeds contain from 
about 32 to 44 p.c. of fat, corresponding to 
about 49 to 59 p.c. in the kernel, the amount 
varying with the origin of the seed. The natives 
extract the fat by pounding the kernels and 
boiling the paste with water. The fat rises 
to the surface and is skimmed off into large 
calabashes, in which it is carried to the river 
for shipment. Since little care is taken in the 
preparation of the exported oil, much of the 
shea butter sent to Europe had at one time a 
dark-grey colour, which was considered to be 
characteristic of shea butter. The fat used by 
the natives for their own purposes is, however, 
prepared in a more careful manner, made into 
cakes and wrapped round with leaves, so that 
it may keep. This fat is of a white colour, and 
keeps well for several mon^is. 

Shea butter plays a very important part 
in the economy of the natives as an edible fat, 
and also^s a burning oil, and for cosmetic 
purposes. Attempts have been frequently 
made to ship the fat and the nutB in bulk to 
Europe. Owing partly to the careless prepara¬ 
tion, and partly to a resinous substance dissolved* 
by the fat, shea butter contains considerable 
amounts of unsaponiliable matter which imparts 
to the fat an indiarubber-like taste. This large 
amount of unsaponiliable matter (5-9 p.c.) has 
prevented the extensivo employment of the 
fat for-soap-making purposes ; but methods for 
removing part of the unsaponifiable matter 
have been devised. The fat is also used as a 
candle material, and, in the refined form, as a 
substitute for lard. 

The specific gravity of the fat is 0*9177; its 
me ,f mg-point varies from* 25° to 28°. Owing 
to the considerable amount of unsaponifiable 
matter, the saponification value varies from 171 
to 192. Thf iodine value varies from 50 to 63, • 
so that the proportion of oleic acid in the tat 
may be estimated at about 60 p.c. The author 



BASTNA8ITE. m 


found in a number of shea butters from 33 to 
37 p.c. of stearic aoid. The remainder of the 
fatty acid appears to consist of lauria hcid 
(Southcombe, J. Soc, Chem. Ind 1909, 499). 

Njave Oil, Njave Butter, Nan Oil , Noamgou 
Oil, adjab Oil , is the^il obtained from the seeds 
of Mimuaops Njave (X)e Lanessan), syn. Bassia 
Djave[l)Q Lanessan); Bassia toxisjxrma (Raoul); 
Tieghemella afncana (Pierre); Baillonella toxi- 
sperma (Pierre); Baillonella Djavc (Pierre); 
Tieghemella Jollyana (Pierre), a tree belonging 
to the faniily of the Sapotacece. The wood of 
this tree is known in commerce as ‘ Cameroon 
mahogany.’ Tho tree is indigenous to West 
Africa, the Cameroons, Gaboon, and Nigeria, 
and furnishes, like most trees belonging to the 
Sapotaeece, guttapercha. The fruits are 
known in commerce as ‘ Mahogany nuts ’; in 
the Gold Coast Colony they are termed ‘ Abeku ' 
and ‘ Bako ’ nuts. The weight of the nuts 
varies between 10 and 2H> grams, one-third of 
which is made up by the shell. The kernels 
contain 43-04 p.c. of a wlnto fat, whitb the 
natives (the Jaundes and the Ngumbas) prepare 
by drying the seeds over lire and breaking the 
shell with stones. The kernels are then pounded 
in a mortar or comminuted by rubbing between 
stones. The mass is next boiled out with 
water, the fat is skimmed off by hand, and 
freed from the bulk of waiter by squeezing 
between the hands, and then subjecting it to a 
somewhat stronger pressure in baskets, by 
heaping stones on the mass. By this process 
an extremely poisonous saponin, contained in 
the fresh seeds, is completely removed, so that 
the fat can be used for edible purposes. In 
case the seeds should be expressed on a large 
scale the press cakes would ret ain the poisonous 
substance, and hence be valueless as a feeding 
cake (Der Tropenpflanzer, 1910, 29), unless the 
saponin be removed completely by boiling out 
with water. But even if this process were 
feasible, a considerable amount of nutritive 
substances would be removed thereby. The 
eoonomio prospects of the seeds are, there¬ 
fore, still doubtful; nevertheless, the exports 
from the German Cameroons have increased 
from 3 tons in 190(^to 183 tons in 1908. The 
fat solidifies at about 21°, and has an iodine 
value of about 65. 

Phulwa Butter is the fat expressed from the 
kernels of Bassia (IUij.6) bvtyracea (Rbxb.), the 
‘ Indian butter tree,’ which is indigenous to 
the Himalayas. The seeds, known as ‘phul- 
*jvara,’ are smaller and thinner than those of 
B. lalifolia and lawn folia. The average weight 
of one seed is one gram. The kernels form 
67*5 p.c. of the total seed ; they contain 50-60 
p.c. of a white fat, having the consistence of 
lard. Phulwa Butter is one of the most im¬ 
portant foodstuffs amongst the natives of the 
North-West Provinces, on account of its pleasant 
odour and agreeable taste, and is frequently 
used to adulterate Ghee. The butter is also 
highly valued by the natives as an ointment 
when properly pe r fumed. The melting-point 
of the fat is 39°, and its iodine value 42°. Stearic 
acid is absent (Menon). 

Less-known Bassia Oils are : Payena Oil or 
Kansive Oil, from Payena oleiferi | (Chemical 
Technology and Analysis of Oils, Fats, and 
Waxes, u. 800), and Ratio Oil , from Bassia 


Mottleyana , which solidifies at 14°-15° and has 
an iodine value of 63-65 (Brooks, Analyst, 
1809,20?). • J. L. 

BASS GRIN v. Gums and Gum Tragacanth. 

BASSWOOD OIL. An oil from Tilia ameri • 
cam, resembling cotton-seed oil, and consisting 
of glycerides rich in butyric acid (Wiechmann, 
Amer. Chem. J. 1895, 17, 305). 

BAST FIBRES. Elongated narrow plant- 
cells that form strengthening tissue in stems and 
leaves, especially in connection with the fibro- 
vascular bundles, but not belonging to the wood. 
The raw material, bast or bast-like fibre, used for 
textile purposes or for the manufacture of paper, 
ropes, and the like, is of varied nature and 
source, but is always characterised by the 
abundance in it of bast fibres. It may be 
composed of a number of fioro-vascular bundles, 
or one such bundle (r.g. coco-nut fibre), or part 
of fibro-vascular bundle (e.g. fibre from leavesof 
monocotyledons), or merely a bundle of true 
bast fibres (from the fibro-vascular bundles or 
bark of dicotyledonous stems). 

A typical bast fibre has a thick wall, with 
slit-like oblique pits, and a relatively small 
lumen.* The ends usually taper to fine points, 
but may be blunt or even branched. The cell- 
wall vanes in thickness in different species^from 
comparatively thin to extremely thick, and may, 
vary in the same fibre, so that the lumen is alter¬ 
nately wider and narrower. When tho wall is 
very thick the lumen is reduced to a line, and 
may be locally evanescent. There are similar 
differences in the width, length, and strength of 
the raw material and individual bast fibre. 
The colour varies from the usual whitish-grey or 
green or yellow, through yellow and brown to 
black. 

The cell, wall is mainly composed of celluloses 
and in.certain species (flax, Calotropis gigautea, 
and others) is entirely solublf: in ammoniaeal 
cupric oxide, and gives the colour reactions for 
celluloses; but tho bast fibres of certain other 
species (jute, hemp, esparto, and others) show 
hgnitication, and give corresponding colour 
reactions. 

Bast fibres in commercial use are mainly 
obtained from comparatively few alliances and 
families of dicotyledons, and genera of mono¬ 
cotyledons, namely, Malvales (Malvace©), 
Tiliaeeae, Sterculiace®, Urticalcs (Moraceae, 
Urfcicace®, Ulmace®), Leg aminos®, Linace®, 
Apooynacjee, and Asclepiadaceae, Boraginace©; 
Agave and Fourcroya, A log, Bromelia, Sanseviera, 
Musa, Slipa, Pandanus, and several palms. 
(See articles on any of these, and Jutx and 
Hemp. For a full authoritative account of 
vegetable fibres, see Wiesner, Die Rohstoffe des 
Pflanzenreichs, 1903, Bd. ii. 167-463.) 

BASTNASITE. A fluocarbonate of cerium- 
metals (CeF)CO a , long known as small yellowish 
masses with greasy lustre embedded between 
allatute crystals at tho Bastniis mine, Riddar- 
hyttan, Sweden. It has also been observed as 
an alteration product of tysonite (CeF 8 ) in the 
granite of the Pike's Peak region in El Paso Co. ( 
Colorado. Recently large masses have 
found in Madagascar in the weathered debris of 
pegmatite at Torendrika to the east of Amboaitra 
and near Antsirabe. These have the form of 
rough hexagonal prisms of a yellow to reddish- 
brown colour. Some crystals show an easy 
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separation parallel to the basal plane on which 
the lustre is then pearly, otherwise it is 
greasy in characte'r. The crystals are optically 
uniaxial and positive. Sp.gr. 4*848. The 
mineral is difficultly attacked by hydrochloric 
.acid, but is decomposed by sulphuric acid, with 
evolution of carbon dioxide and fluorine. It is 
infusible before the blowpipe. L. J. S. 

BATATAS, or Sweet Potatoes^ the tubers of 
Ipsomaea batatas or Batata edulis 'a convolvulus¬ 
like plant, usually with purple flowers, growing 
freely in tropical and sub-tropical countries. 
The tubers are sometimes of great size—up to 
12 lbs. or more in weight. 

It can be propagated by cuttings or by the 
tubers, and, once established, often yields 
several crops in suc#ssion. An average crop is 
about & tons per acre. Light friable soils are 
myst suitable. 

Average composition of sweet potatoes and 
their vines: 

Soluble 

carbohy- 

Water Protein Fat <1 rales Fibre Aeh 

Tubers . 71 1 1*5 0*4 21*7 1*3 1*0 

Vines . 41*0 7*6 2 1 29*3 13*Jt> 5*8 

A moje detailed analysis of the tubers as grown 
in Monte Video, is given by Sacc (Bied. Zcntr. 
1883, 337): 


Poetic 


Water Protein 

Glucose Mucilage add 

Starch 

Fibre Ash 

«7-0 

0*56 

0*3 1*15 1*27 

13 

10 1*0 

to 

to 

to 

to 

to 

08-2 

0*64 

4*0 

15 

J 7*8 


The sweet potatoes are largely used as food, 
and also in the manufacture of alcohol. 

According to Stone (Ber. 1890,23,1400), they 
contain from 1*5 to 2*0 p.e. of cane sugar, and 
baking converts tj^e starch into the soluble form 
and hydrolyses the cane sugar. The tops of 
sweet potatoes are greedily eaten by farm 
animals, but should bo used with care, since 
they sometimes contain a poisonous cyanogctic 
glucoside. Amounts of hydrocyanic acid, vary¬ 
ing from 0*014 to 0*019 p.c. of the green material, 
have been found. Sweet potato vines have 
often proved fatal to pigs in Queensland. 

Hasselbring and Hawkins (J. Agric. Research, 
J915, 5, 543) state that the amount cf sugar in 
the tubers is comparatively small until after 
they are harvested; but when they are cut off 
from connection with the leaves, the starch is 
transformed, first, into reducing sugars, and 
ultimately into sucrose. The reaction proceeds 
rapidly at high temperatures, but soon reaches 
an end-point, while at lower temperatures the 
change is slower, but ultimately proceeds further. 


BATH BRICK. A brick made from deposits 
of silicious and calcareous earth at Bridgwater, 
Highbridge, and elsewhere, and used for polish¬ 
ing metals. 

BATH-METAL. An alloy of copper and 
zinc, containing a larger proportion of copper 
thanordinary brass, viz. 83 p.c. copper to 17 p.c. 
zflflH sp.gr. 8*451; fracture crystalline, and 
colour vellowish-red. 

BATHYGHROME v. Colous and Chemical 
Constitution. 

BATIST. A material consisting of cotton 
impregnated with caoutohouo on one or both 


sides, largely used in the French arfny for 
compresses and antiseptic dressings. 

BAUXITE. A clay-like aluminium hydroxide 
first noticed by P. Berthier in 1821 (alumine ’ 
hydraUe des Beaux), and named beauxito by 
A. Dufrcnoy in 1847, and bauxite by H. Sainte- 
Olaire Deville in 1861 ; this name being from 
the village Les Beaux, or Les Baux, near Arles, 
dep. Bouches-du-Rhone, in the south of France, 
where the material was found. This material 
came to be regarded as a mineral species with 
tlie composition Al a O a ,2H a O, corresponding 
with Al a () a , 73*9 ; and H a O, 26*1 p.c.; that is, 
intermediate between the definite crystallised 
species diaspore (Al 2 () 3 .H a O) and hydrargillite 
or gibbsite (Al a 0 8 ,3H 2 0). It, however, vark*3 
widely in composition, owing to intermixture 
with quartz-sand, clay, and iron hydroxide, 
and it passes insensibly into clays, iron-ores, 
and laterite. The variations shown by different 
analyses are : Al a () a , 30*3-76*9 ; H a (), 8*6—31 *1 ; 
Fc a Og, 0 1-48*8 ; SiO a , 1*1-41*5; Ti0 2 , l*6-4*0 
(from table of analyses quoted by G. P. Merrill, 
The Non-metal lie Minerals, New York, 1910). 
(For other analyses of French bauxite, see H. 
Arsandaux, Compt. rend. 1909, exlviii, 936, ♦ 
1115 ; Bull. Soc. frang. Mm. 1913, xxxvi, 70.) 

The material never shows any indications 
of crystalline structure, being always com¬ 
pact or earthy, orr often with a concretionary 
(pisolitic or oolitic) structure. In colour it 
ranges from white, through creamy and yellow, 
to brown and deep red. Under the microscope 
it shows only optically isotropic, flocculent 
grains. Bauxite-is thus no doubt a mixture 
of colloidal aluminium hydroxides (for which 
the mmeralogical name kliacliite lias been 
proposed by F. Cornu, 1909, and sporogclito 
by M. Kispatic, 1912) with various iron hydr¬ 
oxides, clays, &c., and possibly also the crystalloids 
diaspo?*c and liydrargilhte ; and it is thus rather 
of the nature of a rock than a simple mineral. 

In its mode of occurrence, and no doubt also 
in its mode of origin, it also shows wide differ¬ 
ences. The extensive deposits in the south of 
France have the form of beds interstratitied with 
limestones of Cretaceous age, or of irregular 
pockets in the limestone. Those of Co. Antrim 
and of the Vogclsbcrg and Wcsterwald in 
Germany, are associated with laterite, and are 
mterbedded with basaltic lava-flows. In Ar¬ 
kansas tRo bauxite deposits occur only in 
Tertiary areas in tho neighbourhood of eruptive 
syenites, while in Alabama and Georgia they 
overlie ancient sedimentary rocks. The fre-^ 
quent presence of pisolitio structures in the 
material and its association with limestones, has 
led to the suggestion that bauxite has been 
deposited by hot springs containing aluminium 
salts in solution (prhbably aluminium sulphate 
from the decomposition of pyritous shales), 
where these have come into contact with lime¬ 
stone rocks. On the other hand, the material 
associated with laterite and basalt has, no 
doubt, been produced by the weathering under 
special conditions (the agency of bacteria has 
been suggested) of basal^ or of other igneous 
and crystalline rocks. (For papers on the 
constitution of bauxite and laterite, see M. 
Baupr, Jahrb. Min. 1898, ii, 163; T. H 
Holland, Geol. Mag. ] 903, 59; A. Lacroix, 
Nouv. Archives du Mus4e, Paris, 1914, v, 
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reviewed by L, L Former, Geol. Mag. 1915; 
G. A. J. Cole, The Interbasaitio Rocks (Iron Ores 
Mid Bauxites) of North-East Ireland, Mem* Gfeol. 
Survey, Ireland, 1912; H. Ries, .Economic 
Georgy, New York, 1910: W. C. Phalen, 
Mineral Resources of the United States, for 
1915, 1916, ii, 159.) 

The alum-clay or bauxite mined in Co. 
Antrim is all sent to the aluminium works at 
Foyers and Kinlochleven in Scotland. In 
France the present source of supply is mainly 
in dep. Var; and in America the production 
is confined to the states of Alabama, Georgia, 
and Arkansas. The French bauxite is roughly 
divided into throe classes : (1) white bauxite, 
with 60 p.c. alumina, not moro than 4 p.c. iron, 
and no silica,—this being used for the manu¬ 
facture of aluminium salts and alum; (2) red 
bauxite, with 00 p.c. alumina and 3 p.c. silica.— 
used for the manufacture of aluminium ; (3) a 
special kind of white bauxite, with 45 p.c. 
alumina, a trace of iron, and much silica,—used 
for making refractory bauxite bricks. # The 
greater part of tho material is used in the 
manufacture of aluminium, but in America* 
large quantities aro fused in the electric furnace 
to produce artificial corundum, which, under the 
name of alundum , is largely used as an abrasive 
Hgcnt, L. J. S. 

BAVALITE ThCMNCIITI. j 

BAY, BAY OIL !>. La ukus nobilis. I 

BAYBERRY TALLOW e. Waxes. 

BAYER’S ACID, 2-Naphthol-8-sulphonic 
acid. V. NirpTHALENE. 

BAY-LEAF OIL r. Oils, Essential. 
BAY-SALT v. So DIUM CHLORIDE. j 

BAZILLOL. Trade name for a preparation | 


of crude carbolic aoid. Used as a disinfectant. 
BDELLIUM v. Gtra resins. 

BDELLIUM RESIH v. ResIns. 

BEAN.* Tho name given to many seeds 
which resemble in size and shape the ordinary 
kidney bean. Thus the seeds of coffee, coooa, 
castor, &c., are often known as ‘ beans.’ 
Usually, however, the term is restricted to 
seeds of various Icgiminosa. 

Tho most infportant species of beans are: 

(1) Adzuki beans ( Phaseolus radiatvs). 

(2) Field or horse beans, of which the broad 
bean is a variety (Firm Jnba). 

(3) French or kidney bean ( Phaseolus 
vulgari#). 

(4) Java or Lima bean (Phaseolus lunaius) 

(5) Soy or Snja bean glycine hispida or 

Soja hispida). * 

(6) Velvet bean ( Mucuna vtilis). 

(7) Curob or locust bean ( Ceratonia siliqufi. 

In chemical composition beans are remark* 

ablo for the large proportion of albuminoid 
matter which they contain. They thus posses* 
high nutritive value as foods. 

In some casos the seed only is eaten, either 
green as in broad beans, or dried as in haricot 
beans, which are a variety of Phaseolus vulgar is. 
In others, e.g. in the kidney bean, the whole 
pod, in tho unripe condition, is eeten; whilst in 
the case of the carob bean, the dried pod rathor 
than tho seeds is tho valued product. The 
velvet bean is usually grown for its foliage, 
either for making into hay for cattle or for green 
manuring. 

In the following table are given analyses 
of various beans, as far as possible of the 
products as they aro usually consumed as 
food:— 


— • 

(1) 

(2) 

(3) 

(«) 

(5) 

16) 

m 

( 8 ) 

(») 

Water. 

138 

87 3 

111 

68-5 

14-4 

10-0 

16-0 

9-3 

19-7 

Protein. 

231 

2-2 

15-9 

7-1 

23-9 

33-2 

17-2 

13 3 

6-6 

Fat 

2-3 

0-4 

1-8 

0-7 

1-8 

17-5 

2-2 

2-8 

0-8 

Soluble carbohydrates 

56-8 

| 9-4 

871 

22 -of 

49-3 

30-2 

* 28-9 

39-4 

39-6 

Crude fibre .... 

3-9 

7-5 

4-4 

29-5 

27-6 

7-8 

Ash .... 

3-5 

0-7 

4-1 

1-7 

3-2 

4-7 

6-2 

7-8 

2-5 

Undetermined .... 

— 

— 

— 

— 

— 

— 

— 

— 
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(1) Phaseolus vulgar in, dried seeds, as used as 

haricot beans. 

(2) Phaseolus miljaris, green pods, as used as 
Jijdney beans. 

(3) Phaseolus hi'uUue, dried. 

(4) „ „ green. 

(5) Viciafaba, dried. 

(6) Soja hispida , dried seeds. 

(7) „ hay. 

(8) Mucuna utilis , hay. 

(9) Ceratonia siligm, whole pod. 

The proteins of beans were thought to con¬ 
sist largely of legumin, or ‘ vegetable casein,’ 
first obtained from them by Einhof in 1805, 
but Hoppe-Seyler has shown that the vegetable 
casein is produced by «the action of the alkali 
used in extraction upon the globulins and 
albumins present in the seeds. 

The proteins of Phaseolus vulgarise chiefly 
phaseolin, a globulin containing 10'45 p.c. N and 
T9 p.c. S, and phaselin (Osborne, J. Arner. 


radiatus are present phaseolin and another 
globulin containing 16*31 p.c. N and 0'88 p.c. S 
(Osborne and Campbell, J. Amor. Chem. ’Soo. 
1897, 19, 509). In Viciafaba, tho same investi¬ 
gators found legumin, vicilin, legumelin, and 
a proteose (same Journal, 1898, 20, 393). In 
Soja hispida they found, as the chief proteid, 
a globulin resembling legumin, but containing 
twice as much sulphur, for which they propose 
the name glycinin. Legumelin, a trace of a 
proteose, and a globulin, probably identical with 
phaseolin, were also present (l.c. 20, 419). 

The nitrogen-free extract of soja beans con* 
tains the following substances (Street and 
Bailey, J. Ind. Eng. Chem. 1915, 7, 
galactans 4‘86 p.c.; pentosans, 4'94 p.c.; 
organic acids (as citric acid), 1-44 p.c.; invert 
sugar, 0'07 p.c.; sucrose, 3‘31 p.c.# rafflnoee, 
1*13 p.o.; starch, 0*50 p.o,; cellulose, 3'29 p.o.; 
hemicelluloses, 0'04 p.c.; dextrin, 3'14 p.c.; 
waxes, tannins, &c. [by diff.), 8*00 p.c. The 
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the following enzymes: urease, amylase, a 
glucoside-splitting enzyme, a protease, a peroxy- 
dase, and a lipase: 

According to Fleurent (Compt. rend. 1898, 
126, 1374), bean flour contains 31 p.c. of nitro¬ 
genous matter, comprising lcgumin, J8*9 p.c.; 
vegetable albumin, 0*2 p.c.; glutenin, 9*5 p.c.; 
and gliadi/p 2*4 p.c.; and has been used to add 
to wheaten flour, since the addition of 2 or 3 p.c. 
to the latter increases the ratio of glutenin to 
gliadin in the mixture, and thus in many cases 
improves the flour for bread making. The 
flour made from haricot beans contains starch 
as ovoid grains with distinct elongated or 
fissured hila, and square or rectangular cells j 
containing prismatic crystals of calcium oxalate. ■ 

The fat of beans contains choline, cholesterol, j 
and gPvcerides of valeric, oleic, and palmitic 
acids, but no stearic acid (Jacobson, Zeitsch. 
tftiysiol. Chem. 1889, 13, 32). According to 
kosutany (Landw. Versuchs-Stafc. 1900, 54, 
463), bean oil resembles olive oil in appearance, 
has a sp.gr. of 0*967, Rcichert-Messel number 
2*46, iodine number (Hub!.) 1151*9, and contains 
much lecithin and sulphur. Stanek (Zeitsch. 
physiol. Chem. 1906, 48, 334) found botlj betaine 
and choline in horse beans. 

Several varieties of beans contain a cyano- 
gentftic glucoside. In Phaaeolus lunaiua, Dunstan 
and Henry (Proc. Roy. Soc. 1903, 72, 285) found 
a glucoside which they named phaseolunatin 
C,X,O.N, yielding dextrose, prussic acid, and 
acetone on hydrolysis. The wild plant contains 
it in much larger quantity than the cultivated 
one. From haricot beans Tatlock and Thomson 
(Analyst, 1906, 31, 249) obtained from 0 001- 
0'009 p.o. of hydrocyanic acid. Most of the 
cyanogen compound, and the whole of the 
Bnzyme which hydrolyses it, are destroyed by 
boiling. 

The carob or locust bean is remarkable for 
the large amount of sugar (cane sugar 23 p.c., 
glucose 11 p.c.) contained in the pod, while 
the seed contains a carbohydrate, caroubin, 
a white, spongy, friable substance, of the same 
composition as cellulose (Effront, Compt. rend. 
1897, 125, 38), which yields in contact with 
water a very syrupy liquid or jelly, 3 or 4 grams 
of the substance being sufficient to convert a 
litre of water into a thick syrup. Caroubin 
might be used with advantage in the prepara¬ 
tion of nutrient media for bacteriological work. 

It has been introduced under the name of 
‘ tragasol ’ as a gum for sizing, colour printing 
and dyeing (J. Soc. Chem. Ind. 1894, 410, and 
1896, 112). 

Effront (Compt. rend. 1897, 125, 309) 
states that by hydrolysis, either by dilute 
acids or the enzymo caroubinase, present in the 
seeds, caroubin yields a sugar, which he ca Is 
^caroubinose, resembling dextrose, but with lower 
rotatory power. 

Van Ekenstein (Compt. rend. 1897, 125, 719), 
however, finds this sugar to be identical with 
d-mannose. So, too, Bourquelot and Herissey 
find that the action of dilute acid upon the 
*Sitf8b seed yields a mixture of mannose and 
galactose so that caroubin apparently consists 
of^nannay and galaotans (Compt. rend. 1899, 
129, 228 and 391). For analyses of commercial 
carobs r. Balland, J. Pharm. chim. 1904,19,569. 

All species of beans, like other leguminosaB, 


serve as hosts for the tubercle forming* nitrogen¬ 
fixing. organisms {Bacillus radicocola), and thns, 
undfcr,- suitable conditions, are independent 
of supplies of combined nitrogen in tne soil. 
Beans are therefore sometimes used for enriching 
soils in combined nitrogen, being omploved for 
green manuring, though the root ddbris of a crop 
of beans, even after the removal of the seed and 
haulms, often effects this object to a considerable 
extent. H. I. 

BEAN OIL. See Soya bean oil. 

BEARBERRY LEAVES. The dried leaves 
of Arrtoxtaphylox lem-urai (Sprong). 

BEBEERINE (bebenne, bibinne) is a name 
which has been applied variously. 

1. Maelagan (Annalen, 1843, 48, 100; with 

Tilley, 1845, 55, 105) first applied it to the 
amorphous ether-soluble alkaloid of bobeeru 
bark ( Nectandra liodici, Hook.), to which the 
formula C 86 H ao 0 4 N (0 = 6; 0 = 8) was 

attributed. This base was accompanied by 
another amorphous alkaloid, sipeerine, which 
was ‘Insoluble m ether, whilst bobeeru wood 
contained a third amorphous alkaloid, noctan- 
dnno C ao H a3 0 4 N (Maelagan and Garagee, 
Pharm. J. 1869-1870, In.] 11, 19). 

2. It was applied later to the total alkaloids 
of bebeeru bark, the sulphate of which was 
official in the B. P. 1885, and was used as a 
febrifuge, as a substitute for quinine. 

3. Bebeerine (from bebeeru bark) has been 

stated to be probably identical with the alka¬ 
loids of true pareira root ( Chondodendron 
tomnilosum, Riuz. and Pav.), with buxine, con¬ 
tained in Buxus sempervirens (Linn.), and with 
the pelosine of Cimmipdos Pareira (Linn.), 
but. the evidence of identification is incon¬ 
clusive. It has led, however, to the use of the 
term bebeerine for alkaloids isolated from 
Chondodendron tomentosum by Soholtz (Arch. 
Pharm. 1898, 236, 530-; 1906, 244, 255) and 
Faltis (Monatsh 1912, 33, 873). Seholtz’ bebee¬ 
rine 0 1(J H al 0 3 N crystallises from methyl alcohol 
in colourless prisms, m.p. 214°, [a] D —298° in 
alcohol, forms crystalline salts, is phenolic, and 
contains one *OMe and one *NMe group. Faltis 
has described 0-bebeerine, amorphous, m.p. 
142°-150°, [o) d + 28*6° in alcohol, -24*7° in 
pyridine; wobebeerine, rhombic needles, m.p 
2<Hf°, optically inactive; and bebeerine-B, 
O aa H as O_N, yellowpowder,m.p. 220°, [a] D -f-56*7° 
in pyridine. To 0- and isobebeerine, Faltis 
attributes the formula C 21 H 28 0 4 N, whilst 
Seholtz (Arch Pharm. 1913, 251, 136) prefers 
the formula C, 8 H 21 0 8 N. F. L. P. 

BECKELITE. A silicate of calcium and 
cerium-earths Ca 8 (Ce,La,Di,Y) 4 (Si,Zr) 8 0 1#l con¬ 
taining Ce 9 0 s 28*1, La a 0 8 13*6, Di t 0 8 18*0, 
(Y,Er) t O a 2*8, Zr0 8 2*5 p.c., etc. It occurs as 
wax-yellow grains and cubic crystals as an 
accessory constituent in a dyke rock associated 
with elaeolite-syenite in the Mariupol district 
on the Sea of Azov, South Russia. The crystals 
(| cm. diameter) have the form of octahedra 
and rhombic-dodecahedra, and resemble pyro- 
chlore in general appearance and physical 
characters, but they possess a cubic instead of 
an octahedral cleavage. Chemically, however, 
they are quite distinct from pyroohlore, con¬ 
taining n6 columbium, titanium, or fluorine. 
Sp.gr. 4T5; hardness 5. L. J- S. 
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BEECHNUT OIL. This oil is derived from 
the seed-kernels of the beech tree {Fagua 
sylvatica , L.), which contain from 30 to 42*p.c., 
the yield from the whole nuta being from 10 to 
12 p.c. The oil derived from the nuts of the 
Japanese beech (vaj. Sitboldi , Maxim.) is used 
for food and as a lubricant, for which latter 
purpose it is not well suited, as it is a ‘semi- 
drying ’ oil. The cold-drawn oil is pale yellow, 
and has a pleasant odour and taste. It has 
s^.gr. 0'920(5 at 15°; iodine value 111-120; 
ana in.p. of fatty acids 17°-17‘5° (Higuchi, 
Bull. Forest Exp. Stat. Tokyo, 1915). In 
Europe beechnut oil is sometimes used to 
adulterate almond oil. 

C. A. M. 

BEECH TAR. According to Fisher, 100 
parts of beech wood yield on dry distillation 45 
parts of acetic acid, 23 parts of charcoal, 4 of 
oil, and 28 of gas, consisting of 20 parts carbon 
dioxide, 7 of carbon monoxide, 0*5 of marsh 
gas, 0 05 of hydrogen, and 0*46 of water (Dingl. 
poly. J. 238, 55). * 

The tar contains phenol, cresol, phlorol, 
guaiacol, and creosol, the dimethyl ether of 
propyl pyrognllol, the dimethyl ether of pyro- 
gallol, which on oxidation yield ccerulignone or 
cediret, pittacal, and picamar. 

According to Gratzel (J. Pharm. [5] 0, 520), 
ferric chloride colours beech Har creosote a blue 
passing to brown. 

(For a history of the investigations made 
upon wood tars', v. Schorlemmer, J. Soc. Chem. 
Ind. 4, 152, where also will be found a biblio¬ 
graphy of the subject; v. also (Creosote, and 
Wood, Destructive distillation or.) 

BEESWAX v. Waxes. 

BEET-ROOT. Tho root of Beta vulgaris 
(Linn.). Many varieties are knowp, differing in 
colour, shape, and size. Mangel-wurzel, or 
mangold, as it is often called, is a variety (of 
which there are many sub-varieties), largely 
grown as winter food for cattle; garden beet-root, 
employed as salad or vegetable, is often under¬ 
stood when the term * beet-root * is used. The 
most important variety, however, is the sugar 
beet, of which many sub-varieties are known. 
These have been obtained by careful selection 
with a view to obtaining the highest proportion 
of cane sugar. 

The presence of sugar in tho juice ofjieet-root 
was observed in 1747 by Marggraf, who suggested 
its extraction on a commercial scale. Tho 
early attempts, however, provet^ failures, aa 
*^ie process oould not compete with the cane- 
sugar industry. This is not surprising when it is 
remembered that the beets then grown only 
yielded about 2 p.c. of sugar. 

Careful selection of seed, and improved 
cultivation and methods of extraction, aided 
by a system of bounties by continental Govern¬ 
ments, have resulted in beet sugar almost 
entirely replacing oane sugar in the principal 
markets of Europe (t>. Sugar). 

Beet-root contains water, nitrogenous mat¬ 
ter* (including true albuminoids and the bases 
glutamine, betaine, and choline), peotins, sugars 
(of which can© sugar and raffinose are the chief), 
colouring matter of an unstable character 
(Formanek, J. pr. Chem. 1900, ii, 62, 310), 
and ash. It will be well to consider, in turn, the 
oomnosition of average specimens of the three 


principal varieties of beet-root mentioned 
abovo. , * # 

(a) Mangel-wurzel, or Mangolds, called some¬ 
times fiettl beets. Many varieties, differing in 
colour, size, and shape, are in cultivation. They 
may be classified into long, tankard, and globe 
forms. 

Mangolds grow best in deep,# somewhat 
clayey soils, and in warm, fairly dry climates. 
They demand abundant supplies of plant food, 
and, under favourable conditions, yield very 
heavy crops, from 20 to 30 tons per acre being 
usually obtained. They are bettor as food for 
cattlo and sheep after they have been stored 
for some weeks. 

As in almost all root crops, large mangolds 
are distinctly more watory than small gnes. 

The following is the average composition 
of mangolds, according to (1) Warington, 12) 
Kellner:— 
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0-1 

0-1 
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Soluble car- 






bohydrates 
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10-2 

0-7 

8-7 
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HI 

0*8 

10 

0*9 

0-8 

Ash . 

10 

0-9 

1-4 

i-i 

0-9 


100-0 

100-0 

100-0 

100-0 

100-0 


The nitrogenous substances comprise real 
albuminoids, in proportion varying from 33 to 
60 p.c. of the whole (being lowest in the largo 
and highest in the small roqts), and amides. 
Quito considerable quantities of nitrates are 
often present in the juice. 

Tho soluble ‘ carbohydrates * consist ohiefly 
of sugars, pectins, cellulose, and pentosans; 
starch is not present. The ash of mangolds, 
according to Wolff, contain#: 

K a O Na 2 0 MgO CaO P 2 0 8 SOj Cl SiO a 

53-1 14-8 5 1 4-6 9-6 3-3 6*6 3*3 

Tho unusually large proportion of chlorine is a 
noticeable feature. Boots, being descendants of 
a maritime plant, arc found to be benefited by > 
applications of common salt to the soil in 
which they aro grown. Oxalic acid, to the 
extent of about 0-1 p.c., is present in beet¬ 
root. 

(6) Garden beet-root. These are almost al¬ 
ways red-floshed. In composition they resemblo 
the mangel-wurzel. 

The average of 17 American analyses shows r 
Water, 87 6 p.c.; nitrogenous substances, 

1 -6 p.c.; fat, 0-1 p.c.; soluble carbohydrates and 
fibre, 9 6 p.c.; ash, 1*1 p.c. 

(c) Sugar beets. Of those, many varieties 
have been obtained by careful selection. _ They 
are usually white- or yellow-fleshed, conical in 
shape, and grow with the root entirely 
ground. The sugar content now ranges trom 
10 or 11 to 16, 18, or even 20 p.c. 

Roots not exceeding 14 to 2 lba in weight 
are preferred. A deep medium loam containing 
a fair proportion of lime is the soil best suited 
for their growth. Nitrogenous manuring must 
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be only sparingly done, or the roots become 
watery and deficient* in »ugar. 

It is difficult tcf give the typical composition 
of sugar beets, since their sugar coutent varies 
so greatly with variety of plant, season, size 
of root, cultivation, and manuring. Small roots 
are almost invariably richer than large ones, 
other thing? being equal; a dry period during 
the ripening and maturing of tne roots is also 
favours ble to sugar formation; well-tilled soil, 
regularity of shape of root, and suitable manur¬ 
ing, are all important factors in determining the 
yield of sugar. 

There is evidence that the careful selection of 
beets for sugar production has altered the 
plant considerably, so far as oontont of ash is 
concerned (Schneidewind, Bied. Zentr. 1909, 
29, 81).* The proportion of ash is much lower 
than formerly, the quantity of potash is only 
abfiut halt of what it was, while the soda has 
doubled; magnesia has remained unchanged, 
while phosphoric acid is less. 

According to Kellner, the average composi¬ 
tion of sugar beets is: Water, 75 p.e.; crude 
protein, 13 p.c. ; fat, OT p.c.; soluble carbohy¬ 
drates, 21 *4 p.c.; fibre, 1*5 p.c.; ash, 9'7 p.c. 
In addition to the sugar content, the purity 
coeffiooent (the ratio of cane sugar to total sugar) 
is of importance (see Sugar). 

The loaves of mangolds and sugar beets 
contain much oxalic acid, up to 8 p.c.*of the 
dry matter (Stoklasa, Bied. Zentr. 1901, 30, 
393), and their ash is rich in lime, magnesia, and 
soda. They contain about 84 p.c. water, 
2-3 p.c. nitrogenous matter, 0-4 p.c. ether 
extract, 7-4 p.c. soluble carbohydrates, 1*6 p.c. 
fibre, and 4-8 p.c. ash. 

They are sometimes used as cattle food, 
either in the fresh or driod condition, or some¬ 
times as silage. Jn order to prevent ill effects 
from the oxalic acid present, it is recommended 
to sprinkle powdered calcium carbonate on the 
leaves bofore giving them to animals. About 
1 lb. oalcium carbonate to 1000 lbs. of leaves is 
sufficient (Kellner). The leaves are sometimes 
dried by artificial heat, and then furnish a 
valuable food, equal to meadow hay. H. I. 
BEET ROOT GUM t>. Gums. 

BEHENIC ACID is said to be 

present a« a glycer.de in ben oil (q.v.). The 
fatty acid prepared from the oil melted at 80°- 
82° and solidified at 70° 79° (J. fr. Cliem. 1891, 
61). The acid prepared synthetically from 
erucic acid has m.p. 83°-84°, and solidifies at 
77°—79°; b.p. (60 mm.) 30(5° (Talanzcff, J. pr. 
Chem. 1895, 50, 71). It forms acieular crystals, 
soluble in ulcohol (O’102 p.c. at 17°) and el her 
(0*1922p.c. at 16°); m.p. of ethyl ester, 48°-19°. 
A method of detecting rape oil in olive oil has 
been based-on the hydrogenation of the liquid 
fatty acids, and separation of the behenie acid 
-formed from the erucic acid (Biazzo and Vigdorcik, 
Annali Chim. Appl. 1916,6,185). G. A. M. 

BELLADONNA. (Fr. Bclledame.) The 
Atrqpa belladonna (Linn.), or deadly nightshade. 
Ajnoisonous plant of tho So1anuce.ee order. 
EfRjJfroyed in medicine as an anodyne, &c., and 
for dilating the pupil. The name appears to 
hav* been derived from the circumstance of its 
employment in an Italian cosmetic. Its 
physiological action is due to atropine. 

BELLITE. An explosive prepared by mixing 


a nitrate with a nitro- compound such as dinitro- 
benzena, trinitronaphthalene, or nitrotoluene, 
and ftm subjecting the mixture to a temperature 
of from 50° to 100* (Eng. Pat. 13690, Nov. 10, 
1885; v. Explosives). 

BELLITE. This name .has 8,Iso been used 
(W. F. Petterd, 1905) for an incompletely 
determined mineral, described as a chromo¬ 
arsenate of load, and occurring as bright-red or 
yellow velvety tufts, or as powdery encrustation^ 
at Magnet in Tasmania. L. J. S. 

BELL-METAL. An alloy of copper and tin 
used in tho manufacture of bolls. Contains from 
3 lo 4 parts of copper to 1 part of tin. 

BELL METAL ORE v. Stannite. 

BENGALINE v. Azo- colouring matters. 

BENGAL LIGHTS. These fires may be made 
by mixing potassium chlorate, carbon, antimony 
sulphide, strontium nitrate, &c., together in 
suitable proportions; but all such mixtures of 
potassium chlorate and sulphur are dangerous 
from their tendency to inflame spontaneously 
owing to sulphur frequently containing sulphurio 
acid. Saunders suggests that 120 grains of 
potassium bicarbonate should 1)9 added to 
each pound of sulphur to neutralise the free 
acid. 

An improvement in the manufacture of 
Bengal lights has been suggested by Chertier 
(Wagner’s Jahr. 24, <164), who obtains a smokeless 
and odourless fire by melting shellac and adding, 
with continuous stirring, the nitrate. The pro¬ 
portions given are: for red fires, one part of shellac 
to five of strontium nitrate; for green, one of 
shellac to five of barium nitrate; and for yellow, 
one of shellac to three of sodium nitrate. They 
bum slowly, and are w'oll adapted for theatres, &c. 

C. Schmidt has patented (D. R. P. 34020, 
1885) the following process. From 1 to 10 
grams of magnesium dust are added to 100 
grams of collodion, and 3 grams of barium or 
strontium chloride are added. On evaporation 
of the ether, thin plates are obtained which bum 
with great brilliancy. 

Another formula recommended by a German 
firm is, for white fires, to fuse one part shellac 
with six barium nitrate, grind and mix with 2 '5 
parts magnosium pow'der. For red fires, five 
arts strontium nitrate is used instead of the 
anum nitrate. These mixtures can he made 
into ribbons or charged into thin zinc tubes so as 
to make torches (Dingl. poly. J. 256, 518). (See 
also Flash lights ; Pyrotechny.) 

BENITOITE. This interesting mineral is 
an acid titano-siheate of barium BaTiSi t O # , 
and forms beautiful sapphire-blue, transparent, 
crystals suitable for cutting as gems. The" 
crystals afford the only known example (except 
Ag 8 HP0 4 (H. Dufet, 1886)) of the ditrigonal- 
bipyramidal class. Sp.gr. 3‘64-3'67; H. 6$. 
The dichroism is intense, the ordinary ray being 
colourless, and the extraordinary ray greenish- 
blue to indigo-blue. The mineral was first found 
(and described by G. D. Louderback) in 1907, 
near the source of the San Benito river in Sau 
Benito Co., California, the crystals occurring 
embedded in natrolite veips traversing schistose 
rocks. 1m J. S. 

BENJAMIN, GUM, t>. Balsams. 

BEN OIL, Behen Oil, is obtained from the 
seeds of tKe Ben nut , from Moringa pterygo- 
sperma (okifera) and Moringa aptera (GArL), 



benzaldehyde. 


5«8 


The Moringa trees are indigenous to^ India, 
Arabia, and Syria, and were introduced to 
Jamaica from the East Indies in 1784. Moringa 
pterygosperjna has also been found in Northern 
Nigeria, and Dahomey. Ben oil has a slightly 
yellowish colour, is odourless, and has a sweetish 
taste. The oil consists of the glycerides of 
oleic, palmitic, and stearic acids; it also con¬ 
tains a solid acid of high melting-point, which, 
according to Volcker (Annalen, 64, 342), is 
identical with behcnic acid (m.p. 70°); though 
possibly this acid may be arachidic acid. In 
the East, ben oil is used for cosmetic purposes, 
it is also employed in the ‘ maceration ’ process 
for extracting perfumes from flowers. In the 
West Indies the oil is used for edible purposes. 
Jamaica oil, from which any solid deposit has 
been separated by filtration, is used for lubricat¬ 
ing watches and other delicate machinery, for 
which purpose it is particularly suitable owing 
to its not readily oxidising when exposed to the 
air. This property is in Accordance with the 
low iodine value of the oil. A genuine sample 
from Jamaica, examined by Lewkowitsch 
(Analyst, 1903, 28, 343) gave the following 
results: sp.gr. at 15°, 0*9127; iodine value, 
72*2 ; iodine value of liquid fatty acids, 97*53 ; 
and butyro-refractometer reading, 50*0°. The 
low iodine value of the liquictfatty acids indicates 
that fatty acids more unsaturated than oleic acid 
wen? only present in small proportion. Com* 
mercial samples of ben oil frequently have much 
higher iodine values (e.g. 110), but the genuine 
character of .these is opon to question. J. L. 

BENZACETIN v. Synthetic drugs. 

BEtfZAL CHLORIDE. Benzyhdene chloride, 
Benzidene chloride (v. Toluene, Chlorine de¬ 
rivatives of). 

BENZALDEHYDE C,H„0 orCJH R *CHO. Ben * 
zoic aldehyde , Benzoyl hydride. Ethereal , or 
volatile, or essential oil of hitter almonds. Essence 
of hitter almonds. (Aldehyde benzo'iquc, Fr.; 
BiUermandelhl, Ger.) Mortr&s showed, in 1803, 
that, in addition to the fatty oil, a volatile 
oil could be obtained from bitter almonds ; but 
pure benzaldehyde was first isolated, its compo¬ 
sition determined, and its reactions studied, by 
Liebig and Wohler in 1837 (Annalen, 22, 1). 
Benzaldehyde is not contained, as such, in bitter 
almonds: it is produced by the action of a 
soluble ferment, emulsin (also tormed %ynaptase), 
present in the almond, on amygdalin G\ 0 H 27 NO,,. 
In this fermentation, which occurs when the 
bruised almonds are mixed with cold water, the 
"amygdalin is hydrolysed, yielding benzaldehyde, 
' together with hydrocyanio acid and glucose: 
O l# H l ^O ll +2H t O=*C T H e O+HCN+2C,H 11 0 B 

If boiling water is used, the ferment is destroyed 
and the reaction does not take plaoo. Peach 
kernels and kernels of other stone fruits contain¬ 
ing amygdalin also yield benzaldohyde. It 
ocours, ready formed, in the leaves of tho cherry 
laurel ( Prunus laurocerasus ), of the bird cherry 
(Prutm padus), and of the peach (Amygdalus 
persica). • 

Preparation, —1. From hitter almonds. Tho 
bitter almonds (or more rarely, peaoh kernels) 
are ground and then cold-pressed, to extract the 
fatty oiL The press oake is made*into a thin 
a with oola water, introduced into a still, 


either by blowing in superheated steam, or, 
less advantageously, over a*fire. In wkich case 
mechanical stirring must be employed to prevent 
the charring of the vegetable matter. The 
distillation is continued as long as the distillate 
appears milky. Most of the crude benzaldehyde 
separates as an oily layer under Jhe aqueous 
distillate; some, however, remains in solution 
and may be recovered by distilling the aqueous 
liquid, whon tho benzaldehyde passes over with 
the earlier portions. 

Michael Pettenkofer (Annalen, 122, 77) 
modifies the foregoing process as follows:— 
12 parts of the coarsely powdered press cake are 
added to 100-120 parts of boiling water, stirring 
during tho process, and tho mixture is kept 
boiling for about half an hour. In thi# way all 
tho amygdalin is obtained in solution. The 
liquid is"then allowed to cool; 1 part of grotfnd 
bitter almonds, suspended in 0-7 parts of cold 
water, is added, and after standing for 12 hours 
tho whole is slowly distilled. According to 
Pettenkofer, the maximum yield of benzaldenyde 
is thus obtained, no amygdalin remaining unde¬ 
composed. Pelz, however, states (J. 1864, 654) 
that tho yield of benzaldehyde in this process 
is no greater than is obtainod by macerating 
merely the above-mentioned 1 part of ground 
bitter almonds with cold water and then 
distilling. 

The oil prepared by either of these methods 
oontains hydrocyanic acid, from which it may 
be freed by fractional distillation, the hydro¬ 
cyanic acid coming over with the first part of 
tho distillate. The hydrocyanic acid may also 
be romoved without distillation by shaking the 
oil with a mixture of milk of lime and ferrous 
sulphate (Liebig and Wohler). The purest ben- 
, zaldehyde is obtained by shaking the crude 
product with 3-4 times its vdlume of a concen¬ 
trated solution of sodium bisulphite, washing 
the crystals of tho double compound 
(C 7 H lO.NaHSOjlglfjO 

1 with aloohol, recrystallising them from water, 

I and distilling them with a solution of sodium 
carbonate (Bertagnini, Annalen, 85, 183 : 
Muller and Limprieht, ibid. Ill, 136). 

2. From toluene .—At tho present dav benz¬ 
aldohyde is generally prepared artificially from 
chlorinated derivatives of toluene. The follow¬ 
ing are the chiof processes that have been pro¬ 
posed :— 

Lauth and Grimaux (Bull. Soc.' chim. [2] 7, 
105) boil 1 part of benzyl chloride C # H|*CHgCl, 
1$ parts of lead nitrate (or copper nitrate), and 
10 parts of water with a reflux condenser for 
several hours, passing a current of oarbon 
dioxide through the apparatus io prevent 
oxidation. Half the liquid is then distilled off t 
and the oil, whicli separates in the distillate, is 
rectified. The product, which consists mainly 
of benzaldehyde, may be further purified by 
converting it into tho bisulphite compound. 

The Dow Chemical Co. (U.S. Pat. 1272522) 
heat benzyl bromide with an aqueous sdftttfOh 
of calcium nitrate or sodium nitrate. The 
reaction takes place between eguimolecular 
proportions of benzyl bromide and sodium 
nitrate, and the benzaldehyde is practically a 
pure product. 
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Ind. 1883, 274) chlorinates boiling toluene until 
it attains a sp.g/. of 1*175, when it consists 
essentially of a mixture of 2 mole, ©f benzyl 
chloride with 1 mol. of benzal chloride. This 
product is boiled with six times its volume of 
water and a quantity of powdered black oxide 
of manganese containing two atoms of available 
oxygen to the abovo molecular proportion. 
The reaction is supposed to take place according 
to the equation 

2C fl H 4 *CH 2 Cl-f C # Hj , OHCl a -f 2MnO a 

=3C e H a .CH04-2MnCIj-i-H g 0 
The product is steam-distilled, and the aldehyde 
purified in tho usual way. A mixture of benzyl 
bromide and benzal bromide may be substituted 
for the#chlorine compounds. 

Another method consists in heating benzal 
chiiorido with milk of lime under pressure. 

CjHj'CHCljj+Ca(OH) 2 =C fl U 5 -CflO+CaCI 2 +H 2 0 
According to Espensohied (1). It. P. 47187), the 
reaction takes place under ordinary pressures if 
insoluble substances such as chalk or barium 
sulphate are added along with the milk of lime, 
so as to produce an emulsion of th$ benzal 
chloride. 

i£c Jacobsen (J). R. P. 11494 and 13127; 
Ber. 13,2013, and 14,1425) heats benzal chloride 
with an organic acid (or an ethereal salt of an 
organic acid) and a metallic chloride, oxide, or 
sulphide. Thus benzal chloride, when heated 
on the water-bath with acetic acid and a little 
zinc chloride, yields benzaldehyde, acetyl 
chloride, and hydrochloric acid 
C 6 H B , CHCJ a +CHg , 0O 2 H=0 fl H5‘CHO-f CH 3 'C0C1+HC1 
The acetyl chloride, owing to its much lower 
boiling-point, may bo readily removed from the 
benzaldehyde by distillation. 

Benzaldehyde,. can be prepared by oxidising 
benzyl aniline to benzylidene aniline, which, 
on addition of acids, splits into benzaldehyde 
and aniline. For this purpose 100 kilos, of 
benzyl aniline, and from 500-1000 litres of 
water aro placed in a large retort fitted with an 
agitator; during agitation and boiling the 
following mixture is gradually run in during a 
few hours : potassium or sodium bichromate, 
50 kilos; water, 200 litres, acidulated with 
hydrochloric acid (20°B.), 165 kilos, or its 
equivalent of sulphuric acid ; dilation ensues, 
water and benzaldehyde eommg over. The 
nitrobenzaldehydes may be obtained by sub¬ 
stituting the corresponding nitrobonzylaniline. 
Another method consists in oxidising the salt 
of the benzyls nilino sulphonic acid to the 
benzylidene compound, and then treating it with 
the salt of an aromatic base, followed by hydro¬ 
chloric acid. The aldehyde is formed, and the 
aromatic base can be recovered and used for 
.another operation (Farb. vorm. Meister, Lucius, 
and Briining, Eng. Pat. 10689 and 30118; 
D. R. P. 110173; J. Soc. Chom. Ind. 1897, 
558, and 1899, 36). It has been prepared by | 
passing a current of air charged with the vapour 

iduene through a chamber containing a 
catalyser such as oxide of iron, and heated 
between 150° and 300°. By substituting porous 
cafbon for ©oxide of iron and using a higher 
temperature, benzoio acid may be obtained 
(Chavy, Delage, and Woog, Fr. Pat. 379716 ; 
J. Soo. Chem. Ind. 1907,. 1264; Ipatieff, Ber. 
1908, 993). 


It fyas also been prepared by the oxidation of 
benA^aniline, or benzyl toluidine with chromic 
acid mixture or with potassium permanganate 
solution in acetone (D. R. PP. 91503, 92084; 
Frdl. iv. 129, 131). 

It has also been prepared from phenyl 
magnesium bromide and orthoformic ester 
(Farb. vorm. Fried. Bayer & Co. 1). R. P. 
157573 ; Chem. Zentr. 1905, i. 309). By using 
15 grams of magnesium, 100 grams of bromo- 
benzene, and 60 grams of orthoformio ester, a 
90 p.e. yield can be obtained (Bodroux, Compt. 
rend. 1904, i. 92). Gatternian’s adaptation of 
the Fricdel and Crafts reaction (Annalen, 1906, 
347, 347) has also been employed for the pre¬ 
paration of benzaldehyde. In this prooess 
benzene is condensed with hydrogen chloride 
and carbon monoxide in the presence of alumi¬ 
nium chloride and cuprous chloride, the mixture 
of gases acting potentially as formyl chloride; 
condensation following the usual course (D. R. P. 
126424) 

(+CK !HO=C«H # -CHO 1- HC1 

Schulze (1). R. PP. 82927, 85493)heats benzo- 
trichlonde at 25°-30° with some ferric benzoate 
or finely divided iron, water is then added, and 
the mixture warmed to 90°-95°, when hydro¬ 
chloric acid distils Over. The residue is decom¬ 
posed by nnlk of lime and distilled in a current 
of steam to obtain the aldehyde. 

Owing to the fact that the product obtained 
from the chlorinated derivatives of toluene 
frequently contains cliloro- compounds, methods 
have been devised for the direct oxidation of 
toluene to the aldehyde. Raschig (Chem. Zeit. 
1900, 24, 446) uses manganese dioxide in the 
presence of 6 ( 5 p.e. sulphuric acid at 40°. 300 
kilos of toluene are mixed with 700 kilos sul¬ 
phuric acid, and 90 kilos finely powdered precipi¬ 
tated manganose dioxide are added, the whole 
being violently shaken during the addition, 
and the temperature kept at 40°. After com¬ 
pletion of the action the benzaldehyde and un¬ 
altered toluene are driven over and the aldehyde 
separated in the usual manner (c/. D. R. PP. 
101221, 107722). The Badische Amlin u. 
Soda-Fabrik use nickel and cobalt oxides, as 
oxidants (D. R. P. 127388), whilst the firm 
of Meister, Lucius, und Briining (D. R. P. 
168609) liave suggested the use of cerium com¬ 
pounds. 

By passing a stream of carbon monoxide 
and hydrochloric acid gas (2:1) through ^ 
cooled mixture consisting of equal weights of 
aluminium bromide and benzene, and ^ their 
weight of copper chloride, a solid mass is ob¬ 
tained : this is decomposed by ice water, 
extracted with ether, and fractionated. The 
yield is 85-90 p.e. (Reformatsky, D. R. P. 
126421 ; Chem. Zentr. 1901, i. 1226 ; ii. 1372). 

Benzaldehyde has also been prepared by the 
eleotrolytic reduction of benzoic acid or its salts. 
An electrode of finely divided graphite and 
benzoic acid is employed as the cathode of the 
cell, the anode being of lead or platinum. The 
solution in the coll is 20 p.e. sulphurio aoid, 
saturated with benzoic aoia, the current used 
is 1*5 amp. per sq. dcm., and 12-15 volte 
(Mithack, D. R. P. 123564; Chem. Soc. Abetr. 
1902, i. 291). Mettler (Ber. 1908, 4148) uses a 
sodium-amalgam electrode; and Moest (D. R. P. 
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138442 ; Chera. Zentr. 1903, i. 370) electjolyses 
a solution pf sodium phenylacetate. * * 

A method has been described for purifying 
benzaldehyde by dissolving it in sulphurous acia 
and precipitating the bisulphite compound by 
adding potassium chloride (Chem. Fab. Grei- 
sheim-Elektron, D. R. P. 164499 ; Chem. Zentr. 
1904, ii. 965). 

Other modes of formation. —Benzaldehyde is 
also formed in the following reactions, which, 
however, are not of practical importance. By 
distilling a mixture of calcium benzoate and cal- 
oium formate (Piria, Annalen, 100, 105); by the 
oxidation of benzyl alcohol (Cannizzaro, Ann. 
Chim. Phys. [3] 40, 234); of cinnamic acid 
(Dumas and Peligot, Annalen, 14, 50 ; Harries, 
Bor. 1903, 1296); or of stilbeno (Harries, lx .); 
by the reduction of benzoio acid, either with 
sodium amalgam in acid solution (Kolbe, 
Annalen, 118, 122), or by passing^ its vapour 
over heated zinc-dust (Baevor, Annalon, 140, 
296); by treating toluene with chromyl chloride 
and then with water (Ftard, Ann. Chim. Phys. 
[5] 22, 225); by treating 1 molecule of bcnzal 
chloride with slightly more than 2 molocules of 
acetic acid (Belial, Compt. rend. 148, 179); 
by acting on benzophenoneoxime with phos¬ 
phorus pentasulphiae, and decomposing the 
thiobenzanilide thus formed#with boiling alkali 
and zinc-dust (Cuisa, Chem. Zentr. 1907, i. 28). 

Properties. —Benzaldehyde is a colourless, 
strongly refractive liquid with a pleasant aro¬ 
matic odour, boiling at 179°-180 , and solidi¬ 
fying at —13-5° (Pictet, Compt. rend. 419, 
955 ; Altschul and Schneider, Zeitsch. physical. 
Chem. 1895,24); Bp gr. 1-0504 15 0 /4 0 (Mondeleeff, 
J. 1860, 7). It is soluble in 300 parts of water, 
and miscible in all proportions with alcohol 
and ether. It is non-poisonous, the poisonous 
properties of ordinary oil of bitter almonds 
being duo to the presence of hydrocyanic acid. 
Its magnetic rotatory power has been studied 
by Perkin (J. Chem. Soo. 1896, 1064). 

. Reactions. —Benzaldehyde readily undergoes 
oxidation ; thus it absorbs oxygon from the air, 
forming benzoio acid. The presence of hydro¬ 
cyanic acid protects it from oxidation ; accord¬ 
ing to Dusart (Bull. Soo. chim. 8, 459), it is 
therefore usual to add hydrocyanic acid to 
artificial benzaldehyde. Taken internally, 
benzaldehyde is oxidised in the orglhism, re¬ 
appearing in the urine as hippurio acid and 
benzamide. AqueouB caustic potash convorts it 
jpto benzoio acid and benzyl alcohol 
2C l H 6 *CHO-f KOH=C f H 6 -CO a K -f C t H 6 CH 2 OH 
When warmed with alcoholic potassium cyanide 
it is converted into benzoin 

C < H i ’CHOH , CO , C 4 U 6 

It forms crystalline compounds with the bisul¬ 
phites of the alkali metals ; thus : 

(0 ? H e 0,NaHS0 # ) a H,0 

Under the influence of dehydrating agents, it 
readily undergoes condensation with various 
other substances ; thift when heated with acetic 
anhydride and dry sodium acetate it yields cinna- 
mio aoid. 

C|H|'CHO+0H|C0|H=CgH 8 ‘CH: CH-«0 8 H+H,0 
(Perkin, J. Chem. Soc. 31,389) ; cinnamic acid is 
also obtained from ethyl acetate and benzaldehyde 
(CUiten, Ber. 1890, 976 j Farb. vorm. Meister, 


Lucius and Bruning, D. R. P. 53671; Ber. 
1891, #ef. 180). it oombinls with hydrazine 
to form fcenzalazine C U H 1I N,, which, on dis¬ 
tillation, yields stilbene (diphenyl-ethylene) 
C fl H 6 *CH : CH*C 6 H p . With dimethylaniline in 
presence of zinc chloride it forms the compound 
C l H 5 -CH(C 6 H 4 -HMe a ) t , the leuoo- a base of 
benzaldehyde green which, by oxidation, is 
converted into that colouring matter (O. 
Fischer, Ber. 11, 950). 

When hydrogenated in presence of nickel 
between 210° and 235°, benzaldehyde yields a 
mixture of benzeno and toluene, together with 
their hexahydrides. Under other conditions it 
may bo reduced by the catalytic acti° n 
metals and hydrogen to benzyl alcohol. 

With pyrogallol benzaldehyde forrhs dye¬ 
stuffs of the triphenylmethane series (Hofmann, 
Ber. 1893, 1139), and with chloracetopyrogarlol 
a golden-yellow dyestuff (Kusselkaul and 
Kostanocki, Ber. 1896, 1886). By heating 
benzaldehyde with a little sulphur in a sealed 
tube, stilbene and benzoic acid are formed 
(Barbaglia and Marquardt, Ber. 1891, 1881). 

Derivatives. —The most important derivatives 
are the sulphonia acids, which are the parent 
substances of various dyestuffs (Gnehm and 
Schiile, Annalon, 299, 347). Benzaldehyde o- 
sulphonio acid (Kafa, Ber. 1891, 791 ; Wallach 
and Wlbter, Ber. 1893, 150; Gnehm and 
Schiile, Annalen, 1898, 24; I>. R. P. 88952), 
Benzaldehyde p-sulphonic acid (Farb. vorm. 
Sandoz, D. R. P. 154528; Chem. Zentr. 1904, 
ii. 1209). 

Impurities and adulterations. —Benzaldehyde 
very frequently contains hydrooyanic aoid, 
either originally present or subsequently added 
(v. supra), and benzoic acid, formed by spon¬ 
taneous oxidation. The artificial product gene¬ 
rally contains chlorinated benzaldehydes. Alco¬ 
hol, ethereal oils, and nitrobenzene are some¬ 
times fraudulently added ; the latter substance 
resemblos benzaldehyde in smell. 

In order to test the purity of a sample of 
benzaldehyde, the sp.gr. anci boiling-point should 
first be determined, as both of these are altered 
by the presence of impurities. The substance 
should also dissolve without residue in a solution 
of sodium bisulphite. 

Of the imparities above mentioned, hydro¬ 
cyanic acid may be detected by distilling the 
oil and then testing the first portions of the 
distillate by the Prussian-blue test; chlorine 
compounds, by heating the oil with metallic 
sodium, whon todium chloride will be formed, 
in which the chlorine can bo detected by silver 
nitrate, taking care, however, to distinguish 
between silver chloride and silver cyanide, as 
this latter will be formed if hydrocyanio acid or 
nitrobenzene is present; alcohol, bv the iodo¬ 
form test; and ethereal oils or nitrobenzene, by 
dissolving the sample in sodium bisulphite, 
when these admixtures remain behind. Bour- 
goin (Ber. 5, 293) tests for nitrobenzene in 
benzaldehyde by mixing the sample with*%WhJb 
its volume of caustic potash : if nitrobenzene is 
present, the mixture turns green, and on adding 
water the liquid forms two layers, of which the 
under lay or is yellow and the upper green, 
this latter turning red on standing for some 
hours. • _ . 

Estimation. —The reagent employed consist* 
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Of 1 c.c. of freshly redistilled pbenvlhydrazine, 
0*5 c.c* glacial adctic acid dissolved irf 100 c.c. 
distilled water. The liquid containing the 
benzaldehyde is heated on the water-bath for 
half an hour, set aside for 12 hours, and filtered 
through a Gooch crucible, dried over oonc. 
sulphuric acid, and weighed. Weight of phenyl 
hydrazone* X0*5481 gives the amount of 
benzaldehyde present. Small quantities may 
bo satisfactorily estimated by this method 
(Hlrisscy, «T. Pharm. 1006, 60; Dennis and 
Dunbar, J. Soc. Chom. Ind. 1099, 488). Another 
method consists in estimating benzaldehyde 
colorimotrically with fuchain decolourised with 
sulphurous acid (Woodman and Lyford, J. 
Amor. Chem. Soc. 1908, 1607). 

To "estimate the presence of benzoic acid, 
50 c.c. of the sample are shaken with water 
atld 10 c.c. N-sodium hydroxide, the excess 
alkali being then hack titrated with N-aeid, 
using phenolphthalem as indicator. 
Substitution Derivatives of Benzaldehyde. 

o-Nitrobenzaldehyde. It may be prepared 
by the oxidation of the dimercury derivative of 
o-toluene (Reissert, D. R. P. 186881 * Chem. 
Soc.^Abstr. 1907, i. 1046 ; Kalle & Co., D. R. P. 
199147 ; Chem. Soc. Abstr. 1909, i. 76); by 
the oxidation of o-nitrotoluene with manganese 
dioxide or by passing the vapour of the hydro¬ 
carbon over manganese dioxide heated to 210°- 
250° (Gilliard, Monnot and Cartier, 1). R. P. 
101221 ; Chem. Zentr. 1899, i. 960; Bad. Anil, 
u. Sod. Fab., Eng. Pat. 21947 ; J. Soc. Chem. 
Ind. 1900, 892); by the oxidation of o-nitro- 
toluene with nickel oxide, nickel chloride, and 
hypochlorite (Bad. Anil. u. Sod. Fab., I). R. P. 
127388; Chem. Zentr. 1902, i. 150); by the 
oxidation of o-nitrobenzylaniline (q.v. benzalde¬ 
hyde) ; by the oxidation of o-nitrobenzylalcohol 
and its esters (Eug. Fischer, D. R. P. 48722 ; 
Frdl. ii. 98; Kalle & Co., I). R. PP. 104360, 
106712; Chem. Zentr. J899, ii. 950; 1900, i. 
885); by the hydrolysis of o-nitrobenzaldehyde 
diacetate, which is obtained by the oxidation of 
o-nitrotoluene with a mixture of acetic anhydride, 
acetic acid, and sulphuric acid (Thicio and 
Winter, Annalen, 311, 356 ; Fried. Bayer & Co., 
D. R. P. 121788; Chem. Zentr. 1901, ii. 70); 
or* by the oxidation of the sodium salt of o- 
nitrophenylnifcromethane by potassium per¬ 
manganate at low temperature in aqueous solu¬ 
tion (Soc. Chim. des Usines du Rh6no, D. Ii. P. 
237358) 

3C 8 H 4 (N0 8 )CH: N00Na+2KMn0 4 -j-H.0 
==3C e H 4 (N0 8 )CH0+3NaN0 8 +2Mn0 8 I-2KH0 

Properties.— Large yellow needles, m.p. 46°. 
When treated with acetone and caustio soda it 
yields indigotin (Baeyer, Ber. 15, 2856). With 
methyl- and ethyl-aniline or their sulphonic 
acids it condenses to form leuco-bases of blue- 
green triphenyl methane dyestuffs (Clayton 
Aniline Co., D. R. P. 108317: Chem. Zentr. 
1900, L 1081). 

m «>Nltrobenzaldehyde. It may be prepared 
by dissolving 1 volume of benzaldehyde. in a 
mixture of 5 volumes of fuming nitric acid, and 
10 volumef .of sulphurio acid, precipitating by 
addition of water and recrvstallising from 
dilute alcohol (Widmann, Ber. i3, 678; Bertag- 
nini, Annalen, 79, 260). . 


Properties. —Pale-vellow needles, m.p. 58°. 
It fo^denses with the sulphonic acids of the 
tertiary aniline bases to yield dyestuffs (Kalle & 
Co., D. R. P. 73147, Frdl; iii. 85). 

p-Nltrobenzaldehyde. It is prepared by 
similar methods to those "by which the ortho¬ 
compound is obtained (D. R. PP. 91503, 92084, 
93539; Frdl. iv. 129); by heating p-nitro- 
benzvlaleohol with copper oxide or other 
metallic oxides (Schmidt, D. R. P. 15881 ; 
Frdl. i. 60). 

Properties. —Colourless prisms, m.p. 106°. 
It condenses with benzene and its liomologuos 
by addition of sulphuric acid to fjrm p-nitro- 
triplienylmethane (Stolz, J). R. P. 40340 ; Frdl. 
i. 58); with secondary and tertiary amines to 
| form alkyl- and aryl- derivatives of p-nitro- 
diaininotripheny]methane (O. Fischer, D. R. PP. 
16766, 16707; Frdl.'i. 54); and with the sul- 
phonic acids of tertiary aniline bases (Kalle & 
Co., D. R*P. 73147 ;‘ Frdl. iii. 86). The sul- 
plionjc acid of p-nitrobcnzaldehyde is prepared 
by the oxidation of p-nitrololuene o-sulphonic 
acid, and from it blue and bluish-red dyestuffs 
of the triplienylmethane series are easily obtain¬ 
able (Green and Wahl, Eng. Pat. 21825; J. 
Soc. Chem. Ind. 1898, 915). 2.4 Dlnitrobenz- 
aldehyde has been prepared by Sachs (Ber. 1902, 
35, 1228) by condensing 2*4-dinitrotoluene with 
p-nitrosodiraethylaniline and decomposition of 
the resultant product by acid 


(NOj) a C e H 8 *CH 8 4-NO , C fl ll 4 *N(CH 8 )| 

={N0 8 ) 2 C 4 H 8 *CH=NC 6 H 4 N(CH,) t 

(N0 8 ) a C 4 H 8 *CH=MC 6 }l 4 N(CH 8 ) 8 +H 2 O 

=(N Catcall a ( 'H O -f H 8 NC e H 4 N (CH 8 ) 8 
Cl 

o-Chlorbepzaldehyde ^>CHO. It is pre¬ 


pared by the oxidation of o-chlortoluene with 
manganese dioxide and sulphuric acid (Cillard, 
Monnet et Cartier, D. R. P. 101221; Chem. 
Zentr. 1899, i. 960), by extraction from the 
products of the incomplete chlorination of 
o-nitrotoluene (Kalle <fe Co., D. R. PP. 110010, 
115510 ; Chem. Zentr. 1900, ii. 460, 1168). 

Properties .—It is a liquid, freezing at —4°, 
and boiling at 208° (748 mm.); sp.gr. 1*29 at 
8°. By heating with sulphite it is converted 
into benzaldehyde o-sulphonic acid (Geigy & 
Co., I). Cl. P. 88952; Frdl. iv. 113). It is 
easily condensed with aromatic secondary and 
tertiary amines to yield dyestuffs of the tri- 
phenyime thane group (Geigy & Co., D. R. P. 
94126 ; Chem. Zentr. 1898, i. 296). By sulpho* 
nation, 1:3: 6-chlorbenzaldehyde sulphonio aoid 
is produced, which when condensed with 
secondary or tertiary amines and then oxidised 
yields greenish-blue or blue dyestuffs (Soo. 
Chem. Ind. of Basle, Eng. Pat. 25128; J. Soc. 
Chem. Ind. 1897, 137 ; Gnehm and Schiile, 
Annalen, 299, 347). 

ra-Chlorbenzaldehyde. It is obtained from 
rn-nitrobenzaldehyde by replacing the nitro* 
group by chlorine (Erdmann and Schweohten, 
Annalen, 260, 259; Eicjiengrun and Einhom, 
ibid. 262, 135). It crystallises in prisms, m.p. 
17°, and boils at 213°. 

P-Chlorbenzaldehyde. It is associated ’with 
the ortho- Compound in most preparations, sad * 
may be obtained from the mixture by sulphu¬ 
rating the ortho- compound by treatment, with 
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faming aulphurio aoid (Gesel. f. Chem. Ind., 
D. R. r. 98229; Chem. Zentr. 1898, ii. 74$ ^ by 
nitrating the ortho- compound with nitfric and 
Rulphurio acids, and steam-distilling the para- 
compound (Gesel. f. Chem. Ind., D. R. P. 
102745; Chem. ZeiHr. 1899, ii. 408); by frac¬ 
tional distillation (Farb. vorm. Meister, Lucius 
and Briining, D. R. P. 207157; J. Chem. Soc. 
Abst. 1909, i. 307). It is a crystalline solid, 
melting at 47’5°, and boiling at 213°-214°. 

Of the dichlorbenzaldehydes the 2:5- and 
2:0-dichlor- compounds are the parent sub¬ 
stances of many dyestuffs 2 : 5-dichlorbenzalde 
hyde (Gnehm and Banziger, Ber. 1896, 875; 
Schiilc, Annalen, 299, 34) melts at 57°-5H°, and 
is obtained by the action of antimony penta- 
chlorido on benzaldehyde in the presence of 
iodine. 2 : G-dichlorbenzaldehyde (Anil. Fabw. 
und Ext. Fabrilt., I). It. P. 199943 ; Chem. Soc. 
Abstr. 1908, i. 986). Reduction of the nitro- 
benzaldehydes yields the amino-bcTtzaldehydes, 
of which the most important is the # para- 
compound. This may also be prepared by 
heating p-nifrotoluene with sulphur and sodium 
hydroxide (Geigy, 1). R. P. 86874). Baver & Co. 
(I). R. P. 2183041 separate the amino-benzalde- 
hydes by reducing tlio crude nitro- compounds 
with hot sodium hydrosulphite solution, cooling 
to 50°, and acidification with hydrochloric acid. 
The mixture is then boiled for one minute, and, 
on cooling, tho anhydro-oompound of the o- 
aminoaldchyde. separates, whilst the wf-amino- 
benzaldehyde remains in solution, and can be 
recovered, and hence used for the preparation 
of the w-hydroxy benzaldehyde. p-Dimethyl- 
amino benzaldehyde (CTT 8 ) 8 N*C 6 H 4 *CHO is best 
obtained by Ullmann and Frey’s method (Ber. 
1904, 37, 859), in which p-dimcthylaminobenzyl 
alcohol (from dimethylanilinc and formaldehyde) 
is condensed with p-mtrosodimethylaniline, and 
the resulting compound decomposed by nitrous 
aoid. It crystallises in colourless needles, 
melts at 73°, and is used in the preparation of 
triphenylmethane dyes. 

Hydroxybenzaldehydes (r/.».) Salicylaldehyde. 

BENZALDEHYDE GREEN v. Triphenyl¬ 
methane COLOURING MATTERS. 

BENZALDEHYDE o -SULPHONIC ACID 

SO t H 

^^>CHO * - 

Che most technically important member of the 
group, is obtained by heating o-chlorobenzene- 
aldehyde with an aqueous solution of sodium 
sulphite under pressure at 170°-180°, and 
treating the product with sulphuric acid. When 
the sulphur dioxide is expelled by boiling, the 
cooled liquid is neutralised with sodium carbo¬ 
nate, and the sodium salt extracted with alcohol. 
Or the sulphonic aoid may be converted into 
the sparingly soluble barium salt (Geigy & Co., 
D. R. P. 88952). 

The free aoid is a syrup; the sodium and 
barium salts crystalline in prisms (Gnehm and 
Sohiile, Annalen, 1898, 299, 347). 

The aoid may also be prepared by oxidising 
stilbene disulphonic aoid with potassium per¬ 
manganate (Levinstein, Eng. Pat. 21968, 1897). 

BENZAUlCAOlDr. Amino- acids (aromatic). 


BENZANTHRONE, 



Prepared by heating a mixture of anthranol 
with sulphuric' aoid and glycerol at 120°, 
treating the product with water, washing the 
crude substance with sodium hydroxide solu¬ 
tion, pressing, and drying. May be prepared 
from anthracene by treatment with sulphurio 
acid and glycerol (Liadische Anilin und Soda 
Fabrik, I), it. P. 176019); and by condensing 
anthranol with acotin, or 2-aminoanthrSquinone 
with dichlorohydrin (idem. I). R. P. 2043&1); 
or by heating phcnyl-a-naphthyl ketone with 
aluminium chloride or ferric chloride. For 
other syntheses, v. Schaarschmidt and Korten, 
Ber. 1918, 51, 1074 ; Schaarschmidt and 
GVorgcaeopol, Ber. 19J8, 51, 1082 ; v. Ketones. 

Crystallised from alcohol benzanthrone forms 
pale yellow needles, m.p. 170°. Used in the 
manufacture of indanthrene dyes (see Benzan¬ 
throne Colours, art. Indanthkene). * 

BENZAURIN v. Aurin. 

BENZENE AND ITS HOMOLOGUES. 

Benzene. (Benzol, Benzoic, Fr.; Benzol, 
Ger.) The name of this substance was derived 
in its original form from that of gum benzoin, 
probably as benzoin oleum, hence benzole, which 
latter form is still in use amongst nearly all 
distillers and users of it both in this country and 
on the Continent. In more strictly scientific 
literature, however, the name benzene has now 
become generally accepted, and the systematic 
termination -ene is employed * n the names of 
its various homologues, as toluene, xylene, 
cymcne, &c. 

Pure benzene is a limpid, colourless, highly 
refracting liquid at ordinary temperatures. Its 
sp.gr. at 0°is 0*8991 (Kopp), 0*90023 (Adriaansz), 
and at 15° 0*8841 (Mendelfaff). 

Its refraction index for the D line at 15*2° is 
1 * 1957 f Adriaansz); at 9°, 1 *4593 for A, I *5050 for 
D, 1*5037 for H ( Gladstone); at 8*5°, 1*50381 
for H a (Perkin, Chem. Soc. Trans. 1900, 77, 
273). 

When surrounded by ice it becomes solid, 
and if crystallisation is allowed to take plaoe 
slowly, rhombic crystals are produced, the 
axes of which, a, b, c, are 0*891, 1, 0*799 (Groth). 
The solid melts at 5*483° (Richards and Shipley, 
J. Amer. Chem. Soc. 1914, 36, 1825). 

It contracts on solidification, the difference 
in the specific volume of the liquid and solid 
Vj-v^Lv is between 0*1219 and 0*1304 at 5*35° 
(Heydweiller, Ann. Phys. Chem. 1897, (iii.) 61, 
527). 

It exhibits no absorption lines or bands in 
the visible portion of the spectrum. Beyond 
H, however, photographs show a series of 
four bands covering the region lying btfewoen 
W.L. 3171 and 2190 tenth-metres. The methyl¬ 
ated benzenes, toluene, and the three xylenes 
exhibit a similar absorption, requfting, indeed, 
very careful measurement to distinguish one 
from the other (Hartley, Chem. Soo. Trans. 
1885, 47, 685; Pros. Roy. Soo. 1908, 80, A, 
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J62; Hartley and Dobbie, Chem. Soc. Trans. 
1898, 73, 695; Baly and Collie, ibid. £905, 87, 
1332 ; ' Friederichs, Zeitsch. photochom. 1905, 
3, 154 ; Grebe, ibid. 376; Mies, ibid, 1909, 7, 
357 ; 1910, 8, 287 ; Witte, ibid. 1915, 14, 347; 
Massol and Faucon, Compt. rend. 1918, 106, 
819). 

Benzerte is an excellent solvent, easily dis¬ 
solving caoutchouc and asphaltum, if they have 
not been exposed to light, though the protective 
effect of the light on the asphaltum is but slight, 
and prolonged treatment with benzene causes 
it to dissolve. Nearly all the gum resins, sul¬ 
phur, phosphorus, fats, oils, most of the natural 
alkaloids, and many other organic compounds, 
are soluble in it. It has also, in common with 
carbon,, disulphide, the property of dissolving 
iodine with production of a violet solution. 

t Benzene is itself soluble to a very slight 
extent in water, considerably more so in alcohol, 
whilst ether, glacial acetic acid, acetone, and 
carbon disulphide, dissolve it readily. 

Benzene boils under normal pressure at 
80*36° (Regnault). For benzene from coal tar, 
Adriaansz found 80*53° to 80*62° ; and for that 
obtained from benzoic acid prepared frbm gum 
benzoin, 80*60° to 80*67°; 80*2° (corr.) Thorpe 
and Itodger. Its specific heat at temperatures 
between —185° and +20° is 0*176 (Nordmeyer 
and Bernouilli, Ber. Deut. physikal. Ges. 
1907, 5, 175) and at 94° is 0*4814 (Schlamp, 
Ann. Phys. Chem. 1896, (iii.) 58, 759). The 
latent heat of vaporisation is 94*37 (Griffiths 
and Marshall, Phil. Mag. 1896, (v.) 41, 1) or 
94*93 (Campbell Brown, ('hem. Soc. Trans. 1905, 
87, 265). 

For observations on its thermal expansion, 
see Kopp (Jahr. 1847-1848, 66), Louguininc 
(Ann. Chim. Phys. 4, 11, 465), Adriaansz (Bull. 
Soc. chim. 20, 18T3). 

The vapour when inhaled produces giddiness 
and ultimately insensibility. 

Benzene forms with picric acid the molecular 
compound C e H a (NO a ) 8 OH,C 8 H e , which melts 
with decomposition at 90°. 

Oxidising agents, such as potassium per¬ 
manganate or manganese dioxide and sulphuric 
acid, convert it into formic, propionic, and oxalio 
acids, together with small quantities of benzoic 
and phthalic adds, the latter substances being 
produced by the simultaneous oxidation of 
formic acid and benzene, the process of condensa¬ 
tion resembling that occurring in the conversion 
of dimethylaniline into methyl violet. When 
strongly heated in sealed tubes or when passed 
•lowly thrQugh strongly heated open tubes, con¬ 
densation and decomposition go on together, 
acetylene, diphenyl, diphenylbenzene, &c., 
being formed with evolution of hydrogen and 
deposition of carbon (c/. Smith and Lewcock, 
Ghem. Soc. Trans. 1912, 101, 1453; Zanetti 
and Egloff, J. Ind. Eng. Chem. 1917, 9, 350). 

There can be little doubt that toluene and 
xylenes can also be produced in this way, and 
sinpe Berthelot has shown that toluene and 
■ylrtfc when passed through strongly heated 
tubes can produce anthracene and naphthalene, 
and t sinoe he also obtained anthracene by so 
treating a mix ture of benzene and ethylene, we 
may assume that if benzene is not the mother 
Bttistanoe of the whole series of hydrooarbons 
obtained from ooal tar, «it is yet capable, 


under, proper conditions, of generating all the 

othftrfe. 

Vapour of benzene mixed with hydrogen 
passed over finely divided nickel heated to 
170°-190° yields cyolohexane C g H lt . The homo- 
loguos of benzene behave similarly. 

By passing dry ammonia through benzene 
containing calcium shavings a calcium-ammonia 
compound Ca(NH 8 ) 4 is formed, which with the 
benzene produces dihydrobenzene C # H S : 

Ca(NH 8 ) 1 =Ca(NH a ) a +2N 8 H+H 1 

H a 4-C 6 H 8 =C 8 H 8 

(Dumanski and Zvereva, J. Russ. Rhys. Chem. 
Soc. 1916, 48, 994). 

When chlorine acts on pure benzene in 
sunshine, benzene hexachloride C fl H 8 Cl a is 
formed. The substitution of chlorine for 
hydrogen in the nucleus or benzene ring is a 
very slow operation if chlorine alone is used, but 
if in every litre of benzene about 10 gramB of 
iodine are dissolved; and the liquid kept boiling 
while a brisk current of chlorine is passed into 
it, substitution readily takes place and chlori¬ 
nated benzenes are produced. The reaction 
may be continued until the whole of the hydrogen 
is replaced with production of hexachloro- 
benzene C e Cl 8 . (For the electrolytic chlori¬ 
nation of benzene,and toluene, see Name and 
Maryott, Amer. J. Sci. 1913, (iv.) 35, 153; 
Fichter and Glantzstein, Ber. 1916, 49, 2473). 
Corresponding bromine and iodine compounds, 
and mono- and p-di-fluoro- derivatives are 
known. 

When subjected to the action of strong nitric 
acid or a mixture of nitric and sulphuric acids, 
substitution of hydrogen by NO a takes place with 
great ease. If the mixture is kept cool only 
mononitrobenzene is formed, but if heated, 
the three dinitrobenzenea are produced, the 
metadinitro- product (m.p. 89°) always greatly 
predominating. The ortho- and para- com¬ 
pounds can only be produced in quantity by 
indirect methods. Trinitrobenzenes can only 
be obtained by the action of a great excess of a 
mixture of nitric acid and fuming sulphuric aoid. 

All the nitro- compounds on reduction with 
appropriate reagents, such as iron, zinc, or tin, 
in the presence of acid, preferably hydrochloric 
and water, yield amino- compounds corre¬ 
sponding *with the nitro- compound reduced. 
Such are aniline C 8 H B *NH 8 , the three dia- 
minobenzenes or phenylenediamines 
C 8 H 4 (NH a )„ &c. 

The amino- compounds, by the aotion of 
nitrous acid or nitrites in the presence of an 
excess of acid, preferably hydrochloric, are 
converted into diazo- compounds. If a diazo. 
benzene salt, e.g. C e H 6 *N a Cl, is dissolved in 
absolute alcohol, and the solution heated, the 
nitrogen is evolved as gas whilst benzene is 
regenerated. If a diazo- salt is dissolved in 
water and boiled in the presence of an acid, 
nitrogen is also evolved and the corresponding 
phenol is produced. 

The diazo- compound react with oertain 
amino- compounds or phenols, giving rise to the 
almost innumerable series of dyes known ae azo- 
colouring matters (?.v.). Solutions cooled with 
ioe should bfe employed, and all rise of tempera¬ 
ture must be oarefully avoided. Under proper 
conditions some diazo- compounds, however. 
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attack the amino- group of amino- compounds, 
forming diazoamino- compounds such as ai^zo- 
nminobenzene C fl HyN : N’NH'CgHj. Thele can 
be made to undergo an isomeric change resulting 
in the formation of what are known as aminoazo- 
compounds, of which Vminoazobenzene 
C 8 H 6 -N: N'C 6 H 4 NH 8 

is a typical example. Such substances, when 
treated with a reducing agent, split up into an 
amine and a paradiamine, while diazo- com¬ 
pounds yield hydrazines only, and diazoamino- 
compounds a mixture of a hydrazine and an 
amine. 

If the nitro- compounds are submitted to the 
action of alkaline reducing agents in alcoholic 
solution, such as a mixture of zinc-dust and 
alcoholic Boda, the reaction takes a different 
course altogether. The action of alcoholic soda 
and heat alone will convert mononitrobenzene 
into azoxvbenzene C 8 H 6 N : N*C c H 6 ; this, by 



nascent hydrogen, is converted into azobenzene 
0 # H 8 *N: N'Gjllj, which under the action of the 
Bame reagent is still further reduced to hydrazo- 
benzene C 8 H 6 'NH'NH-0 8 Tf 6 . The latter, when 
treated with an acid, is converted into a salt of 
benzidine (paradiammodiphepyl) 
NH 2 0 8 H 4 -C fl H 4 ND 2 

which is a stiongly basic compound isomeric 
with hydrazobenzene. 

When heated with concentrated sulphurlo 
acid or treated in the cold with solutions of 
sulphur trioxide in fiulphurio acid, sulphonic 
^acids arc produced by substitution of HSO s for 
hydrogen. These are either mono-, di-, or poly- 
eulphonic acids, according to the treatment 
adopted. They are all powerful acids, and 
form well-defined and generally well-crystallised 
Balts with sodium, potassium, and ammonium, 
and equally definite, though less easily crystal¬ 
lised salts with calcium, barium, copper, iron, 
etc. These, especially the sodium or potassium 
salts, if fused with cauatio potash or soda, or 
heated under great pressure (40 atmospheres) 
with aqueous soda or potash, are decomposed 
with production of a sulphite of the alkali metal, 
and conversion of the benzene residue into 
the corresponding hydroxy- or pheriblio com¬ 
pound. 

Only the methyl homologues of benzene will 
be considered here, as these are the chief ones 
$hich oocur in coal-tar. 

The monomethyl derivative is known as 
toluene, and under all treatments behaves as a 
completely homogeneous substanoe. 

The dimethyl derivative is known as xylene, 
the substanoe of that name occurring in coal 
tar, which occurs as three isomeric compounds : 
Orthoxylene, boiling at 341°-142°, whioh, when 
gently oxidised with weak nitrio acid, gives a 
toluio acid melting at 102°; metaxylene, boiling 
at 139°, whioh gives a toluio aoid melting at 
106°; paraxylene , mating at 16°, and boiling 
at 138®, giving a toluio aoid melting at 178®. 

Each of these different xylenes is, however, 
absolutely identical in percentage composition, 
and this isomerism is considered td be due to 
tiie configuration of the molecule, or, in other 
words, to the positions in space occupied rela¬ 


tively to each other, and to the benzene residue, 
by the tavo substituting*molecules. 

This iqethod of regarding the constitution of 
benzene and its innumerable series of deriva¬ 
tives is usually, for purposes of discussion, in¬ 
vestigation, or explanation, represented by 
drawing a hexagon to represent the molecule of 



benzene, the six angles representing the six 
groups of CH at any of which substitution is 
supposed to take place. Since only one mono¬ 
substitution compound of a given kind (t.e. con¬ 
taining a given substituting group) is known, all 
the six CH- groups in benzene are supposed to be 
of equal vaiuo. The fact that disubstitution 
compounds exist in three distinct isomeric modi¬ 
fications (compare the above-mentioned xylenes), 
is explained in this schemo by the following 
suppositions as to the relative positions occupied 
by the substituting groups. First, substitution 
is supposed to take place at two adjacent angleB, 
e.g. 1 and 2, 2 and 3, 4 and 6, &o., in which 
case the word ortho- is prefixed to the name of 
the substance, as 'orthodimethylbenzene ^com¬ 
monly called orthoxylene), or orthodiohloro-, 
orthodibromo-, or orthodiamino-benzene, etc. 
Or the substitution is supposed to take place at 
two angles not adjacent, but with one inter¬ 
posing, as at 1 and-3, 2 and 4, or 1 and 5, etc. 
In this case the product is indicated by the prefix 
meta-, as metadimethylbenzene (commonly 
called metaxylene, &c. Lastly, the substitution 
is supposed to take place at opposite angles, Buch 
as 1 and 4, 2 and 5, 3 and 6, eto. In such a case 
the substance is known as a para- compound, &i 
paradimethylbonzene.or paraxylene, paradinitro 
benzene, etc. • 

This theory is due to Kekule', and satisfac¬ 
torily agrees with most of the phenomena. 
(For a risumi of work on the constitution of 
benzene, nee Kauffmann, Chem. Zeitschr. 4, 
289; Holleman, Chem. Weekblad, 1915, 12, 
440.) 

Toluene and xylene generally reaot under 
similar conditions in the same way as benzene, 
producing a similar series of compounds. Sinoe. 
however, toluene itself is a mono- substituted 
benzene, mono- substituted toluenes are really 
di- derivatives of benzene. For instance, there is 
but one mononitrobenzene, but there are three 
mononitrotoluenea. There are three dinitro* 
and three diamino- benzenos, but there are six 
dmitrotoluenes and six diaminotoluenes, and 
bo on. 

v It is to be borne in mind that in all substi¬ 
tution derivatives higher than the di- substitution 
series, the number of possible modifications is 
greater when the substituting groups are dis¬ 
similar than when they are all alike; thus, 
although there are only three isomeric tri- substi¬ 
tution oompounds of the formula C S H,X'| or 
C 8 HjY'„ there are six such compounds of the 
formula C 8 H 8 X' t Y\ m 

It follows that the xylenes being di- deriva¬ 
tives, their mono- are tri- derivatives of benzene, 
and consequently correspond in ffumber with 
the di- derivatives of toluene. 

The introduction of the methyl group, more¬ 
over, permits of anether kind of substitution 
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which gives rise to a totally different class of 
* compounds froip thot£ described above as oon* 
figurational isomerides, in which substitution 
takes plaoe not in the benzene nucleus, but in the 
methyl group itself. Such substitution is said to 
be extra-nuclear. 

Thus, as mentioned above, there are three 
substances having the formula C 8 H l0 known as 
ortho-, meta-, or para-xylene. Those isomerides 
are represented as dimethylbenzenes of the 
following configurations:— 



Jjut there is another C 8 H l0 only known to occur 
in one form, and always behaving as a mono- 
derivative of benzeno; this isethylbenzene 

CH a -(TT a 



vfust as in this case a methyl group has been 
introduced into the methyl instead of into the 
nucleus, so chlorine, bromine, &e., may be in¬ 
troduced, and in this manner such compounds 
as benzyl chloride the di- or tri¬ 

chloride, bcnzaldehyde, and many others are 
formed. 

The physical properties of toluene greatly 
resemble those of benzene. As solvents, there 
is little or no difference in their powers, and 
though the boiling-point of toluene is so much 
higher than that of benzene, yet in a current of 
air at ordinary temperatures it evaporates nearly 
as quickly. 

Toluene is a colourless limpid liquid which 
solidifies at —94*2° (Ladenburg and Kriigel, 
Ber. 1899, 32,1818) or -97° to -99° (Archibald, 
and McIntosh, J. Amer. them, Soc. 1904, 26, 
305). Its specific gravity is less than that of 
benzene, being at 0° 0*882, at 15° 0*872, its 
index of refraction at 25*5° is for A 1*4709, 
D 1*4794, H. 1*5090 (Gladstone and Bale), at 8*5° 
for Ha 1*49891 (Perkin). 

-■ Toluene boils constantly at 111°, 110*56° 
(corr.) (Thorpe and Rodger); the vapour has 
much the same physiological effects as that of 
benzene, but its odour is decidedly less pleasant. 
If ingested into the stomach, it is eliminated 
in the urine as hippuric acid. 

Of the three xylenes the rnota- is chiefly used 
in commerce. Orthoxylene boils at 141°-i 42° 
144*07° (corr.) (Thorpe and Rodger). Metaxy¬ 
lene boils at 139°, and its specific gravity is 
0*8668 at 19°, 138*8° (corr.) (Thorpe and Rodger); 
ip.gr. 0*8812 (Pinette). Paraxylene boils at 
138°, and at 19° its sp.gr. is 0*8621, 138*23° 
(corr.) (Thorpe and Rodger); sp.gr. 0*8801 
(Pinette). The two former are liquid at all 
temperatures down to at least —20°, but para- 
«yla*e becomes solid when exposed to a freezing 
mixture, and when onco frozen it only melts 
at,l6°. ' 

The xymnes are distinctly less volatile than 
toluene and benzene in an air current. The 
smell of the vapours is unpleasant and pungent, 


and they possess the power of producing un- 
capaciousness when inhaled. 

Both benzene and toluene when prepared 
from coal tar are accompanied by sulphur com¬ 
pounds known as thiophene. That derived from 
benzene, no doubt by the'action of sulphur from 
the pyrites of coal at a high temperature during 
distillation in the gas retort, is represented by 
/S\ 

the formula t‘ 4 H 4 8 or j' \ 


It was isolated in 1882 by V. Meyer, who 
obtained by constant and repeated agitation 
with sulphuric acid about 2 kilos from 2000 
kilos of commercial benzene. It is a colourless 
liquid, boiling constantly at 84°; sp.gr. at 15° 
1*100. Jn many of its reactions it behaves 
exactly like benzene. V. Thiophen. 

Two thiotolens corresponding with toluene, 
t.e. being methylthiophen, are known. They 
both boil at about 113°, sp.gr. 1-0194. The very 
rainvto quantity in which those substances oocur 
ronders them of no industrial importance, even 
as impurities. 

Benzene was first isolated by Faraday in 
1825, in the liquid separating from condensed oil 
gas. 

It is unnecessary hero to describe the pro¬ 
cesses by which <Mitschcrlich, D’Arcet, Kopp, 
and many others obtained benzene, as the first 
practically industrial process was that of Mans¬ 
field, founded entirely at first on Faraday’s, and 
dealing with a similar product as the source, 
namely, coal tar (Mansfield, Quart. Jour. Chem. 
Soc. 1848, 1, 244). Mansfield took tho lower 
boiling portion of coal tar, which was then used 
under the name of naphtha for lighting purposes* 
and distilled it over a flame in a stiff provided 
with a jacl&ted head and a simple form of 
dephlegmator made by connecting the upper 
part of the condensing worm with tne stiff body 
by an inclined tube. The water in the jacket 
round the long egg-shaped head partially con¬ 
densed the vapours rising from the boiling fluid 
until it reached a temperature of 100°, when those 
vapours condensable at that temperature were 
alone affected and returned to the still, those 
requiring a lower temperature passing on to the 
worm, and being condensed and collected. Much 
of tho spray carried upward by the vapours was 
stopped lh the head, and what passed it and was 
condensed in tho connecting tube between the 
stiff head and the worm flowed into the inclined 
tube, and found its way back to the body of tke 
still. Finally, when nothing more could pass 
the boiling water in the jacketed head, this in¬ 
clined tube, on a oock being fully opened, whioh 
during the first part of the process was partially 
closed, could be made use of to distil over the 
higher boiling portions. 

Such an apparatus could, of course, only effect 
a rough separation of the oil into a * benzol ’ 
mainly distilling below 100° and a ‘naphtha/ 
most of which would not distil below 100\ 

If, however, the water of the water jacket 
round the head were carefully kept at a stated 
temperature, say 80°-82°, a much purer product 
could be obtained. For some years the process 
was only carried out with the objeot of getting 
oils for the' Read Holliday lamp, and for the nee 
of rubber manufacturers. 
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The early demands for ‘benzol’ for use in 
the aniline colour industry were oonfined to 
what were knowi^as 30 p.o., 50 p.c., and 90 p.o. 
benzols 6 , which terms were understood to mean 
that 30, 50, or 90 p.c. by measure of the sample 
boiled below 100°. Of these the 30 p.o. was 
mainly used for the production of aniline for red, 
and the 90 p.c. for aniline for blue. Mansfield 
had, however, subjected his distillates to a care¬ 
ful' but most laborious fractionation in glass j 
retorts, finally obtaining perfectly pure benzene j 
by recourse to freezing and pressure, and ho ! 
pointed out that * it is evident that any of the 
summary processes of rectification which are 
practised by distillers in the manufacture of 
alcoholio spirits are applicable to the separa¬ 
tion of benzole from the less volatile fluids of the 
naphtha ’ (Reports of the Royal College of 
Chemistry, 1849, 257). 

< Mansfield, in fact, in the remarkable paper 
just quoted, laid the foundations of the whole 
benzene industry, and his processes with 
scarcely a change are in use to this day. The 
departures from them have been one by one 
abandoned in favour of his method of absolute 
separation of the light oils into their consti¬ 
tuents, and it is not too much to say that had it 
not been for his terrible death 1 in February, 
1855) we should have had the pure hydrocarbons 
in the market many years ago. 

The introduction of tho aniline black printing 
processes and other improvements in the dyo 
industry, however, slowly gave rise to a demand 
for a purer benzene, while later on a demand for 
toluene and xylene stimulated the improvement 
of the distillation process. 

The movement was naturally, as Mansfield 
had suggested, towards the use of such a still 
as had been introduced by Mr. Colley in his 
patent of 1832 and subsequently carried to groat 
efficiency by succeeding generations of spirit 
distillers. Coupicr of Paris appears first to have | 
worked on a large scale in this direction about i 
1863. He modified the original Mansfield appa-1 
patus in the way mentioned above, and showed 
that at one operation he could separate ordinary | 
50 p.c. commercial benzol as follows:— 


100 litres yielded: 

44 litres between 80° and 82° ( 4 Pure benzol ’) 


6 
* 17 
5 
9 

13-14 


82° 

110 ° 

112 ° 

137° 

140° 


110° (Crude toluol) 
112° (‘ Pure toluol ’] 
137° (Crude xylol) 
140° (‘ Pure xylol ’) 
150° last runnings. 


In addition there were about 6 litres between 
62° and 80°, consisting of various impurities 
such as oarbon disulphide, acetonitrile, otc. 

Vedle, Savalle of Paris, and others followed 
with various improvements in the same direc¬ 
tion, Savalle being most generally considered to 
have produced tne best still, though it had 
two great drawbacks, viz. it was manufactured 
of copper, which made it very costly, and it was 
hampered, as far as its condensation arrange¬ 
ments were concerned, by an expensive and 
ug&leas attempt to use air from a fan 
anven by steam as a means of cooling the 
condensers. 

»i i 

c 

1 Mansfield was burned to death by the bulling over 
of a benzene still. # 


The latter attempt was soon given up. In 
Fig. jl (p. 573) is seen the apparatus in its 
latest form as made 
by t&e Metallwerke 
vormals T. Aders, of 
Magdeburg-Neustadt. 

The still being 
charged with the 
proper quantity of 
naphtha or crude ben¬ 
zol, which has under¬ 
gone tho necessary 
washings with sul- 
huric acid and sodium 
ydroxide, steam iB ad¬ 
mitted into the coils, 
where it circulates, the 
condensed water escaping through another tube in 
tho usual fashion. As soon as the liquid begins 
to boil, tho vapour ascends into the head a and 
passes through the curved tube a' into the bottom 
of the column b. This contains 25 to 30 flat 
diaphragms, each plercod with a number of small 
holes, and one larger, into which is fitted a short 
wide overflow tube, tho end of which stands up 
about 2 inches abovo the level of the plate. On 
the opposite side of the plate is a small depression 
about 2 inches doep and 4 inches in diameter, into ► 
which tho overflow tul>e from the plate above 
dips, its own tube pipping in the same wav into 
a depression in the plate below. The condensed 
fluid acts to each overflow tube as a trap (Fig. 2), 
and prevents the ascent of vapour through it. 

Tho rising vapour condenses rapidly on those 
plates, and the fluid thus produced, unable to 
penetrate tho small holes through which tho 
hot vapour is rushing, rises to the brim of the 
overflow tube, and then pours down from plate 
to plate into the still body. The n on-con¬ 
densed vapour rises through the perforations 
of the next plate, where it undergoes a similar 
operation, and so on to the top, the vapour 
passing away from which has thus beon succes¬ 
sively washed by bubbling through some thirty 
layers of fluid, each slightly cooler than the one 
beneath. Finally, the vapour passes through a 
surface or multitubular condenser, c, which is 
providod with a water supply so regulated that 
its temperature is about that of the boiling- 
point of the liquid required. The liquid here 
condensed flows back into tho column at a suit¬ 
able poinf, while the now purified vapour passes 
on to the second condenser, d, and is finally com¬ 
pletely condensed into tho liquid form. Thence 
it flows into the glass vase E, whioh is fitted on 
to a stand-pipe communicating with the di§- 
tributing-pipos which convey it to the store 
tanks. The fractions taken should now boil as 
follow's: Benzene, 80*; toluene, 110°; xylene, 
140°. 

If pure products are required, eaoh fraction 
is washed with concentrated sulphuric aoid, 
and a washing with soda solution follows. 
The fraction is introduced into a cast-iron 
vessel provided with a lid with manhole and 
inlet pipe. Through the centre passes a vertical 
shaft rotated by mitre geared wheels. Tlfe shaft 
is provided with arms so arranged that Hie con¬ 
tents can be thoroughly churned up. A good 
form of apparatus is seen in Fig. 3. The details 
need no description exoept to point out that Hie 
screws used to force the fluids through the two 







BENZENE AND ITS HGMOLOGUBk 576 


vomiting tubes a and a' should be set on the 
shaft with their helices reversed right anc^ left, 
so that the lower one causes the lower fluid to 
rush up, and the upper one the upper* fluid 
to rush down; they thus cause the two currents 
to meet together violently and thoroughly 
mingle. The centro fchaft may also consist of 
an Archimedean screw or of a truncated hollow 



Fig. 3. 


cone. Air agitation is not advisable on account 
of the loss of benzol which it is apt to cause. 

If the fraction is of fairly good quality and 
has been properly separated frojp the crude 
benzol or light oils, the amount of acid required 
need not be more than one-twentieth of its 
weight. In some cases, however, where the 
impurities are difficult to remove, more must 
be used, and the operation repeated. After 
the acid has been run off, a washing with enough 
soda solution to neutralise excess of acid and 
remove traces of phenols follows, and the frac¬ 
tion is then ready for a second rectification. 

If crude naphtha has been used to charge 
the still, it will have yielded, inter alia , 50 p.c. or 
90 p.o. benzol according to requirements. On 
redistill&tion, 100 parts of the former should 
yield 45-48 parts of pure benzene, and from 
100 parts of the latter 70 parts of pure benzene 
should bo obtained. 

When re-rectifiod, the benzene and toluene 
should eaoh distil constantly within 0-5® and 
1 *0° respectively, and the xylene within 2°. 

The treatment for obtaining toluono is exactly 
the same aB that described for benzene, the 
toluene following the benzene from the crude 
benzol still and being subsequently re-rectified. 
Toluene is also accompanied by the correspond¬ 
ing thiophen (thiotolen), and requires very 
careful and thorough washing with sulphuric 
acid, or it cannot be properly nitrated. 

After the separation of the toluene, more or 
Iobs crude xylene is obtained, and the residue 
in the still is then cooled and run out. When 
good crude benzol has been worked,^he residue 
contains a very large quantity of naphthalene, 


which separates from it when oold, and is known 
in the works as ' naphthalene salts.’ As it h&% 
all been brought off from the tar at a low tem¬ 
perature, i$ is extremely free from higher*boiling 
substances, and very pure naphthalene can be 
obtained from it with little trouble. Of the 
rest, some 20-30 p.c. consists of phenol, to 
which the same remarks apply. The remaining 
third consists of a mixture of hydrocarbons 
from which some more xylene could no doubt 
be recovered, but the bulk of this ‘ dead oil,’ as 
it is often called, is used for burning. Meta¬ 
xylene can be prepared from the purified mixod 
xylenes bv agitation with sulphuric acid, as 
described for benzene and toluene, to remove the 
thiophens, when a subsequent treatment with 
its own weight of sulphuric acid converts the 
metaxylene into a sulphonio acid, uhicji after 
separation from the insoluble portion is hydro¬ 
lysed, and metaxylene of great purity obtain^. 

Benzene, id is stated, is termed "by passing 
the vapour of petroleum mixed with hydrogen 
through a tube containing a suitable catalyst— 
iron, copper, zinc, nickel, &e.—at a temperature 
between 180° and 300° (Eng. Pat. 17272, 1913; 
20470, 1913 ; 2838, 1914). 

Benzene and toluene may be obtained by 
the demethylation-or ‘cracking* of the higher 
benzenoid hydrocarbons. The optimum •tem¬ 
peratures for the production of benzene and 
toluene are respectively 800° and 750°, the 
solvent naphtha containing the higher hydro¬ 
carbons being passed through a heated steel tube 
under a pressure of 11 atmospheres. About 
25 p.c. of the solvent naphtha is demcthylated, 
the percentage yields of benzene and toluene 
at the foregoing temperatures being 15*9 and 
20*6 respectively (Egloff and Moore, J. Soo. 
Chcm. Ind. 1917,30,128; Cl. T. Morgan, Report 
for 1917, J. Noc. (,'liem. Ind.). 

Valuation of Commercial ‘ £ure Benzol —As 
stated above, tho whole should boil within 0T>° 
of the correct boiling-point. It should give no 
crystalline precipitate on standing with a few 
drops of phenylhydrazine (test for carbon 
disulphide). When shaken with concentrated 
sulphuric acid tho latter should be only slightly 
darkened (thiophen or aliphatic hydrocarbons). 
On shaking with sulphuric acid and a trace of 
isatin, no blue colouration should be produced 
(thiophen). On treatment with a mixture of 
nitric and sulphuric acids, and subsequent dis¬ 
tillation in a current of steam, no unnitrated 
hydrocarbons should be obtained (aliphatic 
hydrocarbons). Lastly, it should solidify when 
cooled below 0°. 

Pure toluene of commerce should not impart 
any colouration to sulphuric acid when shaken 
with it. On shaking 90 c.c. of toluene with 
10 c.c. of nitric acid (sp.gr. 144) in a Btoppered 
bottle, the acid should assume only a red colour, 
and remain quite clear and bright, not turning 
greenish or blackish. (For much information as 
to the commercial valuation of ‘benzols,’ see 
Lunge, Coal Tar and Ammonia, 5th ed. 1916; 
and Northall-Laurie, Analyst, 1915, 40, 384; 
James, J. Soc. Chcm. Ind. 1910, 35,^36: 
Spielmann and Jones, ibid. 911; 7917, 36, 489; 
Spiel maim and Wheeler, ibid. 396; Edwards, 
ibid. 587 ; Wilson and Roberts, J. Gas Lighting, 
1916, 134, 225;. Harker, J. Roy. Soc. New 
South Wales, HIlO, 50, 99 ; Egloff, Met. and 




A> Mixed-acid pan. 

B, Compressed-air pipe. 

C, Sulphuric acid inlet. 

D, Nitric acid inlet. 

E, Acid-vapour pipe. 

-f, Nitrobenzene pan. 


O, Thermometer. 

H, Propeller airitator. 

J, Lead cooling-ooils. 

K, Supporting grids. 

L, Cooling-water outlet. 

M, do. do. do. 


pended from the lid on ball bearings, and carries- 
two propellor agitators. The internal cooling 
pip$s consist of two separat e coils of thin lead 
% inohes diameter, each coil being about 
160 feet long. They are supported on circular 
oaat^ron grates or tables, as shown. The coils 
are* spaced out so as to allow free passage of 
the liquid between them. To deject the upward 
flow of the liquid, the lower propellor agitator is 


N, Cooling-water Inlet. T, Nitrobenzene pipe. 

O, l)o. do. do. U, Compressed-air pipe. 

P, Compressed-air pipe. V, Waste-acid pipe. 

Q, Water inlet. W, Pipe to N. B. tank. 

R, Nitrobenzene washpan. X, Air-pressure egg. 

S, Pipe from egg. 

surrounded by a east-iron cylinder with large 
perforations at the bottom to admit the descend¬ 
ing liquid. This serves also a3 a support for 
-he grates and coils. Fire hundred gallons of 
pure benzol are iir&t run by gravity into the 
machine. The acid-m ixin g tank, which stands 

, ^hem. Trade J our. 1906, 88, 69. The witter is 

indebted to Messrs. Davis Bros, for permission to 
reproduce the sketch of the apparatus. 
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above, is charged with 5000 lbs. of nitric acid, 
1*43 sp.gr. or 86°Tw., and 6600 lbs. of sulphqrio 
acid of 96 p.c., and these are thoroughly mixfcd by 
air agitation, In some factories the acids are 
mixed in the above proportions in large stock 
tanks. The mixed acid is run in a thin stream 
into the benzol, while the agitators aro revolving 
at a speed of about 60 revs, per minute. The 
heat of the reaction is indicated on a long 
thermometer suspended in a metal tube, which 
passes through the lid and dips into tho liquid. 
The temperature is kept below 60° by checking 
the flow of acids if the temperature rises. With 
a good supply of cooling water passing through 
the coils, very little attention is roquired, and 
the process, which a few yoars ago was attended 
with danger and frequent loss, is now carried 
on almost automatically. This is principally 
owing to tho purity of the benzol employed, and 
the use of internal cooling coils in place of the 
outside water-jacket. 

It is important that the poils should be of 
pure chemical lead, without flaw, and before 
being used, they should be examined minutely. 
Some of these coils have been known to work 
nearly 4 yoars continuo'usly. Tho vertical 
portions, connecting the coils with the exterior, 
should be protected, as these are quickly 
attacked. This is done by ‘ threading ’ thorn 
through lead pipos of slight!/ larger diameter, 
and filling up tho intervening space with any 
acid-proof cement. After the full charge of 
mixed acids has beon run into the machine, 
the agitation is continued for about 4i hour:;, 
and the benzol will then be completely trans¬ 
formed into nitrobenzol. If a sample is then 
taken while the agitators are running, and 
allowed to settle, the weak sulphuric (called 
waste acid) will contain less than 1 fl.c. of nitric 
acid, and the upper layer of nitrobenzol will 
have a sp.gr. of 1-235. The agitation is then 
stoppod, and tho contents of tho machine 
allowed to settle for 5 hours. The * waste 
acid,’ having settled to the bottom, is run off 
into the air-pressure egg below, and blown to 
tho sulphuric acid concentrating department to 
be rectified. The nitrobenzol is next run off 
into the air-pressure egg and blown into tho 
washing pan above, where it is washed by 
violent air agitation with an equal volume of 
water containing sufficient sodium hydroxide 
to neutralise any trace of acid left in it. After 
settling a few hours the nitrobenzol settles to 
the bottom, and is run down into the air-pressure 
egg, and forced from there into a largo store tank, 
wnioh is set at a high level, so that the contents 
oan run by gravity to the aniline machine. 
The wash-water, which oontains a little nitro¬ 
benzol in suspension, is run into a series of 
settling tanks, and the oil recovered. Although 
it is possible to work a charge of benzol in each 
machine daily, it is customary to have a duplicate 
set of machines, and to work each machine on 
alternate days. For an output of 150 tons of 
pure aniline oil per month, six nitrobenzol 
machines are required, with their corresponding 
adjuncts, as shown in the figure. The yield of 
nitrobenzol frqm the pure benzol employed is 
154$ p,*o. by weight, and this approaches so 
near the theoretical yield, viz. 157-6 jj.c., that 
there is little room for improvement. It is 
possible slightly to increase this yield by 
Voi. I.—2*. 


settling the waste acid for 48 hours in a series, 
of tanks, and skimming off # the nitrobenzol, 
but in practice it has not been found \o pay 
for the trouble, especially if the previous separa¬ 
tion be carefully watched. 1 Several plants 
have been proposed for the continuous process 
of nitration of benzene, the hydrooarbon and 
nitrating acid being led into the apparatus at 
certain points and the nitrobenzene emerging 
at another (see Cam, The Manufacture of 
Intermediate Products for Dyes, Macmillan, 
1918). 

For a cryoscopic method of determining 
nitrobenzene in commercial nilrobenzenes, see 
Simpson ami Jones, J. Xoo. Chem. Ind. 1919, 

38, 325; Analyst, 1919, 379. 

When tho nitrobenzol is to be s^ld as 
‘ myrbane,’ it is distilled under diminished 
pressure in order to obtain a perfectly clear aq^l 
transparent liquid such as the users of myrbane 
demand. It is customary to use toluene im¬ 
perfectly freed from benzene for this purpose, 
that article being cheaper and yielding a some¬ 
what more fragrant myrbane than benzene alone. 

The treatment adopted with toluene and 
xylene is in all essontial particulars the same as 
with benzene. In -the former case, however, if 
tho nitrotoluene is not employed direct,* the 
produot is separated into p- ami o-nitrotoluene 
by fractional distillation under diminished pres¬ 
sure through a Savalle column. The distillation 
is stoppod when 40 p.c. has distilled, and tho 
distillate on redistillstion gives nearly pure 
o-nitrotoluene (b.p. 233°). The residue on 
cooling deposits crystals of p-nitrotoluene 
(b.p. 238® ; m.p. 54°), which are freed from 
oil by centrifugating. 

(For tho estimation of o- and p -nitrotoluene, 
see Rovcrdin and De la Harpe, Bull. Soc. chim. 
1888, (ii.) 50, 44; Glasmann, Ber. 1903, 36, 4260 ; 
Chom. Zoit. 1904, 28, 187 ; Hofleman, Proc. K. 
Akad. Amsterdam, 1904, 7, 395; Rec. trav. 
chim. ^908, 27, 458.) 

Dmitrolenzene and dinitrotoluene are obtained 
by treating a charge of the hydrocarbon with 
double the proportion of tin* mixed acids, the 
operation being carried out m two stages, and 
the second charge of acids run in directly after 
the first. The oooling water is shut off and the 
temperature allowed to rise rapidly. Or nitro¬ 
benzol already manufactured may be taken 
and again treated with the necessary acid. 

The product of the reaction is separated from 
the acid as usual, and then thoroughly washed 
with cold, and lastly with hot, water. As 
dinitrobenzene is sensibly soluble in the latter, 
the hot wash-water had better always be pre¬ 
served and used for first washing a subsequent 
batch. Finally, it is allowed to settle, and, 
while still warm, run out into iron trays, in 
which it solidifios in masses 2 to 4 inches thick. 
The principal product of the roaotion is meta- 

1 Benzene may also be nitrated by ustng sodium 
nitrate instead of nitric acid. For example: 85 kilos, 
of benzene and 115 kilos, of sodium nitrate are mixed 
at. 60°-80°, and 150 kilos, of 90-96 p.c. sulphurlo^cid 
added slowly. The temperature lises to about TOO®, * 
when 65 kilos, of benzene are added, and when the 
nitration Is complete the lower layer of bisulphate 1 b 
drawn off. The yield is stated to be 150-164 kilos, of 
washed nitrobenzene, sp.gr. 1*18 at 15*, or 148 kilos, of 
the pure substanceDmillng at 96® under a pressure 
of lo mm. (Sacchann-fabrik. Akt.-Ges. vorm. Fabl* 
berg, List & Oo. D. E. P. $21787 ; F. P. 401679). 
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..dinitrobenzene, m.p. 89'8°, but orthodi¬ 
nitrobenzene, c m.p. 118°, and paradinitro- 
benzene, m.p. 172®, are also produced, the m.p. 
of the commercial product being about 86°-87°. 
It should not contain anv nitrobenzene, and 
Bhould be well crystallised, hard, and almost 
odourless, and should not render paper greasy. 

Dinitivtoluene is prepared by a process 
similar to the above, and, since ortho- and 
para-nitrotoluene yield, when nitrated at a high 
temperature, most of the 2 : 4 dinitrotoluene, 
it is better to' proceed straight on from the 
toluene. 1 

The subsequent treatment is the same as 
when dinitrobenzenc is manufactured. Com 
mercial dinitrotoluene consists mainly ol the 
last-named and the 2: (i- modifications, but 
always contains small quantities of the other 
ifomerides. The 2 : 0- only occurs in small pro¬ 
portion, and mainly in the oily drainings from 
the crude product. The nitration of the pure 
metaxylene docs not differ from the processes 
alroady described. 

To obtain the more highly nitrated deriva¬ 
tives nitrosyl sulphate may be employed, m- 
Dinitrobenzene (1 part) is slowly heated with 
nitrosyl sulphate (2 parts) until dissolved, when 
nitric acid (2 parts) is added and tho mixture 
maintained at 100°-120° until s -tnnilrobenzcne 
is produced (Heinemann, Eng. Pat. 102210 of 
1915). 

Trinitrotoluene. There are six possible 
isomerides of this compound, viz.:— 


a or 2.4.6 trinitrotoluene. 

m.p. 

. 80-8° 

0 or 2.3.4 

. 112° 

y or 2.4.5 

. 104° 

S or 3.4.5 

. 137 r.° 

€ or 2.3.6 „ 

. »7'2° 

C or 2.3.6 

70'5° 

All of them are of practically equal value 


as explosives, but the best-known is tho a- 
compound, the product known as T.N.T., or 
trotyl or trilite. The other isomerides in the 
commercial product are derived from m-nitro- 
toluene, which is present in the ordinary mono- 
nitrotoluene to the extent of 4-5 p.c. The 
various trinitrotoluenes give different coloura¬ 
tions with acetone and ammonia, viz. o, deep 
fed ; 0, greenish-yellow ; y, blue ; £, orange- 
red ; and c, rose-red. 

In the manufacture of a-trinitrotoluene 
(T.N.T.), mononitrotoluene is first prepared by 
using the waste acid resulting from the manu¬ 
facturing process. The nitration is carried out 
in a jacketed apparatus provided with rotating 
arms. The toluene is run -into the apparatus, 
and whilst it is kept agitated, the waste acid 
and fresh nitric acid are added. The tempera¬ 
ture is kept below 30°. After setting for six 
. hours the mononitrotoluene is separated from 
the waste acid. To the latter fuming sulphuric 
acid and nitric acid are added. This fresh 
mixture is added to the mononitrotoluene in 
the agitating vessel, and kept in continuous 
t -moteon for six hours at a temperature of 90°. 
The steam is then shut off in the jacket, agita¬ 
tion is discontinued, and cold water and finally 

* For a detailed description of the manufacture, see 
KayBer, Zeitsch. Farb. Ind. 1903, 2, 16, 81. Cf. Kldo- 
koro, J. Ohem. Ind. Tokyo, 191F, 20, 460; J. 8oc. 
Chem. Ind. 1917, 86 1065. 


a refrigerated liquid at 2° are passed round the 
jacket. The dinitrotoluene is thus crystallised 
out hi the mixing vessel, and the waste acid 
can be run off. The latter is revivified by the 
addition of fuming sulphuric acid, and this 
fresh mixture is added to the dinitrotoluene. 
After warming and agitating nitrio aoid is 
added and the temperature raised very gradually 
to 92°. After heating for twenty hours the 
whole of the contents of the vessel is run into 
cooling tanks, where the trinitrotoluene is 
allowed to crystallise out slowly, during some 
four to five days. Tho waste acid is then 
separated and used for the preparation of mono- 
mtroluene. Tho trinitrotoluene is washed with 
water, ground under edge runners, and finally 
washed in an alkali solution. It is then dis¬ 
solved in acetone, and sodium carbonate is 
added. The solution is heated in a steam- 
jacketed vessel for four hours, after which the 
acetone is distilled off and condensed, and the 
molten trinitrotoluene is run into cooling 
vessels to crystallise out. Tho -crystals are 
thoroughly washed with water, dissolved in 
hot 96 p.c. alcohol, tho solution filtered and 
allowed to crystallise (Vasqucz, Z. ges. Schiess- u. 
Sprengstoffw. 1911, 6, 301 ; J. Soc. Chem. 
Ind. 1911, 30, 1046). 

Langenscheidt (Z. ges. Schiess- u. Spreng¬ 
stoffw. 1912, 7, *25) describes the process as 
follows: 

A mixed acid (1400 kilos), consisting of 
equal quantities of sulphuric acid and nitric 
acid (94-95 p.c.), is allowed to flow slowly into 
a cast-iron vessel containing a solution of 
orthonitrotoluene (500 kilos) in sulphuric acid 
(1400 kilos of 100 p.c. acid) which has been 
warmed to 60°-70 . This vessel is steam- 
jacketed, and has also water-cooling coils, and 
a screw agitator, which runs at about 182 revolu¬ 
tions per minute. At tho commencement the 
temperature of the mixture is prevented from 
rising by means of the water coils until the 
wholo of the orthonitrotoluene is converted into 
dinitrotoluene. Steam is now passed through 
the jacket to start the conversion of the dini- 
Irotoluene into trinitrotoluene, and the tempera¬ 
ture is not allowed to rise above 150°. When 
nitration is complete, the temperature is main¬ 
tained at this point for one hour. It is then 
allowed to fall to 100°, and 200 litres of water 
are added in order to increase the yield. The 
molten trinitrotoluene is separated from the 
acid and washed until neutral. This product 
has a m.p. of 72°-74°, and is used in the ammo¬ 
nium nitrate class of explosives. To produce 
the trinitrotoluene of higher m.p. (81°-82°), 
which is used for filling shells, the lower melting 
product (500 kilos) is dissolved in 2300 litres of 
a mixture of 90 p.c. alcohol containing 5-10 
p.c. of benzene, and, after filtering, the solution 
is crystallisod in a water-jacketed enamelled 
pan. By evaporating the mother liquor to 
one-third of its bulk, a quantity of brownish- 
coloured crystals are obtained, which are used 
in the ammonium nitrate class of explosives, 
whilst, on further evaporation, a dark-brown 
or red liquid ( 16’6—17 *2 p.c. is obtained, 
which is used in the explosive industry for 
gelatinising collodion cotton under the nam e Of 
liquid trinitrotoluene (J. Soc. Chem. Ind. 1912, 
31, 1147). 
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The chief difficulties in the nitration process 
are due to the presence of inorganic impurities, 
chiefly lead and iron salts, derived frodx the 
sulphuric acid and from the action of the 
nitrating acid on the apparatus, and organic 
by-products formed By sulphonation, oxidation, 
and reduction. Among the by-products may 
be: (1) Trinitrobenzoio acid or tetranitro- 

methane, owing to oxidation in case of over¬ 
heating or pressure; the last-named nifty be 
recognised by its intense odour; metallic salts 
may act as catalysts in promoting oxidation. 
(2) Phenolic compounds, such as cresols, formed 
by the reduction of the nitro- compounds by 
hydrogen produced by the action of the nitrating 
acid on the apparatus, the amino- compounds 
being then converted into diazo- and hydroxy- 
compounds; in presence of metallic salts, 
highly explosive salts of nitro-cresols may be 
formed. (3) Hulplionic acids owing to too low 
a concentration of nitrio acid. To obtain good 
results the following conditions should be 
observed: fl) The amount of nitric acid used 
should exceed the theoretical quantity by at 
least \ mol. (2) The degree of nitration should 
be controlled by the concentration of nitrating 
acid, temperature, and duration of reaction 
rather than by the actual quantity of nitric 
acid used. (3) The reaction jiroduct should be 
separated from the spent acid as quickly as 
possible. (4) The action of the nitrating acid 
on the apparatus should be reduced toa minimum 
by suitable choice of material and concentration 
of acid (Copisarow). 

The following bibliography has been com¬ 
piled by Copisarow (J. Soc. Chem. Ind. 1915, 
34, 1169):— 

Wilbrand, Annalen, 1863, 128, 178; Hepp, 
Annalen, 1882, 215, 366; Stad%l, Annalen, 
1890, 259, 208; Haussermann, J. Soc. Chem 
Ind. 1891, 1028; 1892, 235; Bichel, Fr. Pats. 
357, 925, 3691371, 1906; J. Soc. Chem Ind. 
1906, 135; 1907, 115; RudelofT, J. Soc. Chem. 
Ind. 1907, 67; Esoales, Z. ges. Schiess- u. 
Sprengstoffw. 1908, 3, 21 ; Nobel & Co., 
D. R. P. 212169; J. Soc Chem, Ind. 1909, 
1065; Van den Arend, liec. trav. chim. 1909, 
28, 408; Vender, Eng. Pat. 18281, 1909; J. 
Soo. Chem. Ind 1910, 265; Comey, J. Ind. 
Eng. Chem. 1910, 2, 103; Vasquez, J. Soc. 
Chem. Ind. 1911, 1046; Verola, J. So% Chem. 
Ind, 1912, 152; Dautriche, J. Soc. Chem. Ind. 

1912, 153; Nobel & Co., Fr. Pat. 432981 ; 
J. Soo. Chem. Ind. 1912, 153; Langenscheidt, 
J**Soo. Chem. Ind. 1912, 1147 ; Block, Zeitsch. 
physikal. Chem. 1912, 78, 385; Nobel & Co., 
D. R. P. 264503; J. Soc. Chem. Ind. 1913, 
1088; Kast, Z. ges. Schiess- u. Sprengstoffw. 

1913, 8, 65, 88, 155, 172; Will, J. Soc Chem. 
Ind. 1914, 376; Molinari and Giua, J. Soc. 
Chem. Ini 1914, 680 ; Giua, J. Soc. Chem. 
Ind. 1914, 687 ; Koemer and Contardi, Atfci. 
R. Accad. Lincei. 1914, 23, ii. 464; Holleman, 
Rec. trav. chim. 1914, 33, 1; Rintoul, J. Soc. 
Chem. Ind. 1916, 60 • Oberschlesische A. G. f. 
Fabrik. von Lignose, D. R. F. 277325: J. Soc. 
Chem. Ind. 1915, 199; McHutchison and 
Wright, J. S(*>. Chem. Ind 1915, 781 ; Gina, 
J. Soc. Chem. Ind. 1915, 827, 984 ; Craig and 
others, Eng. Pat. 23181, 1914; J. Spc. Chem. 
Ind. 1915, 985; JCoemer and Contardi, J. Soc. 
Chem. Ind. 1915, 1046; Soc. ItaL Prod. 


Esplodenti, Eng. Pat. 19566, 1914; J. Soo# 
Chem. lad. 1915, 1118; Marshall, Explpiffves: 
Their History,Properties, and Manufacture, 1915. 

For mode of inspection and testing of com¬ 
mercial trinitrotoluene, see Stevens, J. Ind. 
Eng. Chem. 1917, 9, 801; J. Soo. Chem. Ind. 
1917, 36, 1029. J. C. C. 

BENZENEAZOSALICYLIC ACID ft obtained 
by diazotising a cooled mixture of aniline and 
hydrochloric acid with sodium nitrite, and 
adding the diazonium chloride to an aqueous 
solution of sodium salicylate when the yellow 
sodium salt of the azo- compound is formed 
(Fischer and Schaar-Rosenberg, Ber. 1899, 
32,81). 

BENZENE DIAZONIUM SALTS u. Diazo 

COMPOUNDS. • 

BENZENE SULPHONIC ACIDS. 

Benzene sulphonic acid ( phenyl sulphuroms 

acid , sulpkobcnzohc acid) C 8 H 8 ‘S0 8 H may be 
prepared by shaking benzene with fuming 
sulphuric acid, -or by passing benzene vapour 
into heated sulphuric acid ; by oxidising benzene 
sulphinic acid; by boiling p-diazobenzene 
sulphonic acid with alcohol. 

On the large scale it is made as an inter¬ 
mediate product for the manufacture of phenol 
by sulphonating benzeno in a closed cast-iron 
steam-jacketed pan fitted with a helical stirrer. 
For details of the various methods of carrying 
out this operation, see Cain’s Intermediate 
Products for Dyes, Macmillan and Co., 1918. 
Tho free acid is best obtained by decomposing 
the lead or barium salt with sulphurio acid. 
Forms small deliquescent plates containing 
4 mols. H a O. 

Benzene •m-disulphonic acid C 8 H 4 (S0 8 H) t . 
Obtained by the further action of sulphuric 
acid upon benzene, or on the preceding com¬ 
pound, at a temperature of* 240°-250°. At 
iiigher temperatures, or under the influence of 
catalysts (mercury, ferrous sulphate), the p- 
isomeride is formed in addition. Lamberts 
(D. R. P. 113784) employs as sulphonating 
agent sodum hydrogen dmdphate NaH 8 (S0 4 ) 8 
(obtained by heating acid sodium sulphate 
with sulphuric acid). This is mixed with benzene 
and heated to 200°, treated with milk of lime, 
and the solution of the sodium benzene-wt- 
disulphonate filtered off and evaporated. The 
free acid forms very deliquescent crystals 
containing mols. H«0. 

Benzene-tri-sulphonic acid C 8 H 8 (S0 8 H) 8 , pre¬ 
pared by heating an alkaline salt of the mono- or 
r»-disulphonic acid with sulphuric acid until the 
sulphurio acid volatilises. 

BENZIDINE and BENZIDINE REARRANGE- 
MENT v. Diphenyl. 

BENZIDINE AZO- DYES v. Azo- colouring 
matters, and Disazo- and Tetrazo- colouring 

MATTERS. 

BENZIDINEDISULPHONIC ACID v. Di¬ 

phenyl. 

BENZIDINE PUCE v. Azo- colouring 

MATTERS. 

BENZIL v. Ketones. • 

BENZINE, Light petroleum (v . Petroleum). 

BENZINOFORM. Syn. for oarbon tetra 
ohloride [q.v.). • 

BENZO AURINE, -BLACK BLUE, -BLUE, 
BROWNS, -FAST PINK, -FAST SCARLETS, 
-INDIGO BLUE, -GREY, -OLIVE, -ORANGE, 
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‘-PURPURINS, -RED BLUE, -VIOLET v. Azo- 

COLOURING MATTIES. * 

BENZOFLAVINE v. AcRiDmE dyestuffs. 

BENZOIC ACID C 7 H e O a orC 6 H 8 CO a H. (Acide 
benz&ique, Fr.; BenzoVstture, Ger.) Acidvm 
bcnzoicum. Blaise de Vigcnfcre, in his Traite du 
feu et du sel, published in 1008, described the 
preparation of benzoic acid by sublimation from 
gum benzoin. Lemcry, in 1675, called attention 
to its acid properties; and Scheele showed, in 
1775, that it could be extracted from gum 
benzoin by boiling the gum with lime, concen¬ 
trating the solution, and decomposing the salt 
with hydrochlorio acid. Scheele also, in 1785, 
obtained benzoic acid from cow’s urine; but it 
was not until 1820 that Liebig showed that the 
substance contained in the urine, by the decom¬ 
position of which benzoio acid is formed, is 
ifippuric acid. 

Occurrence. —Benzoic acid occuis in gum 
benzoin, tolu balsam, storax, dragon’s blood, 
and various other natural resinS; in oil of ber¬ 
gamot and oil of cinnamon ; in vanilla, calamus 
root, and tho ripe fruit of the clovo tree; in 
various sweet-smell mg flowers—thus in tho 
flowers of Unona odoratissima, from which the 
perfume ylang-ylang is prepared ; as hippuric 
acid (and sometimes even, it is asserted, as 
free benzoio acid) in tho urine of herbivora ; and 
in castoreum, a viscid, foetid secretion, found in 
pouches situated in the perinseum of tho beaver. 

Formation .—By tho oxidation of all com¬ 
pounds which contain the phenyl group united 
to a single lateral chain, such as toluene, benzyl 
chloride, benzyl alcohol, benzaldehyde, cinnamic 
acid, &c. By neating benzotrichlorido C fl ff 6 'CCl 3 
with water. By heating benzonitrile C„H B -CN 
with acids or alkalis. By boiling hippuric 
acid with hydrochloric acid 

(C 7 h 6 0)nh-ch;-co 2 h+it 2 o 

=C 7 H e 0 2 +NH 2 *CH 2 C0 2 TI. 
By passing carbon dioxide into benzene con¬ 
taining aluminium chloride 

C g H g -f CO 2 —C # H & CO 2 H. 

Preparation .—1. From gum benzoin. In 
order to obtain the acid from gum benzoin by 
sublimation, the gum, broken up into small 
piooes, is introduced into a flat iron vessel, over 
-the mouth of whioh filter paper is then pasted. A 
large conical cap of strong paper, exactly fitting 
tho iron vessel, is placed over the filter paper, 
tied round the rim, and the whole is gently 
heated over a sand-bath at a temperature of 
about 170°. The benzoic acid sublimes through 
the filter paper and collects in colourless crystals 
inside the paper cone, from which it is removed at 
the end of the operation (Mohr, Annalen, 29,177). 
The yield is about 4 p.c. of the gum employed, 
and from three to four hours are required for 
the sublimation of a pound of benzoic acid. A 
iraoe of an aromatic oil from the gum adheres 
to the crystals, imparting to them a pleasant 
odour of vanilla, and enhancing their value as a 
pharmaceutical preparation. On a manufactur- 
mjfscale a modification of tho forecoing labor, 
tory process is employed, in which the gum io | 
boated iq a closed vessel and the vapour of the 1 
subliming*acid flows over into a side chamber 
and condenses at a point below the source of 
heat, thus obviating all risk of fusing the sub¬ 
limate. The gum benzoin is introduced by 
means of a metal drawer, which is heated from 


beneath by gas-jets; whilst the sublimed acid 
collects in a second drawer, and can thus be 
removed at the end of the operation (oomp. 
Starting, Arch. Pharm. 231, 342). By other 
methods the yield from gum bonzlon may be 
increased to 25 p.c. n 

Wohler’s method (Annalen, 49, 245) consists 
in dissolving the powdered gum in an equal 
volume of alcohol of 90-95 p.c., adding fuming 
hydrochloric acid to the hot solution until a 
precipitate begins to be formed, and distilling the 
mixture. The distillate contains ethyl benzoate, 
alcohol, and hydrochloric acid. The residue is 
again distilled with water as long as ethyl ben¬ 
zoate passes over, and the united distillates are 
boiled with caustic potash to decompose the 
f-thvl benzoate. From the solution the benzoio 
acid is precipitated with hydrochloric acid. It 
smells like the sublimed product. 

Scheele’s method of extracting the benzpic 
acid from the gum with slaked lime and water 
[v. supra), may alao bo employed. 

2. Ftom urine. The urine of* the cow or 
horse is allowed to putrofy, so as to induce a 
hydrolytic decomposition of tho hippurio acid 
into benzoic acid and glycocoll. Milk of lime is 
then added, the filtered solution is evaporated to, 
a small bulk, and the benzoic acid precipitated 
with hydrochloric, acid. In order to avoid the 
evaporation and the attendant disagreeable 
smell, tho excess of limo may bo removed by 
carbon dioxide, the benzoic acid precipitated by 
the addition of ferric chloride, and the ferric 
benzoate, after separating it by filtration, de¬ 
composed by hydrochloric acid. The acid thus 
prepared smells of urine, and must not be used 
in medicine. The smell may, however, be 
removed or concealed by mixing the acid 
with a smrll quantity of gum benzoin and 
subliming it. 

The fresh urine may also be evaporated to 
onc-third of its bulk, filtered, mixed with hydro¬ 
chloric acid, and allowed to cool. Hippurio acid 
crystallises out, which, by boiling with concen¬ 
trated hydrochloric acid, is decomposed into 
glycocoll hydrochloride arid benzoio acid. 
Benzoic acid may also be prepared by the action 
of ammonia and zinc-dust on gallio acid and 
catechu-tannic acid (Guignet, Compt. rend. 113, 
200 ). 

3. B r om toluene. Most of the benzoio acid 
employed at the present day, and certainly all 
that is employod in the coal-tar colour industry, 
is manufactured from toluene ( v. infra). Toluene 
by oxidation with nitric acid, may be dircofcly 
converted into benzoio' acid; but it is better 
to chlorinate it first to benzyl chloride, which is 
more readily attacked by the oxidising agent. 
Lunge and Potri (Ber. 10, 1275) boil benzyl 
chloride (1 part) and dilute nitric acid (3 parts of 
acid of 35°Baume with 2 parts of water) in 
a reflux apparatus until the smell of benzyl 
chloride and benzaldehyde is no longer per¬ 
ceptible. A. v. Rad (Dingl. poly. J. 231, 538). 
however, states that this method is unsuited for 
preparing the acid on a manufacturing scale, and 
prefers to decompose btfnzotrichloride by heating 
it with water under pressure; 

C g H B CCl 3 +2H J 0=C i H s -C0 l H+3HCl; 

but it is difficult to prepare pure benzotri- 
ohloride, and the benzoio acid manufactured by 
this proooss is always contaminated with ohloro- 
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benzoic acids formed from chlorinated benzo- 
triohlorides. . 

Espenschied (D. R. P. 47187) boils # the 
benzotrichlorido with milk of lime, or with a 
solution of caustic soda mixed with whiting or 
other insoluble matter, the presence of which 
aids the reaction b/ preventing the/ benzotri- 
chloride from forming a separate layer and also 
by promoting local superheating. 

E. Jacobsen (D. R. P. 11494 and 13127) 
heats benzotriehloride with acetic acid to which 
a little zinc chloride has been added: 
C 8 H # -CCl 3 +2CH3-C02H=C o H 6 -C0iH+2CH 3 -C0Cl+HCl 
The acetyl chloride is distilled off, the residue 
extracted with sodium carbonate, and the 
benzoic acid precipitated with hydrochloric 
acid. 

P. Schulze (D. R. PP. 82927, 85493) heats 
benzotrichlorido with lime-water in the presence 
of some iron powder. In order to avoid the 
formation of chloro-derivatives, the direct 
oxidation of toluene either by nitric acid or by 
manganese jlioxide and sulpfiunc acid, ho# been 
suggested {see I). R. PP. 101222, 107722, 
175295, 210091). 

The Weston Chem. Co. and J. Savage (Eng 
Pat. 116348) conveit benzyl chloride into benzyl 
alcohol by boiling with sodium hydroxide solu 
tion or milk of linie, and oxidising the alcohol 
to alkali benzoate by hyposhlorite in presence 
of alkali. 

The benzoin acid required in the coal-tar 
colour industry is obtained as a by-product in the 
manufacture of benzaldehyde by hoating beuzal 
chloride with' milk of lime ( v. Benzaldehyde), 
a portion of the benzaldehyde being converted 
into calcium benzoate in this process. 

4. From coal-tar oil. Aktiengesellschaft fur 
Theer und Erdol Industrie, Eng. Pat. 7807 ; 
D. R. P. 109122; J. Soc. Chem. ftd. 1899, 785. 
The carbolic or creosote oil fraction, obtainod 
from coal tar, and boiling between 100° and 
240°, contains benzonitrile. The fraction from 
which phenol is obtained is washed with diluto 
soda lye (sp.gr. IT) to remove the phenol and 
oresol, and the remaining oil placed in a jacketed 
vessel, provided with an agitator and connected 
with a condenser and receiver. Caustio soda 
lye (sp.gr. 1*4) is added in about twice the 
quantity corresponding to the benzonitrile 
present. The mixture is agitated, and wet 
steam passed in for some hours, af long as 
ammonia is evolved in considerable quantity. 
The receiver then contains the lower boiling 
constituents of the oil, together with a somewhat 
concentrated ammonia solution, whilst tho 
contents of the still consist of a lower alkaline 
layer and an upper oily one. The former is 
neutralised with carbonic acid or a mineral acid, 
separated from traces of phenol or resinous 
matters, and the resulting solution of sodium 
benzoate decomposed whilst hqt by adding an 
exoess of acid. On cooling, pure benzoio acid 
separates in white crystals. 

5. From the naphthols and other naphthalene 
derivatives. Basle Chemical Works, J. Soc. 
Chem. Ind. 1901, 113$; D. R. P. 136410; Fr. 
Pat. 313187; Eng. Pat. 15527; U.S. Pat. 
702171. (See also Chem. Zentr. 1903, i. 546, 857, 
1106; D. R. PP. 138790,139956,140999.) By 
heating the naphthols or other naphthalene 
derivatives to about 250*, in presenoe of alkali 


with metallic oxides or peroxides sc oh as copper 
or iron oxide, barium, lead or manganese per* 
oxide, they yield phthalic and benzoic acids, and 
a few intermediate products. The excess of 
alkali is removed by lixiviation with a little 
water; the acids are then dissolved in water and 
decanted from the reduced oxide. This solution 
is satui^ted with oarbon dioxide and filtered 
from unchanged nnphthol. The ^filtrate is 
decomposed with sulphuric acid and evapo¬ 
rated, the precipitated aoids being purified by 
distillation. 

6. By the electrolytic oxidation of phenanthrene. 
Farbwerke vorm. Meistor, Lucius and Briining, 
Chem. Zentr. 1904, ii. 71 ; D. R. P. 152063. 

Properties. —It crystallisos in lustrous leaflets 
or flat needles of sp.gr. 1-2659 15°/4°, melting at 
121-4*. It boils at 249°, but is volatile fven at 
100°, so that it may readily be sublimed; the 
vapour excites coughing. It may be distil^d 
with steam; 2 litres of aqueous distillate con¬ 
tain 1 gram of benzoic acid. 100 parts of water 
dissolve at 

4-5° 10° 31° 75° 

1-823 2068 4-247 21-931 

(Ullmann, Enzyklop. ii.); it is soluble in about 
twice its weight of ether and in about its own 
weight of absolute alcohol at ordinary tempera¬ 
tures. 

Traces of impurity lower the melting-point 
of benzoic acid vory considerably. 'The impure 
acid is also deposited from its solutions in 
smaller crystals than tho pure. 

(For absorption spectra, see Hartley and 
Headley, Chem. Soo. Trans. 1907, 319.) 

Reachons. —When heated with lime, benzoio 
acid yields benzene and calcium carbonate 
(Mitscherlich). It is vory stable towards oxi¬ 
dising agents ; dilute chromic acid is without 
action on it, but by warming it with manganese 
dioxide and sulphuric acid it «is converted into 
formic acid, carbon dioxide, and phthalic aoid— 
tho latter being formed by the simultaneous 
oxidation of formic and benzoio acids (Carius, 
Annalen, 148, 72). Sodium amalgam reduces 
benzoio acid in boiling alcoholic solution to 
benzyl alcohol, benzaldehyde, and tetrahydro- 
benzoie acid (Aschan, Ber. 24,1864, and Annalen, 
271, 231). By electrolytic reduction, benzalde¬ 
hyde is obtained (Mettler, Ber. 41, 4148), and by 
reduction with hydrogen and platinum, hexa- 
hydrobenzoic acid is the chief product (Will- 
statter and Mayer, Ber. 41, 1479). When dis¬ 
tilled over heated zinc-dust it yields benzalde- 
hvdo (Baeyor, Annalen, 140, 296). Calcium 
benzoate yields on distillation benzophenone 
C 6 H B -COC # H B , together with a small quantity of 
benzene and anthraquinone C 14 H 8 O a (KekulA 
and Franchimont, Ber. 5, 908). Taken inter¬ 
nally, benzoic acid is excreted in tho urine as 
hippuric aoid (Wohler). 

When a solution of ferric chloride which 
has been mixed with sufficient ammonia to turn 
it dark-red is added to a solution of a benzoate, 
a flesh-coloured precipitate of basio ferric ben¬ 
zoate (C 7 H b O .) 3 Fe,Fe(OH) 3 is formed. This re¬ 
action is used in the separation of benzois* acid* 
and also in separating iron from manganese. 

Uses .—Benzoio acid is used in medicine; 
but for this purpose only the natfral product, 
obtained from gum benzoin by sublimation, is 
suitable. Adulteration with tne artificial acid 
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\ is detected by heating a portion of the aeid on 
platinum wire and holding a poreelain dish 
moistened with *pbloroglucolvanillia bver the 
flame; the production of a red colour, due to 
the presence of hydrochloric acid, indicates the 
presence of the artificial acid. Artificial benzoic 
acid is employed in the manufacture cf aniline 
blue. It has been used as a mordant $ calico- 
printing. 'Benzoic acid, dissolved in a mixture 
of l part of ether and 20 parts of alcohol, has 
been recommended for the preservation of 
anatomical preparations. It is said to be used 
in giving an aroma to tobacco. 

As an antiseptic it is injurious to health, 
producing serious disturbance of the metabolic 
functions, attended with injury to the digestion 
(Wiley, U.S. Dept, of Agric., J. Soc. Chem. Ind. 
1908, 944). 

For its use as an acidimetrio .standard, see 
Mforey, J. Amer. Chem. Soc. 1912, 34, 1027 ; 
Analyst, 1912, 458. 

Detection in foodstuffs. —By the production 
of diaminobonzoic acid (Mohlor, Bull. Soc. chim. 
3, 414); by the action of the acid on rosamline 
hydrochloride dissolved in aniline oil, when 
aniline blue is formed (De Brevans, J. Pharm. 
Chim. 14, 438); by converting the acid into 
* salicylic acid with hydrogen peroxide, and then 
adding ferric chloride (Jonescu, J. Pharm. ('him. 
29, 523). In butter : By the formation of 
ammonium diaminobonzoate, which gives a 
brownish-red colouration in alkaline solution 
(Halphen, Pharm. J. 28, 201 ; Robin, Ann. 
Chim. anal. 14, 53). In fermented beverages 
and milk : As in butter (Robin, Ann. Chim. 
anal. 14, 53 ; Breustedt, Arch. Pharm. 237,170). 
In meats and fats (Fischer and Cruenert, J. 
Soc. Chem. Ind. 28, 849). 

Examination of the commercial product .— 
The artificial benzoic acid of commerce is almost 
always contaminated with chlorobenzoic acids 
(v. supra), the presence of which in any con¬ 
siderable quantity is stated to be detrimental in 
the aniline blue manufacture. The chlorine 
may be detected by heating the acid with 
metallic sodium, extracting the residue with 
water and testing the solution with silver 
nitrate. The acid should have the proper 
melting-point, and should dissolve without 
residue in boiling water. 

- Salts and esters of benzoic acids. Benzoic 
acid is monobasic. Most of the benzoates are 
soluble both in water and in alcohol. Potassium 
benzoate C 7 H B () 2 K,3H 2 0 : efflorescent lamina*. 
Sodium benzoate C 7 H B 0 2 Na,H 2 G: efflorescent 
needles, used for inhalation in tuberculosis. 
Ammonium benzoate C 7 H B 0 2 (NH 4 ), rhombic 
crystals, also used in medicine. Calcium ben¬ 
zoate (C 7 H B 0 2 ) 2 Ca,3H 2 0, lustrous needles, used 
in the preparation of benzophenone. Other 
hydrates are known. Forms an unstable 
■dialcoholate. Basic ferric benzoate 


(C 7 H 5 0 2 ) 3 Fe,Fe(0H) 3 

(v. supra). Mercuric benzoate small white 
odourless tasteless crystals ; powerful antisoptic; 
#uccacsfully employed in syphilitic and similar 
diseases (Merck’s Bull. 1890, [5] 33; [6] 49 ; 
[7] 73). 

7he estets of benzoic acid are obtained either 


by distilling benzoic acid with the alcohol and 
sulphuric acid, or, better, by saturating a solu¬ 
tion of benzoic acid in thp aloohol with hydro¬ 


gen chloride, digesting the mixture onthawtter* 

| bath (Afor some hours, precipitating the «*ter 
with , water, and purifying by distilktion. 
Methyl benzoate CyHjO^CH, is a liquid boiling 
at 198*6° (Perkin, Chem. Soo. Trans. 69, 1028). 
Ethyl benzoate C 7 H 6 0 8 *C.H 5 , boils at 211*8° 
(Perkin, l.c.). Propyl benzoate C 7 H 6 0.*C 3 H 7 , 
boils at 230*7° (Perkin, l.c.). 

Benzyl benzoate. This ester forms the 
therapeutically active portion of Peru balsam, 
and also the larger fraction of the produot 
! formerly known by the name of cinnamein , and 
generally described as consisting chiefly or 
! entirely of benzyl cinnamate. Benzyl benzoate 
J is a colourless oil, boiling at 173° under 9 mm. 

| pressure, whilst the benzyl cinnamate is crys- 
j talline, melting at 37°, and boiling at 213°- 
214° under 9 mm. pressure. It is stated that 
benzyl benzoate is as efficacious, therapeutically, 
as the ester obtained direct from Perti balsam, 
j whilst it has the advantages that it is free from 
I colour and smell, is constant in composition, 
and does not caifse the irritation sometimes 
j occasioned bv Peru balsam owing to the free 
acids present (E. Erdmann, Pharm J. 65, 387). 

Substitution Dcrwatives of Benzoic Acid .— 
o-Chlorobenzuic acid Cl*C 6 H 4 -COOH melts at 
1 140°, and is obtained by the oxidation of o* 1 
ehlorotolucnc. The chlorine atom in this acid 
is verv easily replaceable (Ullmann, Annalen, 
1907, 355, 312). The m-acid molts at 150°, 
the p- acid at 243°. Nitration of benzoic acid 
i yields mainly the m-acid, the relative propor¬ 
tions of the 0 -, m-, and p-acids formed at 
j different temperatures being shown in the 
subjoined tabic (Hollcman, Zcitsch. physikal. 
Chem. 31, 79): 

o . m. p . 

-30° . . 14*4 85*0 00 

0° o. . 18*5 80-2 1*3 

+30° . . 22*3 76*5 1*2 


The o-acid, melting at 144°, is prepared by 
oxidising o-nitrotoluene With potassium per¬ 
manganate, or with manganese dioxide and 
sulphuric acid (1). R. P. 179589). The m-acid, 
by the action of sodium nitrate and sulphuric 
acid on benzoic acid, or by oxidising ra-nitro- 
benzaldehyde with sodium hypochloride (Ba- 
disehe, Anilin u. Soda Fabnk, 1). R. P. 211959). 
It melts at 140°-141°. The p-acid, melting at 
238°, is obtained by the oxidation of p-nitro- 
toluene With chromic and sulphuric acids. 

Sulphobenroic acids. The o-acid , 
H00C*C 4 H 4 ’S0 3 H,3H a 0 
is obtained by the oxidation of toluene-o-su^ 
phonic acid, or of thiosalicylic acid, or by 
diazotising anthraflilic acid and adding sul¬ 
phurous acid. It melts at 68°-69°, and in the 
anhydrous condition at 134°. Direct sulphona- 
tion of benzoic acid yields chiefly the m-aoid. 

BENZOIC ANHYDRIDE (C 4 H 6 *C0) 8 0. First 
prepared by Gerhard t (Ann. Chim. Phys. [31 37, 
299) by the action of benzoyl chloride on sodium 
benzoate or on sodium oxalate, or of phosphorus 
oxychloride on sodium benzoate : 


C 4 H.*C0 2 Na-t-C fl H B *C0Cl=(C 4 H 6 *C0) 2 0+NaCl; 
2C 6 H B C0Cl+Na 2 C a 0 4 - 

-(C J H.*CO) t O+2NaClf CO+CO,; 
4C 4 H B *CO a Na-f POC1. 

, =2(C e H 6 *CO) t O+NaPO J +3NaCl 
Preparation .— Pour 100 grams of phosphorus 
oxychloride over 500 grams of dry sodium ben- 



mute contaijwjd ia * tAik; tompipt* the re¬ 
action by heating at 150°; remove sodium salt! 
by wfching the cooled mam with, dilute sodium 
carbonate, and purify the anhydride tfy dis¬ 
tillation. 

Anschutz (Annalen, 226, 15) heats benzoyl 
chloride with anhydrous oxalic acid. This 
avoids the formation of metallic salts altogether. 

It may also be prepared by heating benzoyl 
chloride with fused ana powdered sodium nitrite 
for 12 hours; the product is extracted with 
ether and freed from traces of benzoic acid by 
rapidly washing with a very dilute solution of 
sodium carbonate, and finally with distilled 
water; yield 70 p.c. (Minunni and Caberti, 
Gazz. chim. ital. 20, 655). By mixing together 
benzoyl chloride and pyridine and adding water 
after half an hour, pure benzoic anhydride is 
precipitated; yield 80 p.c. (Minunni, Gazz. 
chim. ital. 22, ii. 218). By treating benzoyl 
chloride with sodium carbonate and pyridine; 
yield quantitative (I)enmger, J. pr. Chem. 
50, ii. 479). By treating banzoyl chloride with 
sodium hyposulphite in the presenco or absence 
of pyridine (Bmz and Marx, Ber. 40, 3855); by 
treating benzcnesulphomc chloride with sodium 
benzoate (Chem. Fab. von Ueyden, J). R. i\ 
123052; Chem. Zentr. 1902, 2, 518); by 
treating benzoic acid or sodium benzoate with 
methylchiorsr.lpliate (Bad % Anil, und Sod. 
Fabrik, D. R. P. 146090; Chem. Zentr. 1904. 
i. 65); by treating benzoic acid with acetic 
anhydride in the presence of an indifferent 
solvent such as benzene or xylene (Kaufmann 
and Luterbachcr, Ber. 42, 3483); from benzo- 
trichloride and acetic acid (Belial, Compt. rend. 
148, 648); by the action of concentrated 
3ulphuric acid on benzotrichlonde ; and by the 
action of sulphury! chloride on a mixture of 
sodium and calcium benzoates (D*R. P. 161882). 

Properties. —Rhombio prisms, sp.gr. 1-1989 
15°/4°, melting at 42°, and boiling at 360° (corr.) 
(Lumsden, Chem. Soc. Trans. 1905,93). Insoluble 
in water ; readily soluble in alcohol and ether. 

Reaction «<?.—Water decomposes it very slowly 
in the cold, more rapidly on boiling, with forma¬ 
tion of benzoic acid. Towards ammonia, amino- 
and imino- compounds, alcohols and phenols, it 
behaves like benzoyl chloride, replacing by a 
benzoyl- group a hydrogon atom attached to 
nitrogen or oxygen. For this reason it is, like 
benzoyl chloride {q.v.), used as a npagent for 
amino-, imino, and hydroxyl- groups, and it has 
the advantage over the latter,reagent that no 
hydrochloric acid, a substanco which has a very 
•prejudicial effect on many organio compounds, 
& liberated during its action. 

BENZOIN GUM v. Balsams. 

BEHZO&r YELLOW. This compound is 
obtained by condensing benzoin with gallic acid. 
Benzoin is added to a solution of gallic acid in 
sulphuric acid, kept at a temperature of 0°-5°, 
ana, after being stirred during 24 hours, the 
mixture is poured into water, the dye being 
precipitated. It crystallises from a mixture of 
acetic acid and alcohol in yellow needles. Its 
constitution is given as 
C # H 4 -G^=~C-Ph 

do—i.HCOH),/ 0 1° : (° H )i : co ” 1:2:3:4 ] 

(Bad. Ana. Sod. Fab. D. R. P. 95739; Chem. 


Zentr. *898, t m.mi S**e, B«h ,n, **is) ; 
<®. Auusnt fb . 

BENJSONAPHTHOL, jMMfSmOLBMZB’ 

ATE v. SiflrrMuo Drugs. • 

BENZbPHENONE (Diphenyl Ketone) (v. 

Ketones). 

BENEO-QUINONE. See Quixone. 

BEWZOSALIN. Trade name for benzoyl- 
salicyb'f-acid-methvl ester, used in % treatment 
of articular and muscular rheumatism, neuritis, 
neuralgia, and sciatica. V. Synthetic drugs. 

BENZOSOL GUIACOL BENZOATE v. Syn¬ 
thetic IIKt'C“, 

BENZOTR1CHLORIDE v. Toluene, Chlor¬ 
ine DERIVATIVES OF. 

BENZOYL CHLORIDE C,H,-COCl. First 
obtained by Liebig and Wohler, by passing 
chlorine into benzaldehydo (Annalen, 3, 2B2). 
By the action of phosphorus pentachlSride on 
benzoic acid (Labours, Ann. Chim. Phys. [3] 23, 
334). • 

Preparation. —Benzoic acid is heated with 
slightly more than the molecular proportion of 
phosphorus pentachloride 

C 6 H ri COOJI-f PCI 6 —G fl H 6 'COCI+POCl 3 +HCl 

The resulting benzoyl chloride is freed from the 
phosphorus oxychloride by fractional distillation. ■ 
Commercial benzoyl chloride is usually con¬ 
taminated with ehlorbenzoylchlorido and fre¬ 
quently with small quantities of benzaldehyde 
(V. Meyer, Ber. 24, 4251, and 25, 209). 

From oxalyl chloride, benzene, and alu¬ 
minium chloride (Staudinger, Ber. 1908, 3566). 
From benzoic acid or sodium benzoate and 
methylchlorosulphatc (Bad. Anil, und Sod. 
Fabrik, 1). R. P. 140690; Chem. Zentr. 1904, 
i. 65). 

From salts of benzoic acid. By treatment 
with sulphur dioxide and chlorine (Farb. vorm. 
Meister, Lucius and Pruning* D. R. P. 210805 ; 
Chem. Zentr. 1909, 279); or with sodium chloro- 
sulphonate (D. R. P. 146690); or by the action 
of sulphuryl chloride on benzoic acid. 

Properties. —Colourless liquid, with a pungent 
odour, boiling at 199° (Lumsden, Chem. Soc. 
Trans. 1905, 94); 197 2° (corr.) (Perkin* Chem. 
Soc. Trans. 69, 1244). Its vapour attacks the 
eyes, causing a flow of tears. Sp.gr. 1*2122 
20°/4° (Briihl, Annalen, 235, 11). 

Reactions. —Benzoyl chloride reacts with 
water , slowly in the cold, rapidly on heating, 
with formation of benzoic and hydrochloric acids. 
With ammonia it forms benzamide 

C 6 H 6 *CO*NHj 

together witli ammonium chloride. In like 
manner it reacts with compounds containing 
hydroxyl-, amino-, or imino- groups, introducing 
benzoyl in place of hydrogen, and is therefore 
employed in organic chemistry as a test for the 
presence of those groups in a compound. Thus 
with alcohol ’it yields ethyl benzoate; with 
aniline, benzanilide and dibenzanilide. 

BENZOYL ECGONINE v. Cocaine and teb 
Coca ALALOIDS. 

BENZOYL FORMIC ACID t>. KktokO. • 

BENZOYL OLYCOCOLL v. Hi picric acid. 

BENZOYL PINK v. Azo- colouring matters. 

BENZOYL SULPHONIC IMIDE wd BEN- 
I ZOIC SULPHIDE v. Saccharin. 
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BENZYLAMINE CARBOXYLIC ACIDS. 


BENZYLAMINE CARBOXYLIC ACIDS v. 

Amino- acids (aromatic). 

K BENZYL BLUE. A dye made t by the 
Aktiengesellschait fur AnilinfabrikatJpn, Berlin, 
by substituting three atoms of hydrogen in 
roeaniline by threo benzyl- groups. It is easily 
soluble in water; dyes silks, wools, add cotton 
(Reimanns Farber-Zcit. 1879, 251 ; il dustrie- 
Blatter, 3$, 3G0). ' 

BENZYL CHLORIDE v. Toluene, Chlor¬ 
ine DERIVATIVES OF. 

BENZYLDIPHENYLAMINE v. Diphenyl- 
amine. 

BENZYLMORPHINE v. Opium. 
BENZYLPHENYLHYDRAZONES v. Hydra- 


ZONES. 


BERBERINE AND THE BERBERIS ALKA 
LOIDS. Berberine C 20 H 19 O 6 N is contained m 
various'species of Herberts, especially B. vulgans 
(Linn.) (the barberry), which also contains 
be£bamine C, 8 Hi 9 0 3 N (Hesse, Ber. 1880, 19, 
3193), and oxyacantliine ( v. inf to), in Hydro dm 
canadensis (Linn.), together with hydrastinc and 
canadine in Cophs Tecta (Wall.), which con¬ 
tains as much as 8 p.c., and in many other 
plants, but not m calumba root (Gordin, Arch. 
Pharm. 1902, 240,140). 

Preparation .—The best available material 
from ♦'which to extract berberine is the root of 
Hydrastis canadensis (Linn.) (‘ Golden Seal ’), 
which contains about 4 p.c. of the alkaloid 
The finely-powdered hydrastis root is exhausted 
With alcohol, the greater part of the alcohol 
removed by distillation, and the alkaloid con¬ 
verted into sulphate or nitrate by the addition 
of sufficient dilute sulphuric acid or nitric acid. 
The crude berberine salt which separates is 
collected, dissolved in wator, and mixed witli 
acetone and sodium hydroxide, when the 
crystalline condensation product, anhydrobor- 
borineacetonc, separates (Gaze, Zeit. Naturwiss. 
Halle, 1890, 62, 399). After recrystallisation, 
this product melts at 175° (corr.) (Pyman, Chum: 
Soc. Trans. 1911, 99, 1690); it yields with hot 
dilute mineral acids the corresponding borberi- 
nium salts. The free base exists in two isomeric 
fQrms, represented by the partial formula- 
below: 

CH CH 

\/\/ V'*/ 


. I c 

OH 




C 

\/N\ 

OHOH 


II. 


as the quaternary ammonium hydroxide, 
berborinium hydroxido (I.), which is known 
only in aqueous solution, and as the carbinol- 
amine, berberine (II.), also termed berbermal 
and berberinol. For the nomenclature of 
berberine arid its salts, *ee Perkin (Chera. Soc. 
Trans. 1918, 113, 503). A solution of berberi- 
nium hydroxide is prepared by adding the 
equivalent quantity of barium hydroxide to 
an aqueous solution of borberinium sulphate, 
^hil8t«,the addition of an excess of sodium 
hydroxide to this solution affords a precipitate 
of the carbinolamine, berberine, which is 
extracted ether, and crystallises on con¬ 
centrating the solution (Gadamer, Arch. Pharm. 
1905, 243, 31). 


Properties .—Berberine CjqH^ObN orystal- 
lises from ether in yellow needles, which melt 
at 144°, and are anhydrous. It is insoluble in 
cold Vater, but on warming gradually yields 
a solution of berberinium hydroxide. It dis¬ 
solves in acids, giving salts of berberinium 
hydroxide. The berbcrmitim salts C ao H 18 0 4 NX 
(where X is a monobasic acid radical) crystallise 
well, and are of a yellow or red colour. They 
aro sparingly soluble in water, especially in the 
presence of mineral acids or salts. Their 
aqueous solutions are neutral to litmus, optically 
inactive, and have a bitter taste. Berberine is 
not poisonous to man, and is used medicinally, 
like preparations of the plants containing it, as 
a toruc. 

Detection and Estimation .—Chlorine water 
gives with a solution of the hydroxide a'bright- 
red colouration even in very dilute solutions. 
For the detection of berberine in plants, see 
Gordin, Arch. Pharm. 1902, 240, 146. The 
same author recommends for its estimation the 
precipitation of thy alkaloid as sulphate from 
its alcoholic solution, the decomposition of the 
sulphate by potassium iodide and the titration 
of tho sulphuric acid liberated by means of 
Nj 40 potassium hydroxide (ibid. 1901, 239, 638). 

Constitution .—Tho main features of the 
constitution of berberine wore determined by 
Perkin ((’hem. Soc,. Trans. 1889, 55, 63; 1890, 
57, 992) by a study of its oxidation products, 
and subsequent work by Gadamer (Chem. Zeit. 
1902, 26, 291, 385; Arch. Pharm. 1905, 243, 
31; 1910, 248, 43), Perkin and Robinson (Chem. 
Soc. Trans. 1910, 97, 321), and Tinkler (ibjd. 
1911, 99, 1340), established the formula given 
below, which has since been confirmed through 
the synthesis of tho alkaloid by Pictet and Gams 
(Ber. 1911,44,2480). 

v O_CH g 


MeOv 
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Me() (’IK)H CH. 


Attention may be drawn to the similarity 
between the formula of berberine and that of 
hydrastinc which occurs with it in Hydrastis 
canadensis (Linn.). 

Oxycanthine C 18 H 2 ,0 8 N accompanies ber- 
berino in Berber is vulgaris (Linn.) (Polex, Arch. 
Pharm. 1836, [ii.| 6, 271; Hesse, Ber. 1886, 
19, 3190; Rudd, Arch. Pharm. 1891, 229? 
631), and may be isolatod from the mother-liquor 
from which all the berberine salt has crystallised 
by precipitation with sodium carbonate, ft 
crystallises with difficulty from alcohol or ether, 
m.p. 208°-214° (Hesse), is insoluble in water, 
easily soluble in chloroform, less so in alcohol. 
The alcoholic solution is dextrorotatory, and 
has a bitter taste. It yields crystalline salts 
F. L. P. 

BERENGELITE. A- bituminous resinous 
nineral from San Juan de Berengela, melting 
at 100°, soluble in alcohol and ether. Aooording 
to Dietrich, specimens from Trinidad and Arioa, 
Chile, contained 71*84 C, 9 95 H, and 18*21 of 0 
(Chem. Zentr. 80,559). Used for caulking ships. 

BERGAMOT v. Oils, Essential. 
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BERGMANN’S POWDER. An explosive 
composed of 50 parts potassium chlorate, 5 of 
pyrolusite, and 45 of bran, sawdust, or ^am (J. 
37, 1748). 

BERLIN BLACK. A black varnish drying 
with a dead surface, used for coating ironwork. 

BERLIN BLUE * or PRUSSIAN BLUE v. 

Cyanides. 

BERNTHSEN’S VIOLET, hothioninc. /3- 

Amidothiodiphenylimide. Formed by reduc¬ 
ing /3-dinitrodiphonylaminesulphoxide and oxi¬ 
dising the leuco- base with ferric chloride. The 
hydrochloride crystallises in needles. Dyes 
reddish-violet. Isomeric with La ulh's violet 
(Bemthsen, Annalen, 230, 133). 

BERRY WAX v. Waxes. 

BERTHIERINE v. Tiiukimu'ij?. 

BERTHIERITE. Iron sulphantvmonile (v. 
Antimony). 

BERYL. A mineral consisting of glucinum 
aluminium silicate Gl 3 Al 2 Ki 6 0 1{ ,, crystallising 
in tho hexagonal system. The ancient name, 
BJlpuMos, included also som!b other gemstones 
of a greenish colour. The crystals are usually 
quite simple in form, with only the hexagonal 
prism and tho basal plane ; the habit being 
commonly prismatic and the prism faces striated 
vertically. They aro usually cloudy or opaque, 
with a pale-greenish or yellowish colour and are 
often of considerable size, crystals weighing as 
much as one or two tons having been found at 
Acworbh m Now Hampshire. The sp.gr. is 
2*63-2*80, and the hardness 7|-8. The material 
is not attacked by acids, except, hydrofluoric; 
and before the blowpipe is fusible only with 
difficulty on the edges. 

Crystals of a different type are found in asso¬ 
ciation with lithia minerals (lepidolile and rubel- 
lite) in pegmatites in tho Urals, California, and 
Madagascar. These arc tabular ?n habit and 
rose-red or colourless. Further, they differ 
ohemically in containing small amounts of 
alkalis (Cs a O 3*1, Li 2 (> 1*4 p.c.). V. Vernadsky 
(1908) expresses tho composition by the for¬ 
mula a;GlAl a Si 4 Oi a .i/A, where A is G1H 2 Si() 4 , 
GlfSi0 3 (?), Cs 2 Si() 3 , Li a SiO a , or Na 2 Si0 3 ; and 
for tho casium-bearing variety he proposes the 
name vorobyevite. 

Being by far the most abundant of glucinum 
minerals, beryl is employed for the preparation 
of the little-used salts of glucinum. It finds 
more extonsive application in jewell&y. The 
clear grass-green variety is the emerald, one of 
the most valuable of gems on««coount of the 
rarity of flawless material. Gem-stones of a 
greenish, bluish, oi sea-green colour are known 
as aquamarine. Fink beryl of gem quality has 
been called morganile, and a golden beryl from 
South-West Africa is given the name heliodor. 
For a fuller description of material of gem 
quality and its occurrences, sec M. Bauer, 
PreciouB Stones, transl. by L. J. Spencer, 
London, 1904. On the gem beryls from 
Madagascar, see A. Lacroix, Mineralogio dc 
la France, 1910, 1913. L. J. S. 

BERYLLIUM v. Glucinum. 

BERZELIANITE. Native copper selenide 
Cu a Se, occurring in a black powdery form in 
caloite at Skrikerum in Sweden and at Lehrbach 
in the Harz. Named after the Swedish chemist 
J. J. Berzelius (1779-1848), who first Inalysed it. 

L. J. S. 


BERZEUTE. Arsenate of caloium, manga¬ 
nese, and magnesium (Ca,Mn,Mg) 8 As a 0 8 , occur¬ 
ring as Imall yellow cubic crystals, and as com¬ 
pact masses, with ores of iron and manganese 
at Lnghan in Wermland, Sweden. Also 
named after J. J. Berzelius. Other forms of the 
same nJrne, berzeline and berzelite, have been 
appliecmo these, as well as to some other minerals. 

*L. J. S. 

BESSEMER STEEL v. Iron. 

BETAFITE. The betafite group of minerals, 
recognised by A. Lacroix in 1912 in the pegma¬ 
tites of Madagascar, includes betafite, samiresite, 
and blomstrandite (of G. Lindstrom, 1874). 
They are titano-columbatcs (and tantalates) of 
uranium, &c., crystallising in the cubio system, 
and closely allied to pyrochloro and hatchettolite. 
From tho former they differ in containing only 
little lime and rare-eartlis and an absence of 
alkalis and fluorine; and from the latter*in 
containing titanium. Betafite is a hydrated 
titano-columbatc of uranium (U0 3 20-28 p.c.). 
Sharply developed octahedral crystals with the 
edges truncated by faces of the rhombic- 
dodecahedron have been found in considerable 
numbers at Ambolotara near Betafo, and other 
localities m Madagascar. They reach an inch 
in diameter, and show a dull yellow weathered 
surface, but in the ulterior tho material is 
brownish-black with a bright greasy lustre. 
Sp.gr. 3 , 59-4*47f> depending on the degree of 
hydration. Samiresite, a tilano-columbate of 
uranium (U0 3 21 p.c.) and lead, is from Samiresy 
near Antsirabe. In blomstrandite a part of 
the columbmm is replaced by tantalum. (A. 
Lacroix, Mineralogie do la France ct do ses 
colonies, 1913, vol. v.) L. J. S. 

BETAINE (0H,) 3 N<°y=''X'0 may be 

regarded as the internal anhydride of the 
acid (CH 3 ) 3 N(OH)-CH a -COOfI derived from 
acetic acid by tho replacement of one atom of 
hydrogen by trimothyl hydroxyammonium. 

It occurs in beets and mangolds (especially 
unripe roots), m cotton seed, in the shoots of 
barley, in wormseed (Artenfisia gallica) and in 
many other plants, often in association with 
choline, from which it may readily be obtained 
by oxidation. For observations on the localisa¬ 
tion of betaine in plants and its part in the 
nitrogen metabolism, see Stan&k (Zeitsch. 
physiol. Chem. 1911, 72, 402). Betaine is found 
in tho extracts of muscles from the scallop, 
periwinkle, and lamprey. 

Betaine can be synthesised by the inter¬ 
action of chloracctic acid and trimethylamine 
(Licbrcich, Ber. 18(59, 2, 13). It can also be 
obtained by the action of a methyl haloid upon 
methyl dimethylaminoacetate (J. Chem. Soc. 
Abst. 1914, 1, 938). 

It can be extracted from beet-root molasses 
j by dilution with water, boiling with baryta, 
filtering, precipitating the excess of BaH a O a 
with GO 2 , evaporating the liquid to small volume, 
and extracting with alcohol. The alcoholic 
solution is treated with alcoholic zinc chloride, 
the ppt. recrystallised from water and a&wm* 
posed by baryta water. The barium is then 
exactly removed from the filtrate by # H j S0 4 , and 
betaine hydrochloride crystallises on evaporation 
(Liebreich, Ber. 3, 101; Friihling and Schulz, 
Ber. 10, 1070). 
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Urban (Zeitsch. Zuokerind. Bohra. 1913, 37, 
‘339) gives the following method. The evapo¬ 
rated dnolassea Residues are mixed with an 
equal volume of concentrated hydrochloric acid. 
After cooling, the alkali chlorides which have 
separated are removed by filtration,' and the 
filtrate is evaporated. The volatile^ organic 
acids and hydrochloric acid pass awiy, and 
humus substances are precipitated. These are 
also filtered off, and the residue further evapo¬ 
rated to a thick syrup. This is dissolved in 
water, filtered,. decolourised by charcoal, and 
concentrated, when nearly pure betaine hydro¬ 
chloride separates out (cf. Ehrlich, Ber, 1912, 
45, 2409; also Andrlik, Z. Zuokerind, Bohm. 
1915, 39, 387 ; J. Soc. Chem. lnd. 1915, i. 781 ; 
J. Soc. Chem. Ind. 1915, 1004). 

A general method of obtaining betaine from 
plant extracts is to precipitate with lead acetate, 
fiber, remove the lead by sulphuretted hydrogen, 
filter, evaporate to dryness, extract residue with 
alcohol, and precipitate with alcoholic mercuric 
chloride. The mercuric double salt is then 
recry stallised, decomposed by sulphuretted 
hydrogen, and the hydrochloride obtained from 
the solution by evaporation. If choline is also 

E resent, it can be removed from the mixed 
ydiwchlorides by extraction with cold alcohol, 
leaving the betaine hydrochlorido (Schulze, 
Zeitsch. physiol. Chem. 1909, GO, 155). 

Betaine crystallises from alcohol in large 
crystals containing one molecule of water. It 
is deliquescent in air, and loses its water when 
dried over sulphuric acid. Strong sulphuric 
acid has but little action upon it, even at 120° 
(Stanek, Zeit. Zuokerind, Bohm, 1902, 2G, 287). 

It is neutral to litmus, and has a sweet taste. 
It melts and decomposes at 293° (Willstatter, 
Ber. 1902, 35, 584), giving off the smell of tn- 
methylamine and of burnt sugar. The auri- 
chlonde CjH ll ND a *HCl , AuCl 4 , forms plates or 
needles which melt at 209° (Willstatter), or, ac¬ 
cording to Fischer (Ber. 1902, 35, 1593), at 250°. 
The platinichloride PtCl 4 2(C s H n N0 2 ,UCl),4H 2 0 
forms large plates; after losing its water it 
melts and decomposes at 242° (Willstatter). 

C 5 H ll NO a - HCl is very soluble in water, 
slightly soluble in cold alcohol. C 6 H n NO a HI 
is soluble in water or boiling alcohol, and melts 
at 188°-190°. A compound with KI crystallises 
as^CjHnNOjJj'KI^HjO, m.p. 139° (Korner and 
Menozzi, Gazz. chira. ital. 13, 351), or, if anhy¬ 
drous, at 228°-229° (Willstatter). 

Stoltzenberg (Zeitsch. physiol. Chem. 1914, 
92, 445) prepared the following compounds of 
betaine:— 

The hydrofluoride and acid hydrofluoride, 
basic hydrochloride(OjH, 1 NO ? ) 2 HCTH a O, mono¬ 
clinic prisms, m.p. 250° (decomp.); C 6 H n N0 3 ' 
HBr, m.p. 233° (decomp.); basic hydrobromide 
(C 6 H 11 NO a ) 8 HBr, prisms, m.p. 262°; basic 
hydriodide (C 6 H n NO a ) 2 HI, glittering plates, 
m.p. 242°; basic aurichloride 5C 6 H n NO a . 
4AuCL‘H a O, yellow crystalline powder, m.p. 
169° (decomp.); basic auribroniido SCjHjjNO^ 
4AuBr 4 , m.p. 185°; auribromide C fl H n N0 2 - 
rlAuBr 4 , dark brown plates, m.p. 260° (decorap.); 
two platinichloridcs, one with 4H a O, m.p. 
254°-265° the other with 3H s O, m.p. 255°-260®; 
a basio platinichloride 5C 6 H,iNO a -4H a PfcCl 4 , 
orange crystals, m.p. 246° (deoomp.); the 
phosphate, m.p. 199°; the sulphate (C 5 H u N0 9 ) a 


H a S0 4 , rhombio crystals, m.p. 180°; the 
nitrate, m.p. 124°; ‘the chlorate, m.p. 115°; 
the< dichromate, m.p. 226°-227° (decomp.) • 
and the permanganate, m.p. 120°. The chlorate 
and permanganate explode on percussion or 
rapid heating. 

On heating betaine witli potassium hydroxide 
at 200°-220°, about ono-third of the nitrogen is 
eliminated as trimethylamine, carbon dioxide 
being evolved. The compound in alkaline solu¬ 
tion gives a hydrochloride C 4 H 8 O a N,HCl, m.p. 
187°-189°. The platinochloride forms a yellow 
crystalline mass, m.p. 120°-121° (Albers, Chem.* 
Zeit. 1913, 37, 1533). 

The term ‘ betaine ’ is now generally used 
for substances containing the group 

CO— 


with other alkyl- groups than mothyl, or other 
acyl- groups than acetyl. 

Thus, d hurt h y l dht/lacdylbelainc or (since 
acetyl is to be understood if no acyl- group is 
mentioned) dt melhylethylbdaine 

^S^WCHAco 

crystallises from alcohol in four-sided plates, . 
melting and decomposing at 229°-23l° (Will¬ 
statter), while Inmcthylbulyrobetaine 

(CH 3 ) 3 N OH J—CHj^o 


crystallises in colourless plates with 3H a O; in 
the anhydrous state it softens at 130° and 
decomposes at 222° (Willstatter). 

The betaines are isomeric with the esters 
of amino- acids; thus, ordinary betaine is 
isomeric with methyl/iiraethylaminoacetate 
(CHj^N-CH/CO-OUHa, a volatile oily liquid, 
b.p. 135°, Wnile trimethylbutyrobetaine is iso¬ 
meric with methyl-y-dimethylaminobuty rate 
(CH a ) a : N-CH a -CH a : CH a -COO-CH 8 , b.p. 171°- 
173°. 

(For betaines of the pyridine series, see 
Kirpal, Monatsh. 1908, 29, 471). 

According to 8cliulzo and Trier (Zeitsch. 
physiol. Chem. 1910, G7, 4G), the three betaines 
which have been isolated from plant tissues are : 
betaine, trigonelline [found in fenugreek by 
•Jahns (Bor. 1885, 18, 2518) associated with 
choline], and stachydrine, found in the tubers 
of Stachfis tuberifera and in the leaves of Citrus 
auranlium ( v . Trigonelline and Stachydrine). 

Betaine C 6 " n O a N ( lycine, oxynevrine) occurs 
in sugar-beet and in numerous other plants. 
Crystalline, m.p. 293° (drv), optically inactive. 
Sweet taste. The hydrochloride has been used 
in medicine. It is formed by the oxidation of 
choline and by the action of triipethylamine 
on chloroacetic acid 

CH,C1 COOH-f-NMe, CI NMe. CH.-COOH 

Cliloroacetic Trimethyl- Betaine hydrochloride. 

acid. amine. _ 

-> NMe.-CH.COd!) 

* Betaine, 

The special anhydride grouping (bet&ine 
grouping) characteristic of betame oeoun in 
several natural alkaloids, e.g. trigonelline. ' 
Naturally ^occurring betaines of other amino- 
acids are betoriicine, ergothioneine, hypaphorusa, 
trimethylhistidine, trigonelline, and rtaahy- 
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drine. > See B»rger, The Simpler Natural Bases, 
ohap iii., Longmans, 1914. H. I. 

BETAINES are completely methylated »mino- 
acida with, quinquevalent nitrogen. Bases of 
this type derived from several of the amino- 
acids of protein occpr naturally in plants and 
animals, Betaine par excellence 

(CH,) s N< C ^>CO 

is the most important and the simplest, being 
trimethylglyeine, and later gave its name to 
the whole class (for the nomenclature and 
general properties of which, set Willstatter, Bor. 
1902, 35, 584, and S. Komatsu, Mem. Coll. Sei. 
Kyoto, 1916,1,369). Betaine (acetobetaine, oxy- 
neurine-, lycine) occurs in Beta vulgaris, the sugar- 
beet, and in all other Chenopodiacecc examined, 
sporadically in a number of other plants, in 
mussels, cuttle fish, crayfish, &c. For localisa 
tion and migration oi betaine m plants, .sr< 
Stan"k (Zeitsch. pliysiol. Chem. 1911, 72, 402 
and Zeit. Zuckerind, Bohln. 1916, 40*300). 
Young sugar beets contain more than older 
ones. Crude beet-sugar may contain 0-375 p.e. 
of betaine (Waller and Phmmer, Proc. Roy. 
Soo. 1903, 72, 345). The only practical natural 
source is the linal mother liquor left after 
desaccharification of the molasses by strontium, 
which liquor, with 20 p.e. ®f water, may con¬ 
tain 115 grams of betaine per kilo. The extrac¬ 
tion of betaine* is apparently best carried out 
by vigorous agitation with 96 p.e. alcohol. 
After evaporation of the alcohol ^the botamc is 
converted into chloride and * ^lallised as 
such. Yield of the liquor of pure chloride 
10-12 p.e. of the liquor employed (Ehrlich, 
Bor. 1912, 45, 2401V; 1). ft. P. 157173; cf. 
Stoltzcnberg, Ber. 1912, 45, 2248; 1). ft. P. 
243332 ; and Chem. Zentr. 1914, f. 22 ; Urban, 
Zeit. Zuckerind. Bohm. 1913, 37, 339; 

Andrlik, t bid. 1915, 39, 387). 

Betaine is also obtained by the oxidation of 
choline (‘ oxyneurine,’ Liebreich, 1869), by the 
methylation "of glycine and, as chloride, by the 
action of trimethylamine on chloracctic acid. 
A synthesis by heating methyldimothvlamino- 
acetate with methyl halides and subsequent 
hydrolysis of the betaine ester with acids is 
stated to give a quantitative yield, and has 
been patented (1). R. P. 269338). For 
the isolation from plant extracts “Schulze) 
and estimation (Stan6k), see the article on 
Choline. • 

Betaine crystallises from alcohol in deli¬ 
quescent crystals, which loso one moleeulo of 
water at 100°, presumably changing from the 
ammonium hydroxide to the cyclic anhydride. 
It melts at 293° with partial isomerisation to 
methyldimethylaminoacetate (Willstatter, l.c.). 
It is a very feeble base, and neutral to litmus. 
The chloride Cl(CH 8 ) 8 N CHyCOOH forms leaflets 
very soluble in water, and peculiar among the 
chlorides of organic bases in being hardly 
soluble in alcohol <1 part in 365 c.c. at room 
temperatures; separation from choline and 
other bases). This salt has a strongly acid 
reaction and has been used as a solid substitute 
for hydrochloric aoid under the name * acidol ’ 
in the preparation of tablets, &o. (c./. acid pepsin 
tablets, D. R. P. 172862). When pure it is a 
convenient standard for alkali m etry. The 


aurichloride CjHnOjN HAuCl 4 is the most 
characteristic derivative, and is dimorphous*, 
regular,*m.p. 209°, and rho!nbio, m.p 248°- 
250° (Fis«her, Ber. 1902, 35, 1593 ; Willstatter, 
ibid. 2700). The plalinichhride 
I (C 6 H 11 O t N) 2 H a PtCl e , 
m.p. 2^2°, crystallises from hot water in anhy¬ 
drous needles, which in contact with (he aqueous 
mother liquor form four-sided tables with 4H a O 
(Trier, Zeitsch. physiol. Chem. 1913, 85, 372), 
who recommends this as a test for betaine). The 
■picrate, m.p. 180°, may also be used for the 
separation from mixtures. A large number of 
other salts have been described by Stoltzenberg 
(Zeitsch. physiol. Chem. 1914, 92, 445). Betaine 
is not a nitrogenous food ; it has no appreciable 
action on animals, and the part played 4>y it in 
plant economy is obscure. 

Other betaines occurring naturally, aft: 
Btachydrine 

CH,-CI1< ( ^ ) >0 

OH.—CH^( ( -H S ), 

2 

the betaine of a-pyrrolidme carboxylic acid 
(proline) was discovered in the edible tubers of 
Btachys tub if a a (Von I Manta, Ber. 1890) 23, 
1699). and occurs in a few other plants. Accord¬ 
ing to Yoshimura and Trier (Zeitsch. physiol. 
Chem. 1912, 77, 290), the alkaloid chrysanthe- 
mine described by Manno-Zueo as occurring in 
Dalmatian insect powder (Chi ysanthemum cine- 
rariaefolium) is a mixture of stachydrine and 
choline. Stachydrine has been obtained synthe¬ 
tically by methylating prolino (Engeland, Ber. 
1909, 42, 2962), and from the methyl ester of 
hygric acid (Trier, Zeitsch. physiol. Chem. 
1910,67,324). 

Betoniane 

HOCH—CH<^>0 


cb a —CH^ (CH s )j 

is dextro rotatory oxyprolmc betaine and turicine 
its stereoisomer. Both occur in Betonica 
officinalis and have been obtained by methylating 
natural oxyproline (Kiing, Zeitsch. physiol. 
Chem. 1913, 85,217), and natural 4-hydrohygric 
acid (Goodson and Clewer, Trans. Chem. Soc. 
1919, 115, 923). 

'l'rimelhylhistidine. 

7 NH-CH (CH 3 ) 3 N—O 
CH< •• I | 

%-C—CH 2 —CH—CO 

tho betaine of histidine, has been obtained 
from fungi (Kutscher, Zentralbl. f. Phvsiol. 
1910, 24, 775; Reuter, Zeitsch. physiol. Chem. 
1912, 78, 167), and by the oxidation of ergothio- 
neinc. (Barger and Ewins, Biochem, J. 1913, 7, 
204). The latter base contains an additional 
sulphur atom in the glyoxaline ring and occurs 
in ergot ( q.v .). 


CDvCH—CO 


0 


3 N—I) 0 

_^ , occurs in 

! of Eryihrina Hypaphorus of Java (Greehofi, 


X nh (CH -' 


| the betaine of tryptophane, occurs in the seeds 
Hypaphoi 


a 
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Mededeelingen uit’s Lands Plantentuin, 1898). 
For constitution and synthesis, see Van Rom- 
bnrgh and Barged Chem. Soo. Trans. MU, 99, 
2068. 

All the above are derived from a-amino- 
acids. The next three are not. TritjoVdlinc 


CH 


' Ch/^C-CO * 

CU\ JcH | 

(CH a )N-0 

tho betaine of nicotinic acid, lias been found in 
quite a number of plants, but generally only in 
very small amount. It probably occurs in 
many more species. It was discovered in tho 
fenugreek ( Trigomlla feenum gnecum) by Jahns 
(Ber. l§8f>, 18, 2518), who later showed it to be 
identical with tho ‘ mcthylbetain ’ of nicotinic 
acyd, already synthesised by Hantzsch (Ber. 
1880,19,3140). 
y - Butyrobetaine 

was obtained by Takeda (Pfluger’s Archiv. 
1910, 133, 305) from dog’s urine after phos¬ 
phorus poisoning (which interferes “with the 
deaminating action of the liver). It is almost 
certainly identical with one, if not with three, 
of Brieger’s putrefaction bases (Untcrsuch. 
liber Ptomaino, i. p. 27, Berlin, 1880), and was 
first synthesised by Willstatter (Ber. 1902, 35, 
584). 

Carnitine, a-hydroxy-y-butyrobetaino 


<CH s ) 3 I N<^Z^>CHOH 

is a hydroxy derivative of the foregoing, and 
was isolated from meat extract (.weld 1.3 p.c.) 
bv Gulewitsch and Krimberg (Zeitsch. physiol. 
Chem. 1905, 45, 320), and by Kutselier (Zeit. 
Unters. Nahr. Gbnussm. 1905, 10, 628 ; 4 no- 
vain ’). According to the latter, it is identical 
with a base C 7 H, 6 0 3 N, isolated from human urine 
by DombrowBki (Compt. rend. 1902, 135, 244). 
Heating with baryta yields tnmethylamine and 
crotonic acid ; phosphorus and hydriodic ac id 
reduce to 7 -butyrobetame. Racemic carnitine 
was probably synthesised by Fischer and 
Uoddertz, (Ber. 1910, 43, 3272). The small 
differences from natural carnitine were probably 
connected with the optical activity of the latter 
substance. 

Myokynine, isolated by Ackermann (Zeit. 
Biol. 1912, 59, 433) from the muscles of horses 
and dogs, is probably /-hex amethyl-ornithine 


(CH s ) 3 N(OH)-CH a -CH 2 'CH a 'CH-(COOH)-N-(CH s ) 3 OH ! 

All the above bases, or at least all tho a- | 
betaines, are without marked physiological 
activity. 

For a fuller account of betaines, see Barger, 
The Simpler Natural Bases, Longmans, 1914. 

G. B. 

BETEL. A mixture of the leaf of the betel- 
pepper, Piper Betle (Linn.) with the fruit of j 
Areca catechu (Linn.) or betel xiut and chunam | 
(Im% obtained by calcining shells), universally ] 
used Dy the people of Central and Tropical Asia j 
as a masticatory. 

• BETEL/IUT. The fruit of Areca catechu 
(Linn.) v. Abbca Nut. 

BETH-A-BARRA WOOD. A wood im- 
ported from the West Coast of Africa, much 


valued for its toughness and capability of 
receiving a high polish. The interstices of the 
fibr« s (ire filled with a yellow crystalline substance 
which can bo extracted from the sawdust by 
heating with distilled water containing a Mfetle 
sodium carbonate, and precipitating the resulting 
claret-coloured solution with acetic acid. It is 
purified by repeated crystallisations from 80 p.c. 
alcohol. By precipitating the red solution with 
hydrochloric acid and washing the resulting 
precipitate with ether, Greene and Hooker 
(Amer. Chem. J. 11, 207) found the crystals to 
be identical in all respects with lapachic. acid. 

If diffors from chrysophanic acid by melting 
at 135° and in not forming a compound with 
alum (.Sadtler a. Rowland, Amor. Chem. J. 
1881, 22). (For tables showing the difference in 
the reactions of brasilm, hawnatoxylin, santalin, 
and beth-a-barra, v. Amer. Chem. J. 11, 49, and 
Wagner’s Jalir. 28, 637.) 

BETOL /3 NAPHTHOL SALICYLATE v. 
Synthetic druos. 

BETONICINE •* Betaines. 

BETORCIN or /3-ORCIN C 8 H 50 O a . A sub- 
stance obtained by the decomposition of bar- 
batic acid, found in tho lichen Usnea larbala. 
It is less soluble in water than orcin, and gives a 
deeper crimson colour with hypochlorites. 
Kostanecki has obtained it by the action of 
nitrous acid on w-atnino-p-xylenol, thus showing 
that it is a dihydroxy-xylonc (dimcthylresorcinol) 
having the substituting groups in tho positions 
CII 3 , CH 3 , Oil, OH—1, 4, 3, 5 (Stennouse a. 
Groves, Chun. .Soc. Trans. 37, 39G ; Lampartie, 
Annalen, Fat 218; Menschutkin, Bull. 8oo. 
chim. 2, 428; Kostanecki, Ber. 19, 2321). 

BETULA RESIN r. Resins. 

BETULOL 0 l5 H 24 O, a Acyclic sesquiterpene 
alcohol of the terbene type found in birch oil, 
B.P. 157-°lc>8713 mm., D 16 09777, n-^i-5150, 
a 1 ^—20-5°. Slowly absorbs hydrogen in pre¬ 
sence of platinum yielding tetrahydrdbetrol , 
b.p. 153°-158°/14 nun., D 18 0 9415, 1-4908, 

a 1 ^— 0.8°, and bicyelic tetrahydrobetulene C, 6 H 88 , 
bp. 118 o -120°/l 1 mm., D 18 0*8737, » 18 14744, 
3°. For other derivatives see Semmler, 
(Jonas and Richter, Ber. 1918, 51, 417). 

BEZETTA. Tout nesol cn drapeaux. Schmink- 
lappchcn. Bezelta rubra et ccerulea. A dye or 
pigment ^prepared by dipping linen rags in solu¬ 
tions of certain colouring mat ters. Red bezetta is 
coloured with .dimeal, and is used as a cosmetic. 

Blue bezetta ( Tournesol en drapeaux), which 
is chiefly used for colouring the rind of Dut<fh 
cheeses, is prepared at Gallargues, near Nimes, 
in the department of Card, from a euphorbi- 
aceous plant, Chrozophora tincloria (A. Juss.) 
[Croton tinclonus]. The fruits and the tops of 
the plants are gathered, and, the juice being 
expressed, rags of coarse cloth are dipped into it, 
then dried, and afterwards exposed to the fumes 
of mules’ or horses’ dung. This last operation 
is called alunnnadou. The cloths are turned 
from time to time, to ensure uniform colouration 
and prevent any part fjom being exposed too 
long to the fumes of the dung, which would 
turn them yellow. They are then dried a 
second time, again soaked in the juioe, mixed 
this time \tith urine, and lastly exposed for some 
time to the aotion of the sun and wind. The 
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quantity thus manufactured amounts to about 
60 tons yearly. The blue of bezetta is reJdened 
by acids like litmus, though not so quictfy*but 
diflprs from the latter in not being restored by 
alkalis. According to July, the same dye may 
be obtained from other euphorbiaooous plants, 
Chrozorphora oblongata |oblvpta (A. .fuss.) V |, 
C. plicata (A. Juss.), Argithamnia Iricuepidata 
(Muell.), Mercurialis perennis (Linn.), and M. 
tomentosa (Linn.). The juice exists in all theso 
plants in the colourless state, and turns blue only 
on exposure to the air (Handw. d. Chem. 2, [1] 
1030 ; Gerh. Traits, 3, 820). 

BEZOAR. This name, which is derived from 
a Persian word signifying an antidote to poison, 
was given to a concretion found in the stomach 
or intestines of an animal of the goat kind, 
Capra aegragus, which was once very highly 
valued for this imaginary quality, and has thence 
been extended to all concretions found in 
animals. 

According to Taylor (Phtf. Mag. No. 18(5, 30, 
and No. 186, 192), bezoars may bo divided 
into nine varieties: 1. Phosphate of calcium, 
which forms concretions in the intestines of many 
mammalia. 2. Phosphate of magnesium; 
semi-transparent and yellowish, and of sp.gr. 
2-160. 3. Phosphate of ammonium and mag¬ 
nesium ; a concretion of a grey or brown colour, 
composed of radiations from a centre. 4. 
Oxalate of calcium. 6. Vegeta bio fibres. 6. 
Animal hair. 7. Ambergris. 8. Lithofollic 
acid. 9. Ellagic or bozoardic acid. 

Of true bezoars thero are three kinds: Oriental. 
Occidental, and German. The true Oriental 
bezoars found in the Capra cegragus, tho gazelle 
(Oazella dorcas), and other ruminant animals, 
are spherical or ovaf massos, varying from tho 
size of a pea t( that of the fist, anjj oomposed of 
concentric la}’era of resinous matter with a 
nucleus of some foreign substance, such as pieces 
of bark or other hard vegetable matter which 
the animal has swallowed. They have a shining 
resinous fracture, are destitute of taste and odour, 
nearly insoluble in water and aqueous hydro¬ 
chloric acid, but solublo for tho greater part in 
potash lye. These characters suffice to distin¬ 
guish the Oriental bezoars from those varieties 
which contain a considerable quantity of in¬ 
organic matter. There are two kinds of them, 
the one consisting of ellagic, the oth^ of litho- 
fellic acid. The latter have a more waxy lustre 
and greener colour than the former, and are also 
distinguished by their lowcr*“B£.gr., viz. H, 
whilst that of tho ellagic acid stones is 1-6. They 
contain, besides lithofellio acid, a substance 
resembling the colouring matter of bile, and are 
perhaps biliary calculi. Oriental bezoars are 
greatly prized in Persia and other countries of 
the East for their supposed medical properties. 
The Shah of Persia sent one in 1808 as a prosent 
to Napoleon. The Occidental bezoars are found 
in the lama ( Auchenia glama) and in A. vicugna . 
They resemble the Oriental in external appear¬ 
ance, but differ totally in their chemical cha¬ 
racters, inasmuch as they consist chiefly of cal¬ 
cium phosphate, with* but little organio matter. 
German bezoars, which are chiefly obtained 
from the chamois or gemsbook ( Rupicapra 
tragus), oonsist chiefly of interlaced vegetable 
fibres or animal hairs bound together by a 
leathery coating. 


BICUHYBA FAT. See Myrjbtica fat 

GROUP. * 

BIDftY. An Indian allojf of zinc, «copper, 
and lead‘and occasionally tin. Articles of this 
alloy, aftpr being turned in a lathe and engraved, 
are blacJened by immorsion in a solution of sal 
amnionic, nitre, common salt, and copper sul¬ 
phate. / Known also as Vidry. 

BIEBRICH ACID RED, PATENT BLACKS, 
SCARLET PONCEAU v. Azo- colouring mat¬ 
ters. 

BIGNONIA TECOMA. 1 TECOMIN. The 

Bignoma tccoma is a somewhat common tree in 
tho uplands of Minas, Brazil, which when fully 
grown is about 30 feet high and in September 
is covered with brilliant yellow flowers. The 
natives mix the sawdust and shavings of this 
tree witli slakod lime, heat the mass witn water 
and employ the resulting bath to dye cotjpn 
cloth. A paste made of the sawdust mixed with 
lime is also used to stain lightor-coloured woods 
a deep brown. By exhausting the sawdust 
with boiling 85 p.c. alcohol ana concentrating 
thi‘ extract, Lee (Chem. Soc. Trans. 1901, 79, 
284) isolated tho colouring matter tecomin. 
This, winch has apparently not been submitted 
to analysis, forms shining chrome-yellow crystals 
possessing a nacreous lustre, soluble in tfikalis 
with a rose-red colouration. 

A further quantity of this compound could 
be isolated from the alcoholic filtrate, the total 
amount thus given by the wood being approxi¬ 
mately 5 p.c. 

The sawdust extracted with alcohol still 
contains a deep brown dye which may now be 
removed from it by alkalis, and by acidification 
tins is deposited as an amorphous brown 
powder. Nothing is at present known as 
regards the jplationship, if such exists, between 
tecomin and the colouring njatter of chica red 
or carajura, which originates from the Bignonia 
chica. A. G. P. 

BIKHACONITINE i>. Acotinine. 

BILBERRY. Xactinium Myrtillua (Linn.), 
Konig gives as the average* composition of the 
fruit: 

Free Other carbo- Crude 
Water Protein acid Sugar hydrates fibre Aeh 
78-4 0-8 1*7 6-0 0-9 42-3 1 0 

According to Otto (Biod. Zentr. 1899, 28, 
284), Silesian bilborries contain from 3-5 to 7-0 
p.c. of sugar and acid corresponding to from 
0-9 to 1-5 p.c. of tartaric acid.. He found 
that fermentation of the juice with ordinary 
y.*ast wa3 very slow unless some nitrogenous 
matter ( e.g . ammonium chloride or, better, 
asparagine (about 0-6 gram per litre)) were 
added. Bilberries contain a small quantity of a 
wax melting at 71° (Seifert, Landw. Versuchs- 
Stat. 1894, 45, 29). 

The juice of bilberries contains from 4 to 
9-5 p.c. of total solids, 0-25 to 0-31 p.o. ash, and 
acidity corresponding to from 15-5 to 19*6 o.c. 
N/l alkali. The juice contains some substance 
wnich gives u blue colouration when heated with 
hydrocWorio acid. This oolouration *is ap¬ 
parently not connocted with the red colouring 

» According to Holmes the name Mignonia Utcom ■ 
does not appear -In the Kew Index, but o»ly 
Bignonia ttcmoldes, which Is, however, a shrubby 
species, 
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jjoatter of the berries and appears to^e cha¬ 
racteristic of the, Vacciniacece for cranberries, 
VaccinCam vitis Idcea also yield the same 
reaction (Plahl, Zeitsch. Nahr. Genus m. 1907, 
13, 1). { 

The sugar in bilberries is ontirel’’ invert 
sugar (Windisch and Boehm, ZeitstA Nahr. 
Genussm. 1908, 8, 347). The ash couta.ns: 

K,0 Na a O CaO MgO F 0 jO 3 Mn.0 4 P,0 5 SO, SiO* 
67-1 6-2 80 0 1 M 2-1 17-4 31 0-9 

(Borggreve and Homberger, Bied. Zentr. 1886, 
487). 

Bilberries contain a red-brown dye, insoluble 
in acidified water and a soluble dye which, when 
boiled with acid, yields sugar and the insoluble 
colouring matter (Woigert, Bied. Zentr. 1896, 
25, 58). 

cThe juice of this berry (Ger. Ileidelbcere.) 
is used for colouring wines. The colouring 
matters of grapes and of bilberries behave in 
an almost identical way with most reagents 
(Andree, Arch. Pharm. [3] 13, 90; Ber. 13, 
582 ; Plahl, Chem. Zentr. 1907, i. 837). 

To detect bilborry juice in nine, 50 c.c. of 
the wine is made faintly alkaline with sodium 
hydroxide, and evaporated to half its volume. 
After cooling it is made up to the original volume 
and precipitated with lead acetate. The filtrate 
is then precipitated with sodium sulphate and 
after filtration the solution is acidified with 
hydrochloric acid. If any vegetable colouring 
matter is still present, the solution at once 
becomes red, but the blue oolour given by 
bilberry only appears on heating the solution in 
a. boiling water-bath. In this way 2 p.c. of 
bilberry juice can be detected (Plahl, Chem. 
Zentr. 1908, i. 1482). 

According to Vogel (Ber. 2^ 1746), the 
colouring matter cf. grapes and of bilberries can 
be readily distinguished by their absorption 
spectra, providing the wine is not too concen¬ 
trated, and after adding a trace of alum solution, 
it is carefully neutralised with ammonia. After 
long keeping, however, the colouring matters 
cannot be distinguished in this way. 

The colouring matter of the juice can be 
extracted by neutralising it with caustic soda and 
then treating it with hide powder. After two days 
thft hide powder containing the colouring mattor 
is filtered off, washed with water, and treated 
with dilute hydrochloric acid, after which it is 
precipitated with dilute soda. The colouring 
substance, probably C.oH^Oa, is soluble in 
mineral and organic acids, but insoluble in water, 
alcohol, ether, chloroform, or benzene. It 
reduoes Pehling’s solution, and is decomposed by 
hot oonc. sulphuric acid, a compound C 14 H 14 0 7 
being thrown down when water is added to the 
red solution thus obtained. The colouring 
matter is oxidised by nitric acid to oxalic and 
picric acids. It slowly decomposes on stand¬ 
ing, evolving carbon dioxide, and its solution 
when treated with copper sulphate or ''zinc 
ohloride, turns violet; with lead acetate it turns 
Wue, end with ferrio chloride dark - brown 
jjjjaohen, Chem. Zentr. 1895, 66, 1084), 

Cqiwidera|)le quantities of citric and malic 
arid* are present in the juice, which also contains 
hydrocarbons, glucoses, pentoses, and inositol 
(Nachen, Lc.). Ammonia turns bilberry juice 
ft brownish-green; nitric apid in the cold blue, 


changing to red and becoming orange on boiling; 
lead acetate gives a blue preoipitate, oopper 
Bulj&fte a violet oolour, sodium carbonate a 
blue-black, and borax an amaranth ^red 
(Griessmayer, Chem. Zontr. 8, 381). 

When chlorine is passed into the juice, a 
bright-grey amorphous precipitate is obtained 
(Nachen, l.c.). 

(For quantitative analysis of the juioe, com¬ 
pare Mathes, Muller, and Ramstedt (Chem. 
Zentr. 1905, i. 407); Liihring, Bohrisch, and 
Hepner (ibid. 1907, ii. 1755); Shamm and 
Jegin (ibid. 1907, i. 983); Behre, Grosse, and 
Schmidt (ibid. 1909, i. 450).) 

When the juice is fermented, the produota 
include aldohyde, and capric, propionic, valeric, 
and butyric acids (Nachon, l.c.). 

Wino has been prepared from bilberry juioe 
by allowing it to formont spontaneously when 
mixed with a third its weight of honey. The 
wino thus prepared bears prolonged storage, is 
rich in alcohol and tannin, is of a rich clear 
colour, and has ai; agreeable flavour (Graftien, 
Bl. Assoc. Beige dos chim. 12, [3] 107; Otto, 
Bied. Zentr. 1899, 28, 284). 

When bilberries arc extracted with chloro¬ 
form, the solution evaporated, and the residue 
extracted with 1 ight petroleum, the soluble portion 
yields a wax, m.p. 71°, and a crystal line com pound, 
probably vitin, imp. 255°-260° [a^-f-60-72® 
(Seifert, Landw. Versuchs-Stat. 45, 29). 

BILE. Bile is the secretion of the liver whioh 
is poured into the duodenum (the first part of 
the small intestine). It can be collected in 
animals by means of a biliary fistula ; the same 
operation has occasionally been performed in 
human beings. After dentil, the gall bladder 
yields a good supply of bile, which is more 
concentrated Chan that obtained from a fistula. 
Tho amount of bile secreted is differently 
estimated by different observers; in man it 
probably varies from 500 to 1000 o.c. per diem. 

Its constituents are the bile salts proper 
(sodium glycoeholate and taurocholate), the bile 
pigments (bilirubin and biliverdin), a mucinoid 
substance, small quantities of fats, soap, 
cholesterol, lecithin, urea, and mineral salts, of 
which sodium chloride and the phosphates of 
calcium and iron are the most important. 

Bile is a yellowish, reddish-brown, or green 
fluid, according to the relative preponderance 
of its two chief pigments. It has a musk-like 
odour, a bitter-sweet taste, and is alkaline to 
litmus. Tho specific gravity of human bile is 
1'026 to 1-032 from the gall bladder, and aboift 
1-011 when derived from a fistula. The greater 
concentration of gall-bladdqj bile is partly 
explained by the addition to it from the wall of 
that cavity of the mucinoid material it secretes, 
Tho following table will, however, show that 
the low percentage of solids in fistula bile is due 
mainly to paucity of bile salts. This is accounted * 
for in the way first suggested by Schiff—that 
there is normally a bile circulation going on in 
the body, a large quantity of the bile salts that 
pass into the intestine being first split up, then 
re-absorbed and again synthesised and secreted. 
This would obviously be impossible in CAses 
where all the bile is aisohargea to the exterior 
through a fistula. The following is the tftble in 
question, tho results being the zn$an of seven] 
analyses of human bile;—- 
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Fistula Gall-bladder 


Constituent! 

bile 

bile 

Bile salts 

. 0-42 

914. 

Cholesterol, lecithin, fat 

. 8-07 

118 

Mucinoid material . 

. 017 

}2-98 

Pigment. 

. 0-07 

Ash . . * 

0-60 

0-78 

Total solids 

1-39 

14-08 

Water (by difference) 

08-61 

85-92 


For methods of analysing human bile, s^c v. 
Czyhlarz, Fuchs and v. Furth, Biochem. Zeitsch. 
1913, 49, 120 ; Analyst, 1913, 208. 

The Fel bovinum purification of the pharma¬ 
copoeia is made by mixing ox bile with twice its 
volume of rectified spirit: this is sot aside for 
12 hours until the sediment subsides; the clear 
solution is decanted and evaporated on the 
water - bath until it acquires a consistence 
suitable for forming pills. The material so 
obtained consists mainly of bile salts, cholesterol, 
fats, salts, and a certain amount of the mucinoid 
material. Its yellowish-green colour is duo to 
bile pigment. It is given in doses of 5 to 10 
grains, usually as pills coated with keratin to 
obviate its deleterious action on gastric digestion. 
It is given mainly in cases where the natural 
secretion is absont or scanty, as in jaundice. 
But for a full description of its medicinal hses, 
and also for a description of *the action of drugs 
(cholagogues) which stimulate the liver either 
to secrete more'bile or to causo a discharge of 
bile already formed, the reader is referred to any 
standard text-book on Pharmacology. 

Planner's crystallised bile. The bile salts 
are soluble in wator and in alcohol, but not in 
ether. Their solution in alcohol is therefore 
precipitated by etherf and this precipitate gives, 
with proper precautions in technique, rosettes 
or balls of fine needles, or 4-6 *sided prisms 
composed of the bile Balts. This preparation is 
known as PJpttner’s crystallised bile; it is 
usually made from ox tyle, in which case the 
main constituent is sodium glycocholate. 

The bile salts. The sodium salts of glyco- 
oholio and taurocholio acids are those most fre¬ 
quently found. The former is more abundant in 
the bile of man and herbivora, the latter in car¬ 
nivora. Glycocholic acid (C M H 43 N0 4 ) is by the 
action of dilute alkalis and acids, and also in 
the intestine, hydrolysed and split into glycine 
(amino-acetic acid), and cholalio (clftlic) acid 

C 2l H 4S NO,4-H a O=C a H fi Nd^C 21 H 40 O 5 

fts sodium salt ha?, the formula C 2e H 42 NaN0 4 . 
Taurocholio acid (C 2c H 45 N0 7 S) similarly splits 
into taurine (ammo-ethyl sulphonic acid) and 
cholalic acid 

Oj,H, 5 NO 7 S + H 1 O=C 2 H 4 NH a 'HSO.,+C 24 H 40 O 5 

Its sodium salt has the formula C 26 H 44 NaN0 7 S. 
These substances -usually are detected by 
Pettenkofer’s reaction; small quantities of 
cane sugar and sulphuric acid added to the bile 
produce a brilliant purple colour. This is due 
to the interaction of 4urfuraldehyde (produced 
from the sugar and sulphuric acid)*ana cholalio 
acid. 

Throughout the animal kingdom considerable' 
variations are found in the bile salt! ThuB in 
many fishes potassium instead of sodium salts 


are prdtent. There are also variations-in the 
bile aoids themselves; for instance, in the pii 
hvoglyoooholic acid (C ?7 H 48 frO.) takes the 
plaoe of Ordinary glycocholio acid, and in the 
goose chinotaurocholic acid (C 89 H 48 NSO,) of 
ordinaryitaurocholic acid. 

A g/od deal of work has been expended 
on the Constitution of cholalio acid, but much 
yet romains to be done. According to Mvlius, it 
is a monobasic alcohol acid with a secondary 
and two primary alcohol groups. Its formula 

jCHOH 

may therefore be written C 20 H 31 (<JH 8 OH) 2 . On 

.. . . ICOOH 

oxidation it yields other acids, which have 
been named dehvdrocholalic acid (C B4 H 84 0,) f 
bilianic acid (U 24 H 34 0 M ), cilianic acid (C 20 H 2s O 8 ); 
on reduction desoxycliolalic acid (C 24 H 40 O 4 ) 
is obtained. 

Choleic acid is another cholalio acid, with ftie 
formula C 24 H 40 O 4 , found in small quantities in 
| the bile of ox and man. It is probably identical 
with desoxycliolalic acid. Fellic acid (C 83 H 40 6 4 ) 
is still another acid obtainable from human bile 
along with the ordinary acid. The principal 
cholalic acid in boar's, bile is termed uraocholeic 
acid (C jk H 2 A or~C, e H 30 O 4 ) by Hammarsten. 
The same investigator finds in the walrua that 
the principal bile acids are a-phoceetaurocholic 
acid, tho cholalic acid from which has the 
formula C 22 H 3n 0 6 ; and j6-phoc»taurocholic 
acid, the cholalic acid from which differs in 
certain particulars from ordinary cholalic acid, 
although it has tho same empirical formula; 
lie terms it wocholalic acid. 

The bile pigments. Bilirubin has the formula 
^ ! 32 H 36 N 4 0 # , and biliverdin contains more 
oxygen (C lfl H l8 N 2 0 4 )«; in bile exposed to the 
air, bilirubin is fairly rapidly oxidised to 
biliverdin. Tt has been proved by physiological 
experiment that the bile pigment is an iron-free 
derivative of tho blood pigment; it is, in fact, 
identical with the substance termed hgematoidin, 
which occurs usually in crystalline form in 
extravasations of blood in the body, as in a 
bruise. The bile pigment snows no absorption 
bands with the spectroscope, and is deteoted by 
various colour reactions, of which the moat 
familiar is Gmelin’s test; this consists in the 
plav of colours—green, blue, red, and finally 
yellow—produced by the oxidising action of 
fuming nitric acid. The end or yellow product 
is called cholctelin (C 32 H 38 N 4 0 18 ). By reduc¬ 
tion outside the body, a product called hydro- 
bilirubin (C a2 H 40 N 4 O 7 ) is obtained. A similar 
but not identical reduction product containing 
less nitrogen than hydrobilirubin is formed in 
the intestine, and constitutes stercobilin, the 
pigment of the faeces. Some of this is absorbed 
and ultimately leaves the body in the urine, 
where it is termed urobilin. A small quantity 
of urobilin is sometimes found preformed in the 
bile. 

Bile mucin. The viscous material in the 
bile of some animals (e.g. man) is truq mucin; 
in other (e.g. the ox) it is a nucleoprotein. 

Cholesterol. Of the other constituents of 
the bile, cholesterol or cholesterin is the most** 
interesting ; although normally pre|ent in traces 
only, it may occur in excess and form the con¬ 
cretions known as call stones, which are usually 
more or less tingoa with bile pigment. It is a 
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monatomic unsaturated alcohol, with the 
Empirical formula C 27 H 45 -OH. Windaus and 
others have showfo that it is a member of the 
terpene series, which had hitherto wily been 
found as excretory products of plant fife. 

The physiological uses of bile. —Bile Vs doubt 
less to some extent an excretion. Soiie state 
that it hag a slight lipolytic action; Wd in 
some animals it certainly has a feeble diastatic 
power. Its main action, however, is to assist 
pancreatio digestion; this it does not only 
because its alkalinity is useful in helping to 
neutralise the acid mixture which leaves the 
stomach (chymo), but it also acts as a coadjutor 
to the enzymes of pancreatio juice. This is 
true for the proteolytio enzyme (trypsin), and 
the amylolytio enzyme (amylopsin), but is 
especially so in the case of pancroatic lipase; 
some go so far as to speak of tho bile salts as the 
co-enzyme of this ferment. 

In virtue of tho properties which the bile 
salts possess of lowering surface tension, the 
products of fat-cleavage pass more rapidly 
through membranes moistened with bile than 
through these which are not. Thero is a good 
deal of evidence that the same holds mtra vitam, 
and thus the presence of bile aids the absorption 
of fa/s by the mucous mombrane which lines 
the intestinal wall. Bile also is a solvent of 
fatty acids. 

When the bile meets the chyme, the turbidity 
of the latter is increased owing to tho precipita¬ 
tion of unpeptonised protein. This action of tho 
bile salts is probably useful, as it converts the 
chyme into a more viscid mass, and somewhat 
hinders its progress along tho first part of the 
intestine, so allowing digestion and absorption 
to occur there. 

Bile is said to be a natural antiseptic, but it 
is very doubtful if it is really efficient m reducing 
the putrefactive processes in the bowel. Tile 
bile salts are in vitro very feeble germicides, 
and the bile itself is readily putrescible; any 
power it may have in lessening putrescence in 
tho intestine is due chiefly to the faot that by 
increasing absorption it lessens the amount of 
putrescible material in the intestinal tract. It 
is stated also that bilo increases tho peristaltic 
action of the large intestine. 

Industrial and commercial uses of bile .— 
Apart from a somewhat limited use as a thera¬ 
peutic agent, to which allusion has already been 
made, bile has but little commercial importance. 
It is, however, employed for cleansing woollen 
goods, and, as housekeepers know, is specially 
useful in cleaning carpets. This is probably 
connected with its power of lowering surface 
tension. Bile is also used by artists to ensure 
the uniform spreading of water colours on paper. 

No attempt has been made in the foregoing 
artiole to allude to the very extensive literature 
• of bile. This relates almost exclusively to the 
physiology and pathology of bile, and the 
important references oan be best obtained from 
some standard work on Physiological Chemistry. 

W. I>. H. 

c BIOGEN or MAGNESIUM PERHYDROL. 
Trade name for a mixture of magnesia and 
m»gne aanv p eroxide. 

BIOTITEV Mica. 

BIRCH BARK. Betula. (Birke , Ger.j 
Bouleau , Fr.) The inner bark is used in India 


as a substitute for paper and for lining the roefs 
of hoilses (Dymock, Pharm. J. [3] 10, 661). 

It ^contains good tanning materials, yielding 
bright-yellow leather (Wagner’s Jahr. 30, 1206; 
Trotman and Hackford, J. Soc. Chem. Ind. 1906, 
1096 ; Bogh, Chem. Zontr. 1906, i. 1916). 

The dry distillation of birch bark yields a 
tar and an acid aqueous solution (Kuriloff, 
J. Russ. Phys. Chom. Soc. 23, 98), The chief 
constituents of birchwood tar creosote are 
guaiacbl and 1:3: 4-creosol, together with traces 
of phenol, cresol, and 1:3: 4-xylenol (Pfreager, 
Arch. Pharin. 228,713). According to Hirsohsohn 
(Pharm. Contr. H, 1903, 44, 845) birch tar is 
often adulterated with crude naphtha or 
naphtha residues, but the adulterated oan be 
distinguished from the pure product by the 
fact that the former is only partially soluble m 
acetone, whereas tho latter is wholly soluble. 

When warm birch tar is treated with air, 
oxygon, or ozonised air, a pleasant-smelling solid 
product is obtained, soluble in alkalis, but almost 
insoluble in alcohol^ benzene, and ether. It and 
its salts can bo employed in modicine, pharmaoy, 
and technically. At the same time, readily 
condensible liquid products distil over, which 
can also be used medicinally and technically, 
as antiseptics and in perfumery (Friedlander’s 
Fortschr. der Teerfabr. 1905-7, 930). 

A colouring substance employed in pharma¬ 
ceutical and cosmetic preparations is obtained 
when tho bark of young birch trees is Boaked in 
water containing about ^ of its weight of 
bicarbonate of soda or other carbonate. It is 
then boiled and filtered. Hydrochloric acid is 
added to the rod-brown filtrate until a pre¬ 
cipitate is formed which is filtered, washed, and 
dried at a gentle heat. It should be kept in well- 
stoppored vessels (Friodliindor’s Fortsohr. der 
Teerfabr. 1897-00, 661). 

The bark contains a crystalline substance 
termed betulin C 83 H 80 O 3 , m.p. 257’8°, sublimes 
in a current of air, readily yields an anhydride at 
130°, and is tasteless and odourless. It does not 
combine with acids or alkalis, is insoluble in 
wator, sparingly soluble in alcohol, readily in 
ether and turpentine. 

It is prepared by mixing tho powdered 
epidermis of Betula alba with 1-8 p.c. of potas¬ 
sium nitrate, pressing the mixture into small 
tablets, and burning them in closed chambers 
without 'dame, and with the introduction of a 
regulated supply of air. The betulin so formed 
is used as filr»a//>r certain substances in which 


it acts as an antiseptic, as a protection against 
damp or against corrosive aoids (WheeleV, 
Pharm. J. 1899, 494). 

The films can be deposited direct on various 
substances by allowing the vapours to play upon 
them. By a slight modification the films oar 
be made to have a greater or less degree of 
transparency and porosity (Wheeler, Chem. 
Zentr. 1900, ii. 798). 

According to Wheeler (J. Soo. Chem. Ind. 
1899, 606), when birch bark or materials made 
from the latter, containing betulin are heated 
in a closed chamber and in a current of air, 
substances termed pyrobetulin and pyrobetulin 
anhydride are produced in forms other than filmB. 

Gaultherine C u H a O.,H.O, a glucoside, is 
obtained by extracting tine bark of Betula lenta 
with alcoholio lead acetate, precipitating by 
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ether, and reorystallismg from aloohol. The 
aqueous solution has a bitter flavour, isieevo- 
rotatory, and reduces Fehling’s solution tvmen 
boiled. It is hydrolysed by mineral acids, 
baryta, and by water when heated to 130°-140®, 
giving a sugar and methyl salicylate (Schaugans 
and Geroch, Arch. Pharm. 232, 437). 

A gum of probable formula C 4 H 6 0 3 has been 
isolated from Amerioan birch wood ( Betula 
alba) (Johnson, Amer. Chem. J. 1896. 214). 

Birchbark oil is obtained by distilling birch 
bark ( Betula alba) in steam. It is brown, and 
has a similar odour to birch bud oil. On cooling, 
crystals separate. It contains palmitic acid 
(Haensel, Chem. Zentr. 1907, ii. 1620; Ziegel- 
mann, Pharm. Review, 1905, 23, 83). 

The birch bark oil prepared from the bark of 
Betula alba by Haensel (Chem. Zentr. 1908, ii. 
1436), had sp.gr. 0-9003 at 20° and [«] D -12-08°; 
a colourless monocyclic sesquiterpene was 
isolated from it, having b.p. 255°-256v744 mm., 
sp.gr. 0-8844 at 20°, and• [«] D -0-5°. .The 
terpene yields a hydrochloride, sp.gr. 0-9753 at 
20°, and a hydrocarbon, b.p. 258°-260°/747 mm., 
and sp.gr. 0-8898 at 20°. 

Birch oil, or the wintergreen oil of commerce, 
is obtained from the twigs of North American 
birches, especially the Betula lenia, but the pure 
genuine oil is prepared from Qaultheria pro- 
curnbens (J. Soo. Chem. Ind. Abstr. 1893, 174). 
It consists of mothylsalicylate, a hydrocarbon 
C 1B H a4 , and small quantities of benzoic acid and 
ethyl alcohol (Schroeter, Amor. J. Pharm. 
Aug. 1889 ; Trimble and Schroeter, Pharm. J. 
20, 166; Ziegolmann, l.c.). 

Oil of Qamtheria procumbens contains 99 p.c. 
methylsalioylate, togqthor with some paraffin 
—C 30 H g2 —probably triacontano ; an aldehyde 
or ketone; a secondary alcohol £ 8 H 16 0, and 
an ester C 14 H 24 0 2 , and is laevo-rotatory, sp.gr. 
1-180; that obtained from the birch contains 
99-8 p.c. mothylsalicylate, together with the 
above constituents except the alcohol C 8 H 18 0, 
whioh is absent. It is optically inactive ; sp.gr. 
1-187 (Pharm. J. 1895, 307, 328). 

Birch bud oil is obtained by the distillation 
of birch buds with steam. It is yellow, and has 
a pleasant aromatic odour. Crystals separate 
out at ordinary temperatures, and it becomes 
wholly crystalline at —45° (J. Soc. Dhera. Ind. 
1903, 228). It is soluble in alcohol and*n ether, 
but not in alkalis, carbon disulphide, or glacial 
acetio acid. It is lsevo-rotatfiijj* its rotation 
and specifio gravity varying with different j 
pi%parationa. That obtained by Schimmol 
(Chem. Zentr. 1909, il 2156) had sp.gr. 0-9730 
at 15° and a^-5 0 34'. 

It contains a paraffin, m.p. 50®, an ester, 
and a sesquiterpene alcohol, betulol, probably 
C„H i 8 OH, which is very muoh like amyrol 
(obtained from sandalwood oil), has a bitter 
taste, an odour like incense, b.p. 284°-288°/743 
mm., 138°-140°/4 mm.; sp.gr. 0-975; fa] D -*-35° 
(von Soden aflft EPe, Ber. 38, 1636; Haensel, 
Chem. Zentr. 1909, ii. 1156. Compare also 
Pharm. Zeit. 47, 818 ; Sohimmel, Chem. Zentr. 
1905, i. 1340). 

The leaves of Betula alba yield an olive-green 
oil,which is solid at ordinary temperatuy, but fluid 
at 35°, has sp.gr. 0*9074 at 35*, and is optically 
inactive (Haensel, Chem. Zentr. 1904, ii. 1737). 
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Haemal (Chem. Zentr. 1908, i. 1837) has 
isolated p crystalline paraffin^ m.p. 49’5*-50*, 
from the oil of birch leaves. 3 

According to GraRser and Purkert (Chem. 
Zentr. 191),i. 489),productsC 41 H 70 O 7 ,C a? H„O 3 , 
readily Joluble in water, and of whioh the 
potassium salt C 41 H ft7 K 3 0 7 can be used thera¬ 
peutically as a diurotic, can be obtained by 
extracting birch leaves with alcohol, treating 
the warm extract with potassium hydroxide, 
and then saturating the solution with dry 
carbon dioxide. Water is now added and the 
insoluble products filtered off. The filtrate is 
concentrated, the soluble products precipitated 
with a mineral acid, and separated from one 
another by conversion into their di- and tri¬ 
alkali derivatives. # 

Birch juice obtained from birch trees contains 
laevulose, a large quantity of malates, and 
basic constituents. When fermented with 
dextrose and milk of almonds, it forms * birch 
wine’ (Lenz, Ber. Deut. Pharm. Ges. 19, 332). 

BIRD-LIME. ( Qlu , Fr.; Vogelleim, Ger.) 
Bird-lime, from Ilex aquifolium (Linn.), was 
iound by Personne to consist, in addition to 
vegetable debris and water, of calcium oxalate, 
caoutchouc, and ethereal salts of a solid crystal - 
| lino substance, Hide alcohol C 2S H 14 0, m.p.475-, 
with undetermined fatty acids. 

According to Divers and Kawakita, Japanese 
bird-lime, made from I. Integra, contains ethereal 
salts of palmitic acid, and in very small quantity 
a semi-solid acid, the calcium salt of which is 
solublo in ethor and in alcohol. Japanese bird¬ 
lime also yields two vory similar alcohols by 
hydrolysis, one differing only slightly from ilioic 
alcohol, and termed ilicylic alcohol C la H s .O. 
m.p. 172°, and another named mochyltc alcohol 
C 2# H 46 0, m.p. 234°, from mochi, the Japanese 
word for bird-lime. . 

Caoutchouc is also present in Japanese bird* 
limo to the extont of about 6 p.c., but only 
minute quantities of oxalates. By distillation, 
bird-lime yields much palmitic acid and a thick 
oily hydrocarbon C 28 H 44 (Divers and Kawakita, 
Chora. Soc. Trans. 1888, 268). • 

BIREEZ. Persian name for gum galbanum 
, (D.ymock, Pharm. J. [31 9, 1016). 

BISABOL v . Myrrh, art. Gum Resins. 

BISCINIOD. Trade name for a combination 
of cinchonidme hydriodide and bismuth iodide. 

BISDIAZONlOM SALTS V. 1)IAZ0 com¬ 
pounds. 

BISMAL. Bismuth methylene digallate (v. 
BrsuuTH, Organic compounds of; also Syn¬ 
th mo drugs). 

BISMARCK BROWN v. Azo- colouring 

MATTERS. 

BISMITE or BISMUTH-OCHRE. Native 
bismuth oxide, Bi 2 0 3 , occurring as a yellow 
earthy powder, or as minute rhombonedral 
scales. Analysis of various bismuth-ochres from 
the tourmaline mines of San Diego Co., Cali- 
: forma, show these to be either bismuth hydroxide, 
Bi(OH) 3 , or puchorite, BiV0 4 , or mixtures of 
these ; and doubt has been expressed as to the* 
occurrence of the pure oxide Bi a 0 3 in nature 
(W. T. Schaller, 1911). L. J. 8. 

BISMON v . Synthetic Drugs. • 

BISMUTH. Bismuth. (Etain de glace. Ft. ; 
Wismuth, Ger.) Symbol Bi. At. wt. 208-5 
(De Coninck and Gcrajdh 
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Occurrence.— Metallic bismuth occurs in 
•small quantities in widely distributed localities, 
usually with othfer ores, such as those ‘of cobalt, 
nickel, copper, silver, lead, and tin. tft is found 
massive, granulated, reticulated or arborescent, 
associated with arsenic and silver, 
ally iron. 

The principal sources are Bolivia South 
Australia/' Alton berg, Sebnecberg, Annaberg, 
Marienberg, Joachimsthal, Johanngeorgenstadt, 
Lolling in Carinthia, Fahlun, Sweden, and New 
South Wales. In small quantities it occurs at 
Hucl Spamon, Cornwall, Garrick Fella, Alva, 
Stirlingshire. Alloyed with 64 p.c. gold it 
occurs at Maldon, Victoria. Alloyed with 
tellurium it occurs as tetradymUc in Cumberland 
An alloy of bismuth with 3 p.c. arsenic occurs at 
PalmKlum near Marienberg. 

Bismuth sulphide is widely distributed in 
sfeall quantities, being found in Saxony, Sweden, 
South Australia, America, and Cumberland. A 
sulphide of bismuth, copper, and lead occurs as 
needle ore, nciculile or patrinite. 

As oxide, or bismuth ochre, it is found as a 
yellow substance, frequently as a coating on 
other minerals, associated with iron ■and other 
impurities, at Schneeberg, Joachimsthal, Beresof 
in Siberia, and in Now South Wales The prin¬ 
cipal ore in Bolivia, which is stated by Domeyko 
to be the richest country in bismuth, is a compact 
earthy hydrated oxide. 

Bismuth occurs as carbonate or bismvthite , 
usually containing carbonates of iron and copper, 
at Meymac, with antimony, arsenic, lead, iron, 
and lime; in Mexico, whence it is imported to 
this country; in North Carolina, and other 
localities. Of late years considerable deposits 
of bismuth ores have been found in many places 
in America, but they have been vory little 
worked. 

Extraction .—At Schnooberg in Saxony the 
ore worked is principally metallic bismuth occur¬ 
ring iu ores which contain silver, lead, tin, and 
arsenic in gneiss and clay-slate. 

The ore, which contains from 7 1o 12 p.c. 
bismuth, is sorted by hand as far as possible from 
the gangue before treatment. The old method 
of liquation or ‘ sweating ’ is still used, but has 
now beon largely superseded by smelting pro¬ 
cesses, in which the metal is much more perfectly 
extracted. 

Liquation.—In this process the metal is 
separated as far as possible from the gangue by 
melting at a low temperature. The picked ore 
is broken into pieces as large as a hazel nut, and 
placed in inclined iron tubes in charges of about 
12 cwta., sufficient space being left in tho tube for 
stirring the ore from the upper end (Figs. 1, 2, 3). 
The tubes are closed at the upper ends by plates 
of iron, and at the lower ends by similar plates 
containing ciroular apertures through which the 
molten metal may run. The ends of the tubes 
project slightly beyond the walls of the furnace, 
the upper over a tank and the lower ends over 
iron crucibles which contain powdered charcoal, 
and%hich are gently heated from below by a 
small charcoal furnace. The tubes aro heated 
sows to oause the metal to flow easily, and in 
about 10 ifcmutes the bismuth commences to 
pass out into the crucibles, being there covered 
by the charcoal and thuB protected from oxida¬ 
tion. The ore is occasionally stirred with an 


iron rod from the upper end, and in from 30 
to 68 minutes the operation is completed. 
Tlfe fresidues, graupen or bismuth barley , are 
raked from the upper end into the tank, and at 
once replacod by fresh ore. In this manner only 
about two-thirds of the ,bismuth is extracted. 
20 cwts. of ore require 63 cubic feet of wood. 
The contents of tho pots are removed by ladles 
to moulds and cast into ingots of 26 to 60 lbs. 
weight. 

Sulphurous ores are usually roasted to re 
move sulphur, and then smelted with iron 
(to remove the last traces of sulphur), carbon, 
slag, sodium carbonate, limestone, and some¬ 
times fluor-spar. The regulus of bismuth thus 
obtained is fused 
on an inclined iron i’'' J. p. . 
plate and run do wti, I x 

leaving a dross con¬ 
taining much of the 
impurity. Bismuth 
ores are sent from 
Joaciiimsthal, and 
worked by this pro¬ 
cess at Schneeberg. 

The following 
analyses of t.w r o 
typical samples 
show the composi¬ 
tion of column cull 
bismuth: From 

Saxony — Bismuth, 

99-77 p.c.; copper, 008; silver, 0-05; sulphur, 
0*10; iron, trace. From Joachimsthal—Bismuth, 
99-32 p.c.; lead, 0-30; silver, 0-38; iron and 
copper, Liacis, sulphur, nont*. 

At Joachimsthal a method devised by R. 
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Fig. 2. 

i Vogel is used (l)ingl. poly. J. 167,187) for extract¬ 
ing bismuth from ores free from lead. The 
I ores, which usually contain from 10 to 30 p.o. 
bismuth, aj;e mixed, according to their richness, 
[with 23"to 30 p.o. iron turnings, 15 to 60 p.o. 
j sodium carbonate (according tc the amount of 
I gangue pres^tv. 5 p.c. lime, and 6 p.c. fluor¬ 
spar. The mixture is introduced in charges of 
about 1 cwt. into clay crucibles, 23 inches high 
and 16 inches wide at the mouth, covered and 
heated in a wind furnace to tranquil fusion, and 
poured into conical moulds. The liquid sepa¬ 
rates into three 
layers, tho upper 
consisting of slag, the 
second of a speiss 
containing the arse¬ 
nic, sulphur, nickel, 
cobalt, and iron, and 
most of the other 
impurities, with 
about 2 p.o. of bis¬ 
muth, and the lower 
| consisting of a regulus of nearly pure bismuth, 

I rr , ™ eta ^ again fused and remoulded (ue 
I Kerl, Handb. der Met. Hfittenkunde). 



Fig. 3. 
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A rimilM ptooeu h»» been adopted by F»te» 

; J. 1862,648) for the eitr»otion oi bismuth from 
refinery wienies. • • 

In trance the carbonate of bismuth impdKed 
from Meymac is dissolved in the minimum 
quantity of hydroohloric acid and pieces of iron 
inserted in the slightly ftoid liquid. The bismuth 
is thus precipitated as a black powder, which is 
well washed and fused in a plumbago crucible 
under a layer of charcoal at as low a tempera¬ 
ture as possible (Ad. Carnot, Ann. Chem, Phys. 
ffi] 1, 406 ; and Bull. Soc. chim. 21, 114). 

* OreB of bismuth averaging 00 p.c. bismuth are 
imported into England, principally from Ade¬ 
laide, South Australia, and from Mexico. They 
are usually fused in plumbago pots with borax, 
Bodium carbonate, and a little crude tartar. 

For the extraction of bismuth for pharma¬ 
ceutical purposes from sulphurous ores, Valen¬ 
ciennes roasts the ore on the level bed of a 
reverberatory furnace for 24 hours with the 
occasional addition of charcoal and frequent 
stirring with an iron rabble. When the sulphur 
has thus been evolved, the ore is mixed with 
about 30 p.c. charcoal, and a mixture of chalk, 
salt, and fluor-spar, and again fused in a rever¬ 
beratory furnace. From 5 to 8 p.c. of the bis¬ 
muth is lost by this process, but this is compen¬ 
sated by the extra purity of the product. By 
subsequent fusion with nitre, tlio antimony, 
arsenic, and sulphur arc removed, and by the 
ordinary wet methods the lead, copper, and 
silver are eliminated (M. A. Valenciennes, Ann. 
Chim. Phys. [61 1, 307). 

H. Tamm (Chem. News, 25, 85) states that 
bismuth can bo separated from ores containing 
much copper by fusion with an alkaline flux 
containing free sulphur, in which case the copper 
remains unreduced. He recommends a mixture 
of 6 parts sodium carbonate, 2 salt, * sulphur, 1 
carbon, to be mixed in about equal proportions 
with the ore. Tho bismuth produced is stated 
to be much more free than usual from arsenic, j 
antimony, and lead, but about 8 p.c. of the total 
bismuth is lost. 

The bismuth present in small quantities in j 
lead, oopper, and silver ores frequently becomes ; 
concentrated in the secondary products of the | 
metallurgical processes and may then be profit- j 
ably extracted. In the oxidation of silver-lead \ 
containing bismuth, the lead oxidises much more i 
rapidly than the bismuth, and at the *1086 of i 
the cupellation a blackish litharge rich in bis¬ 
muth is obtained, from which metal may 
be extracted by further concentration and acid 
treatment (J. 12, 711). In this manner bismuth 
becomes concentrated in the blickmlber in the 
treatment of silver ores at Freiberg, and passes 
into the hearth bottoms, as much as 25 p.c. 
being sometimes so absorbed. When the hearths 
contain sufficient bismuth to be profitably 
extracted, they are finely ground and treated 
with hydrochloric acid, with the formation of 
bismuth chloride. Water is added to # the 
solution to precipitate the metal as oxychloride, 
and the precipitate is collected, washed, dried, 
and reduced to metal fusion with charcoal, 
sodium carbonate, and powdered glass (v. 
Phillips’s Metallurgy). 

Several proposals have been made for the i 
extraction of bismuth by wet methods* Becker j 
(Fr. Pat. 306439, 1906) suggests the treatment ! 


of sulphide ores with a solution of an alkali or 
alkaline earth hyposulphite. The solution thus t 
obtained is treated with alkalis sulphides, and 
the resultiiw precipitate of bismuth sulphide is 
dried and Jhelted as described above. 

Both flecker (ibid.) and Ranald (Eng. Pat. 
16622, 18flB) have patented the use of a solution 
of ferric /chloride as a solvent for bismuth 
sulphide *and tho subsequent precipitation of 
metallic bismuth from the solution by means 
of iron or zinc, or by electrolysis. 

Eulert (Rev. Prod. Chim. 4, 164) employs a 
mixture of sulphuric acid, water, common salt, 
and potassium nitrate as the extracting liqiior, 
and the process can bo made continuous. The 
bismuth is finally obtained as the oxychloride, 
which can be sold or smelted for the metal. 

On the extraction of bismuth from its ores, v. 
also-Winckler (Ber. Entwick. Chem. Ind. 1,953). 

Purification .—The crude bismuth produced 
by the above methods contains a variety of 
impurities, from which it is important in many 
cases to separate it. These impurities are sul¬ 
phur, arsenic, antimony, copper, nickel, cobalt, 
silver, gold, lead, and iron. 

Sulphur and arsenic may be removed by 
fusion with of its weight of potassium nitrate, 
with constant stirring at a temperature slightly 
above the temperature of fusion; the nitre 
soon oxidises the impurities and a little of the 
bismuth, fonning with them a slag which rises 
and solidifies at the surface. For the complete 
removal of these impurities a second fusion is 
frequently necessary. 

C. Mehu (Pharrri. J. [3] 4, 341) recommends 
the following process for the removal of sulphur 
and arsenic. Tho metal is heated considerably 
above the melting-point in a vessel so as to 
expose a large surface, and the oxide is removed 
to the sides as fast as it forms until about one- 
fourth of the metal has become oxidised; the 
greater part of the sulphur and arsenic will then 
have passed off as oxides. Tho mass is cooled, 
pulverised, and mixed with charcoal, dried soap, 
and potassium carbonate (free from sulphate), 
about one-fourth of the origlhal weight of tho 
metal, in a crucible, covered with charcoal, and 
heated to redness for one hour. Arsenic may 
also be mostly removed by fusion for a consider¬ 
able time under a layer of charcoal. Arsenic, 
sulphur, and most of the antimony may be 
eliminated by fusion at a bright-red heat under 
borax, stirring with a rod of iron until the action 
ceases. The iron combines with the. impurities 
and rises as a difficultly fusible slag to the surface 
from beneath which the still liquid metal may 
be poured after partial cooling. 

For the complete removal of antimony , 2 or 
3 parts of bismuth oxide for each part of anti¬ 
mony Bupposod present are fused with the 
metal. The oxide of bismuth then gives up its 
oxygen to the antimony, becoming itself reduoed 
and the antimonious oxide floats on the Burfaoe. 

Hugo Tamm (Chem. News, 25, 85) recom¬ 
mends for the removal of copper the fusion of 
the metal at a low temperature under 1 part of a 
mixture of 8 potassium cyanide and 3 sulphur. • 
When the action has ceased the mass is stirred 
with a clay (not iron) rod, cooled until the flux 
has set, and the metal poured out froth beneath. 

If impure cyanide is used, a relatively larger 
quantity is required. 
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Iron mav be completely removed, according i lead and 14*5 p.o. bismuth, together with small 
to H. Tfiraoh (J. pr Uicm. [2] 14,309), by fusion aments of antimony, iron, zinc, Arsenic, silver, 
under a layer af potassium chlorate *containing a$cLgold. First the metal is made the anode 
from *2 to 5 p.o. sodium carbonate, i in un electrolyte containing 6 p.c. lead fluo- 

From silver bismuth may be stoarated by silicate and 14 p.c. hydrofluosilioic acid. The 
cupellation and subsequent reducaon of the lead is deposited on a cathode of pure lead, 
bismuth oxide so produced, or the mjfcal may be and contains only 0*01 p.h. bismuth. The anode 
dissolved in nitric acid, tho silver pWipitated j slimes aro fused with sodium hydroxide and 
with hydrochloric acid, the solution filtered, and carbonate, and the metal, containing 94 p.o. 
the basic salt of bismuth precipitated by excess bismuth, cast into anodes, which are then used 
of water, and reduced to metal. in a second electrolysis, using a solution of bis- 

Silver can be partially removed from bismuth muth chloride (about 10 p.c.) and free hydro- 
by a process resembling Pattinson’s process for chloric acid (about 10 p.c.). Tho oathodes are of 
lead (Schneider, J. pr. Chem. (2] 23, 75). Acheson graphite, and are placed on the floor of 

Lead may be precipitated from a nitric acid the cell. The current used is 20 amp. per sq. ft. 
solution of the metal by the addition of sulphuric at the cathode, and 60 amp. per sq. ft. at the 
acid, and the bismuth recovered as already anode, with a P. D. at the terminals of 1 ‘2 volts, 
described. A method commonly used is to j The resulting bismuth is 99-8 p.c. pure, the 
fuse the impure metal with bismuth oxychloride, remaining 0-2 p.c. consisting chiefly of silver, 
from which tho lead liberates bismuth, itself (See also Zahorski, Hurter and Brock, Eng. 
becoming combined with oxygon and chlorine. } Pat. 22251, 1895.) 

A number of investigations on the refining Chemically pure, bismuth is best prepared by 
of bismuth have been conducted by E. Matthcy, driving tho coVnmercial metal in nitric aoid, 
and the methods he proposes are given separately decanting from any residue, and adding excess 
below, inasmuch as they possess tho merit of of water, whereby the bismtith is precipitated as 
simplicity and have been thoroughly tested on a basic nitrate, leaving the impurities in solution, 
large scale. ’ The precipitate is well washed by decantation, 

Arsenic is removed completely by maintain- dried, mixed with black flux or other reduoing 

ing f molten bismuth at a temperature of 510°- agent which produces a readily fusible flux, ana 
620° for some time. There is only a very reduced at a gentle heat in a crucible, 
slight loss due to oxidation (E. Matthey, Chem. Properties. —Bismuth is a greyish - white 
News, 67, 63). crystalline metal of distinctly red tinge when 

Antimony is separated by melting tho metal compared with whiter metals such as zino or 

and maintaining the temperature at 350°. antimony. It is very brittle and easily pow* 

An alloy of bismuth and antimony, containing dered, and a bad conductor of heat and eleo- 
over 30 p.o. of the latter, rises to the surface of tricity. Its tenacity is \ erv small, a rod 2 mm. 
the metal, giving it an ‘ oily ' appearance, and in diameter will just support a weight of 14T9 
can be skimmed off. A complete removal of kilos. (Muschenbroeck). ..It forms fine obtuse 
the antimony is thus effected (E. Matthey, l.c.). rhombohedral crystals, which approach very 
Copper. For the separation of copper from closely to the form of cubes. It has also been 
bismuth which 'has been previously freed from obtained in the form of acicular needles, whioh 
arsenic, antimony, lead, &c., E. Matthey, are really elongated hexagonal prisms (Heberdey, 
(Roy. Soc. Proc. 43, 172) recommends its fusion Ber. Akad. Wien. 104, i. 254)! Bismuth melts 
with bismuth sulphide. The pure metal ob- [ R t 271° (Myhus and Groscbun), and boils at a 
tained amounts to 90 p.c. of the crudo material, temperature between the melting-point of 
while the Remaining bismuth sulphido, containing | copper and nickel, i.t>. between 1084 and 1450° 
oopper sulphide, may be resmolled. j (Carnelley and Carlton Williams), condensing 

Alkali sulphides may be substituted for the j * n lamina;. The vapour density at temperatures 
bismuth sulphide in the above operation (E. between 1600° and 1700° is II, which corre- 
Matthey, Proc. Roy. Soc. 49, 78). spends to that calculated for a mixture of mon- 

. Lead may be separated from the fused metal atomic and diatomic molecules (Meyer, Ber. 
by repeated crystallisations, the alloy of bismuth 1889, 72(i). Its sp.gr. at 12° is 9 - 823. 

and lead melting at lower temperatures than the W. Spring has shown that by the exposure of 
purer bismuth. E. Matthey has thus by four bismuth of (Jj^ity 9 '804 to a pressure of 20,000 
crystallisations reduced the percentage of lead atmospheres, the density was raised to 9 - 856 : 
from 12 to 0-4 p.o. (Proc. Roy. Soc. 42, 93). a second compression still further increased fne 
For the separation of gold and silver, E. density to 9’863 (Ber. 16, 2724). Jt is stated 
Matthey (Proc. Roy. Soc. 42, 89, 94) recommends that by careful hammering its density may bo 
the addition of 2 p.o. zino to the molten metal, raised to 9‘ 88 . 

The mass i 3 gradually cooled and the surface crust Bismuth expands in cooling. Tribe (Chem. 
removed. This operation is repeated, whoreby |® 00 * Trans.) has shown that this expansion does 
the whole of the precious metals are conoen- j take place until after solidification, 
trated in the skimmings. On fusing these in a | , According to Cohen and Moesveld, bismuth 

crucible with borax, the gold and silver are freed ; bi two enantiotropic modifications, the 
from impurities by tho action of the oxide of I transition temperature being 75°/760 mm. The 
bisjbuth, and sink to the bottom. To separate transformation of the form stable below this 
the tost traces of these metals from the slag, it is : omperature (a) into the other modification ( 0 ) 
again fused with bismuth. -is accompanied by considerable increase in 

A. Mohr states (Elektrochem. u. Met. Ind. j volume. The 0 -variety can exist in the meta* 
1907, 6 , fii) that an electrolytic method has sta ble condition below the transition point, 
been used with success for the purification of a I Exposed to dry air, bismuth remains tttt- 
Mexioan lead-bismuth alloy containing 811 p . c . alt ered at the ordinary temperature, but in moist 
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sir or in contact with water it becomes coated 
with oxide. When heated in air it bums with a 
bluish flame, evolving yellowish fumes of o:%db. 
At high temperatures it decomposes water. 

Cold sulphuric acid has no action, but the 
hot concentrated acid dissolves bismuth. Hydro¬ 
chloric acid acts but slowly, and Ditto and 
Metzner have shown (Compt. rend. 115, 1303) 
that this action can only take place in presence of 
oxygen. Nitric acid, dilute or strong, dissolves 
it readily, with the formation of nitrate. Pow¬ 
dered bismuth thrown into chlorine gas ignites 
with the formation of trichloride. It also unites 
directly with bromine, iodine, and sulphur. 

When comparatively pure, bismuth crystal¬ 
lises readily. To obtain it in the form of fine 
crystals it is melted and allowed to cool until a 
crust has formed; the crust is pierced on 
opposite sides with a hot iron, and the still liquid 
portion poured through one of the openings. 
On oareful removal of the crust the sides of the 
vessel are found covered with crystals, frequently 
resembling hollow pyramidal cubes like thosft of 
salt, but which are in reality obtuse rhombohedra. 
Their iridescent lustre is due to a very thin 
film of oxide which shows the colour character¬ 
istic of thin plates. 

Bismuth can be obtained in the colloidal 
state by reducing a solution of the nitrate with 
stannous chloride, or by the action of hypo- 
phosphorus acid on bismuth oxychloride (Gutbier 
and Hofmeyer, Ze'itsch. anorg. Chem. 44, 225). 

Bismuth is the most diamagnetic substance 
known, a bar of the metal placing itself cqua- 
torially between the poles of a magnet, i.e. at 
right angles to the position taken up by a bar of 
iron. Bismuth also occupies an extreme place 
in the thermo-electrio •serios, being used with 
antimony in the preparation of the iqpst delicate 
thermopiles. 

Analysis .—All compounds of bismuth, when 
mixed with carbon or other reducing agent and 
fused before the blowpipe, give a brittle white 
bead of metal and a yellow incrustation on the 
charcoal, darker than that of oxide of lead. 

A very good dry test for bismuth is that due 
to von Kobell. The substance is heated on 
oharcoal with a mixture of potassium iodide and 
sulphur, when, if bismuth is present, a brilliant 
scarlet incrustation is obtained. 

Salta of bismuth in solution give, on addition 
of exoess of water, a white precipitate of basic 
bait, which is insoluble in tartaric acid, and 
blackens with sulphuretted hydrflg!ft!*(distinction 
frogi antimony). 

Metallio iron, copper, lead, and tin precipitate 
metallic bismuth from solutions. 

A qualitative test for bismuth proposed by 
Reichard (Chem. Zeit. 28, 1024) is the addition 
of a brucine salt, or, better, brucine itself to the 
solution. In presenoe of bismuth a deep-red 
colour is produced whioh is distinguished from 
that given by nitric acid by the fact that it 
becomes deeper on heating, whereas the oolbur 
given by nitrio acid turns to yellow. „ 

itotmofion.—Bismuth may be separated from 
copper, cadmium, mercAiry, and silver, lead 
having been removed previously by precipita¬ 
tion as sulphate, by the following method, due 
to Stabler and Soharfenberg (Ber. 38, 3862). 

The solution, which may contain hydrochloric 
acid, and should contain about 0* 1-0*2 gram 


of bismuth, is diluted to 300-400 c.o., and any 
precipitate # redissolved by the cqjitious addition 
of nitric acid. This solution is heated to boiling, 
and treated# with a boiling 10 p.c. solution of 
trisodium (phosphate Na,P0 4 (obtained by 
mixing equivalent amounts of sodium hydrogen 
phosphate and caustic soda). In presenoe of 
muoh hydrochloric acid, a considerable excess of 
the phosphate must be used, but, snould the 
solution become alkaline, nitrio aoid must be 
added. After boiling the whole for some time, 
the prccipitato is allowed to settle, and the 
supernatant liquid is tested with sodium phos¬ 
phate. If precipitation is complete, the pre- 
oipitate i3 collected hot on a Gooch crucible, 
washed with 1 p.c. nitric aoid, containing 
ammonium nitrate, dried at 120°, and (jnally 
heated over a bunsen burner, and weighed as 
bismuth phosphate BiP0 4 . The precipitate 
is very hygroscopio : suitable precautions must 
therofore be taken in weighing it. 

A modification of this method, which renders 
it suitable for the separation of bismuth from 
considerable amounts of meroury, has been 
described by Stahler (Chem. Zeit. 31, 615). 

A volumetric method for the estimation of 
bismuth, for which considerable ‘accuracy is 
claimed, is the chromate method of Lowe* as 
modified by Rupp and Schaumann (J. Soc. Chem. 
Ind. 1902, 1558). 

H. W. Rowell has published a method (J. Soc. 
Chem. Ind. 1908, 102) for the estimation of 
small quantities of bismuth in ores, &c. The 
method is colorimetric, depending on the 
yellow colour produced when potassium iodide 
is added to a solution of the bismuth compound 
in sulphuric acid (see also Eng. and Mining 
Jour. 1901, 459). 

An account of other mothods used for the 
estimation of bismuth will bq found in the 
article on Analysis. 

For the dry assay of bismuth ores the fluxes 
used must depend on the composition of the 
ore. Thus witli ores containing metallic bismuth 
or that metal as oxide, sulphia*, carbonate, <fec., 
a flux consisting of a mixture of 2 parts potassium 
or sodium carbonate, 1 part sodium chloride, and 
a proper quantity of argol or potassium cyanide 
or charcoal powder, will be useful (Tamm); with 
the addition, whero much earthy matter is 
present, of borax. Where much copper is 
present, Tamm advises fcho use of one part of the 
ore mixed with one part or less of a mixture of 
sodium carbonate 1, salt 2, sulphur 2, charcoal 
powder 1 part. The exact proportions in which 
these fluxes are most useful must be learned by 
experience. 

Alloys of Bismuth. 

Bismuth unites readily with most metals, 
forming alloys which, with few exceptions, are 
not of commercial importance. 

Tin and Lead. The alloys of bismuth with 
these two metals are of special interest. They axe 
extremely fusible, and on account of their expan¬ 
sion on cooling they take a very fine impression, 
being largely used for electrotype moulds, &c. 

An alloy of 1 bismuth, 2 tin, 1 lead, is usea as 
a soft solder by pewterers, and for the cake 
moulds for toilet soap. An expensiv^but effec 
tive alloy for stereotype clients and metallio 
writing pencils contains 5 bismuth, 2 tin, 3 lead; 
it melts at 91 ‘66°. 
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A thorough physico-ohemioal investigation 
'of these ternary alloys has been # made by 
Chan# (Compt. rend. 126, 1669), whose memoir 
should be consulted for details. HA finds that 
the eutectic mixture contains 32 p.c. llad, 16 p.c. 
tin, and 62 p.c. bismuth, and has’m.p. 96°. 
Suoh alloys are used to a considerable extent in 


safeto plugs for boilers and for automatic 
sprinklers. 

• Jhe varieties of fusible metal oontain these 
three metals, with the addition sometimes of 
cadmium, which still further lowers the melting- 
point. A table of the most important of these 
alloys is given below: 


i 


Name of alloy 

Bismuth 

Lead 

Tin 

Cadmium 

Melting-point 

Temperature of 
maximum density 

Newton’s 

50 

31-25 

18-75 


94 5° 


Rose’s . 

50 

28-10 

24-1 

— 

95° 

55° (Spring) 

D’Arcet's 

50 

25-0 

25 0 

_ 

94° 


Lichtenberg’s . 

50 

300 

20-0 


— 

— 

Wood’s 

60 

250 

12 5 

12-5 

(55° 

25“ (Spring) 

Lipowitz’s 

60 

200 

12-78 

104 

65° 

38-6“ ( „ ) 

Guthrie’s 4 Eutectic ’ 

« 

50 

20-55 

21-10 

14-03 




The action of heat on fusible metal is some- j 
what anomalous. Taking Lipowitz’s alloy as a 
typical example, we find (from Spring’s table of 
densities at different temperatures) that this 
alloy whilst cooling contracts very rapidly at 
the solidifying point (66°), contracts slowly 
from that temperature to 38*5°, expands thence 
to about 25°, and agam contracts, occupying 
at 0° the same volume as at 46°. 

For this reason, in taking a cast or impression 
with fusible metal, it is advisable to allow the 
alloy to cool to a pasty mass before placing in 
the mould (v. further, Godefroy, Fremy’s 
Encycl. Chimique, art. 4 Bismuth,’ 1888, 24-30). 

mercury dissolves a considerable amount of 
bismuth without solidifying. The amalgam con¬ 
taining 1 bismuth and 4 mercury adheres 
strongly to smooth surfaces such as glass. One 
part bismuth and 2 parts mercury forms a pasty 
amalgam. The* alloy consisting of JD’Arcet’s 
alloy and mercury, for which 250 parts of mercury 
are UBed for 100 parts of D’Arcet’s alloy, is used, 
on account of its low melting-point, for taking 
casts of anatomical preparations. The alloy 
is introduced in the liquid state, allowed to 
solidify, and the fleshy parts dissolved by solu¬ 
tion of caustic soda. This alloy is also used for 
silvering glass tubes, &c. 

Bismuth alloys with the alkali metals ; 
Jdfoannis (Compt. rend. 114, 585) has obtained 
an alloy of bismuth and sodium, of the formula 
BiNa 8 , by the action of a solution of sodium in 
liquid ammonia on bismuth. The compound 
forms small, dark-grey crystalline lamina 1 , 

. m.p. 776°, and takes fire in the air. It may 
easily be prepared by slowly adding bismuth 
to sodium melted beneath paraffin heated to 
300°-310° when the crystals separate out. An 
alloy with potassium, K 3 Bi, may be prepared in 
a similar manner (Vournasos, Ber. 1911, 44, 
3266). The alkali bismuthides are readily 
oxidised in the air, turning black, and burn 
easily, giving a red residue of alkali bismuthatc. 
They absorb hydrogen at 350°, forming a pro¬ 
duct which is decomposed by water, evolving 
* hydrogen. They decompose water slowly at 
t the ordinary temperature, and more rapidly 
on Wiling *»nd reduce copper salts in solution to 
metallic copper. 

A. H. Gallatin (Phil. Mag. [4] 38,57) has pre¬ 
pared an alloy of bismuth with ammonium (?), | 


He scattered ammonium chloride over bismutn 
sodium alloy, and added water. The alloy 
swelled and then contracted. On plunging 
in water or heating, a mixture of hydrogen and 
ammonia was evolved. After drying in vacud 
over sulphuric acid, it evolved 27 volumes of 
gas on heating. 

Compounds of Bismuth. 

Bismuth forms two well-defined classes of 
compounds, in which it is a diad and a triad 
respectively. There are indications of the 
existence of some more highly oxidised com¬ 
pounds, but, assuming their existence to be 
proved, their constitution can be more easily 
explained by the assumption of a higher valency 
for oxygen than by assuming bismuth to be a 
pentad. 

Hydride, A gaseous hydride of bismuth 
appears to be formed by the solution of an alloy 
oi bismuth and magnesium with thorium-C 
or radium-C in 0-2 N hydrochloric acid. It is 
fairly stablo at ordinary temperatures, but is 
decomposed at a red heat and forms a mirror 
in the Marsh apparatus similar to antimony 
(Paneth, Ber. 1918, 61, 1704; Paneth and 
Winternitz, idem. 51, 1728). 

Oxides. Only two oxides of bismuth, the 
dioxide and the trioxido, are definitely known. 
The statements of t)oiehler, Hauser, and Vanino 
and TrHubert, that bismuthic acid and tetroxide 
exist, have been controverted by Gutbier and 
Bunz (Zeitsrhv'^norg. Chem. 48, 162; 49, 432; 
50, 210; 52, 124); Moser (Zeitsoh. anqj-g. 
Chem. 50, 33) states that the addition of hydro- 
en peroxide to a bismuth salt precipitates only 
ismuth trioxide. According to Hollard (Compt. 
rend. 136, 229) a peroxide of the formula Bi 8 0. 
is formed during the -electrolysis of a solution of 
bismuth sulphate, but this observation has not 
been confirmed. It is doubtful whether a sub¬ 
oxide exists. 

The trioxide and the compounds derived from 
it are the only ones of commercial importance. 

Bismuth trioxide Bi 8 0 8 occurs in nature 
as bi/fmuth ochre. It* is best prepared by 
heating the subnitrate of bismuth until red 
fumes cease to be evolved. It may also be 
prepared by exposing the metal to a ced-white 
heat in i, mume. The metal then burns and 
I forms the oxide, which oondenses as a yellow 
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powder. Bismuth oxide thus obtained is a 
pale-yellow amorphous substance, which Jnielts 
at a red heat to a glass without change of v»i^ht.* 
Its Bp.gr. is 8:21. Heated in sulphur dioxitre it is 
ultimately converted into a basic sulphate 
4Bi a 0 8 ,3S0 3 . 

The oxide can be obtained crystalline, and 
has been shown to be isodimorphous with ! 
antimony trioxide (Muir and Hutchinson, Chem. 
Soc. Trans. 1889, 143). 

It is used for glass and porcelain staining; 
as an addition to certain fluxes to prevent the 
production of colour; and in gilding porcelain, 
being mixed in the proportion of 1 part oxide to 
15 parts of the gold. 

The darkening of the commercial substance 
on exposure to light is due to the presence of a 
trace of silver. 

A hydrated bismuth oxide Bi a 0 3 ,H 2 0 is pre¬ 
cipitated as a white powder on addition of 
caustio alkali to a bismuthous salt, such as tho 
nitrate ; but Thibault (J. Pharm. Chim. 12, 559) 
has shown that under tlitise conditions the 
product contains appreciable quantities of 
oxy- acid salts. By precipitating the hydroxide 
from an alkaline solution by the addition of acid, 
a pure product is obtained which on drying 
yields the pure oxide. It dissolves in alkali in 
presenco oi glycerol. On addition of sugar to 
the solution, metallic bismuth is precipitated, 
whilst arsenic, if present, remains in solution. 
Lowe (Zeitsch. anal. Chem. 22, 498-505) recom¬ 
mends this method for the preparation of pure 
bismuth for pharmaceutical purposes. 

Bismuth carbonate C()(O BiO) 2 is best pre¬ 
pared by triturating powdered bismuth nitrate 
with mannitol under water until solution is 
obtained, when a stcong solution of potassium 
carbonate is added. Bismutli carbonate 
separates as a fine heavy povWer which is 
washed with water, alcohol and ether, and dried 
in the air (Vaning, Pharm. Zentr-h. 1911, 52, 
761). 

Bismuth nitrate Bi(N0 3 ) 3 ,5H 2 0 is prepared by 
dissolving bismuth or its oxide or carbonate in 
moderately strong nitric acid. The concen¬ 
trated solution is filtered, if necessary, through 
asbestos, and deposits on cooling large deliques¬ 
cent crystals, whioh aro caustio and melt in 
their water of crystallisation when gontly heated. 

When tho bismuth used for tho preparation 
contains arsenic, excess of nitric acicfrshould be 
used for the solution; the arsenio is then oxidised 
to arsenic acid, and combine$yft^its equivalent 
of bismuth, being precipitated as arsenate of bis¬ 
muth. R. Schneider (J. pr. Chem. 20, 418-434) | 
recommends the following proportions: 2 kilos, 
bismuth, 10 kilos, hot nitric acid (76° to 90°); 
when the action is finished the liquid is de- 
oanted from the sediment, whioh contains all 
the arsenic. On addition of water to the solu¬ 
tion a white precipitate of basic nitrate falls, tho 
constitution of which varies with the amount 
of water used. 'Phis was formerly knqwn as 
magietery of bismuth , and is now called flake or 
pearl white, the latter name being also applied 
to the oxychloride of.bismuth. 

For pharmaceutical purposes the subnitrate 
is prepared as follows: Dissolve 2 parts of bis¬ 
muth in 4 parts nitrio acid of sp.gr. 1*42, diluted 
with 3 parts water, pour from deposit, if any, 
•vapor&te to one-third the bulk, and pour into 


m 

80 parts of water, filter, wash and dry the pre* 
eipitato at a temperature not above 55°. • 

It is* a pearly-white powder consisting of 
minute crystalline scales. It is employed as a 
flux for /oertain enamels, augmenting their 
fusibility without imparting any colour, and on 
this account is used as a vehicle for metallic 
oxides. For the colourless iridescent glaze on 
porcelalh the basic nitrate is rubbed with resin 
and gently heated with lavender oil; by the 
addition of coloured oxides, yellow and other 
colours are produced. It is also used like the 
oxide and in the same proportions for gilding 
porcelain, and to some extent as a cosmetio 
under the names blanc dt fard and blano 
d'Espagne. It is largely used in medicine. 

When propared from impure motal it is liable 
to contain arsenic, lead, and silver; tellurium 
has also been suspected (Pharm. J. 3, No. 287). To 
tost for arsenic, heat a little of the nitrate ia a 
tube until brown fumes cease to be evolved. 
Add a small crystal of potassium acetate, and 
again heat; in presence of a trace of arsenio the 
odour of kakodyl is observed (A. Glenard, J. de 
Pharm. [4] 1, 217). 

Bismuth chloride BiCl s . This compound 
is producod when” finely powdered bismuth is 
thrown into chlorine gas or wlien chlorine is 
passed over tho heated metal. It is also farmed 
by the solution of bismuth in aqua regia and 
evaporation of the liquid; or by distilling. a 
solution of the oxide in hydrochloric aoid, 
changing the receiver when all the water has 
distilled over. 

It is a white, easily fusible solid, which 
absorbs moisture from the air, forming a crystal¬ 
line hydrate. By the addition of water a white 
precipitate of basic chloride or oxychloride is 
produced corresponding to BiOCl, though its 
composition varies considerably. 

The oxychloride of bismuth is, however, 
usually prepared by pouring a solution of the 
normal nitrate into a dilute solution of common 
salt, forming oxychloride of bismuth and sodium 
nitrate. 

It is a white pearly powder kn&wn as pearl 
white, and is used as a pigment, and in the pre¬ 
paration of a very fine yellow pigment known as 
Merirace’s antimony yellow (v. Antimony). 
For double salts of bismuth chloride and chlorides 
of bivalent metals, .see Wcinland, Albor and 
Schweiger, Arch. Pharm. 1916, 254, 621. 

Bismuth chromate r. under Chromium. 

Bismuth sulphite, produced by the action of 
sulphurous acid on bismuth carbonate, or by 
double decomposition between a bismuth salt 
| and an alkali Bulplnte, is a white crystalline 
powder, and is used in medical practice to check 
intestinal fermentation, and in cases of worms. 

The organic compounds of bismuth have found 
many applications in medicine and surgery. 

Bismuth salicylate is prepared, according to 
Caussc (Compt. rend. 112, 1220), by adding a 
solution of a neutral salicylate to a solution of 
bismutli nitrate in a minimum amount of 
hydrochlorio acid. Considerable quantities of 
ammonium chloride are added to the solutions 
before they are mixed. Hydrated bismuth, 
salioylate Bi(C 7 H,0 1 )„4H,0 is thus obtained 
as a white crystalline powder, uufcluble m oold 
water. , , 

I A better method of preparation, due to 
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Thibault (Boll. Soo. ohim. 26, 794), consists! Bismuth chrysophanate (‘ Demot ’) 
in treating the bismuth oxide obtained by l Bi(C ls H,0,) 3 'Bi t 0,(I) 

{irecipitation froip 16 parts of bismuth nitrate a pefiowiah-bro'wn powder, is, aooording to 
with absolution of 10 parts of salioylio acid in Merc/., a mixture of impure ohrysarobin and 
200 parts of water and heating on ihe water- bismuth hydrate. 

bath till the action is complete. The product . Compounds of bismuth with phenols are 
is decanted, washed with cold alcohol, and dried obtained by double decomposition between an 
at 100*. It is thus obtained in rose-grey alkaline salt of the phenol and a salt of bismuth, 
crystals, which are soluble without decomposition such as the nitrate. Among those that hare 
in cold alcohol, ether, or in a saturated aqueous been made commercially may be mentioned i 
solution of salicylic acid. orphol (the /3-naphthol compound) 

Martinotti and fiomelio (Bull. Chim. Pharm. C 10 H ? OBi(OH).+Bi J O,+H g O ; 

40, 141) point out that commercial preparations xeroform (th8 tri bromophenol compound) 

of the salt vary very much in composition, the ,,, ,y ,,, A , -.-At, , A . 

amount of acid ranging from 6 to 67 p.c., and ' '* 3 3 33 3 31 

that of bismuth oxide from 37 to 79 p.c. hekosol (the pyrogallate) 

Kebler, however, has shown (Pharm. J. 64, [C,H a (0H) 2 0] 2 , Bi , 0H. 

591) that the alcoholio tost of the British An important pathological application of bis- 
Pharmacopceia is too stringent, as hot alcohol muth salts is their administration internally 
decomposes the salt. A more trustworthy in order to outline parts of the body in Rontgen 
method of testing of bismuth salicylate for free ray work. 

acid consists in extracting it with 90 p.c. benzeno Bismuth oxyiodosubgallate C,H 2 (0H)3-C0 2 ' 
and filtering the extract into dilute forric Bil(C)H), ‘ airol is‘prepared by heating together 
chloride solution (1 in 3000), when a violet ring in 50 parts of water 35 parts bismuth oxyiodide, 
is produced at the junction of tho two liquids and 18-8 parts gallic acid until the product is a 
if free acid is present. greyish-green powder. It is used as a substitute 

Basic bismuth gallate, • known comnferoially for iodoform, 
as ‘ dermatol ,’ is prepared as follows : 306 grams Other compounds of bismuth to which trade 
of basic bismuth nitrate is dissolved in 328 grams names have been given are: 
nitric acid of strength 38°B., diluted with 200 Bismal , bismuth methylenedigallate, ob- 

grams water. Tho solution is filtered through t-ained by the general method from the hydroxide 
glass-v ool, evaporated down to 600 grams, and and mefchylonedigallic acid, 
allowed to crystallise. The product is dissolved Markasol, bismuth borophenate. 

in 980 grams glacial acetic acid, diluted with TJuojorm, bismuth dithiosalicylate, used as 

8 litres of water, and then mixed with a solution a substitute for iodoform (v. Synthetic drugs). 
of 188 grams crystallised gallic acid in 8 litres of Tertiary aromatic bismuthines and their 

water. The precipitate of bismuth gallate thus halogen derivatives have been prepared by 
produced is washed five or six times with water, Challenger (Cliem. Soc. Tr^ps. 1914, 105, 2210). 
pressed, and dried (Hartz, Pharm. Rundsch. Other organo-bismuth compounds have been 
12,182). described by»Lowig, Annalen, 1850, 75, 355; 

Another methqd consists in treating a solu- Breed, ibid. 1852, 82, 106; Dunhaupt, ibid. 
tion of bismuth nitrate in nitric acid with a 1854, 92, 371 ; Miclnelis and collaborators, 


solution of gallic acid in 70 p.c. alcohol, nearly Ber. 1887, 20, 52, 54, 1516; 1888, 21, 2035; 
neutralising with sodium hydroxide or sodium i Gillmeister, Bor. 1897, 30, 2843; Pfeiffer and 
carbonate, and finally adding considerable Pictsch, ibid. 1904, 37, 4620; Hilpert and 
quantities of sodium acetate or diluting largely! Griittner, ibid. 1913, 46, 1685; Hilpert and 
with water.*”The compound is thus obtained as j Ditniar, ibid. 3741 ; Ehrlich and Karret, ibid. 
a yellow precipitate, which is collected and dried 1 3564 ; Vamno and Mussgnug, Ber. 1917, 50, 21. 
(EW Pat. 6234, 1891). | BISMUTHINITE or BISMUTH-GLANCE. 

The empirical formula of the substance is Native bismuth sulphide, Bi 2 y a , occurring as 
BiC,B*0 7 , and Thibault (J. Pharm. Chim. 14,! acicular or bladed orthorhombic crystals or 
487) 'considers that it is really bismiiihogaUic lamellar glasses, very like stibnite (Sb 2 S 3 ) in 
aoid, adducing in favour of this view the fact, appearance. In Queensland and Bolivia it is 
that with alkalis it forms salts of which potassium j found in sufficient abundance to be mined as an 
bismuthogallate K 3 BiC 7 H 6 0 7 is a type. ore of bismutPfT*" L. J. S. 

A general method for the preparation of BISMUTITE. Basic bismuth carbonate, con* 
bismuth salts of organic acids is the solution tabling about 90 p.c. Bi a 0*; formula perhaps 
of freshlv preoipitated bismuth hydroxide in Bi 2 0 3 'CG 8 *H,0. It is a yellowish earthy 
a solution of the acid (Fischer and GrUtznor, material, and presenting such an appearance is 
Arch. Pharm. 1894, 232, 460; t. also Telle, surprisingly heavy (sp.gr. variously given as 
ibid. 1908,246,484, for the preparation of bismuth 6*9 and 7*6). It occurs as an alteration product 
lafitaie by this method). of native bismuth, and in Bolivia is an important 

Basic bismuth dibromohydroxynaphthoate, ore this metal. L. J. S. 

which has been suggested as a substitute for BISMUTOSE v. Synthetic Drugs, 
iodoform in surgical dressings (G. Richter, BISTRE v. Pigments. 

Apoth. Zeit, 1908, 23, 600), is obtained by a BISULPHIDE OF CARBON v. Carbon 

aimilaif- method. /3-hydroxynaphthoic acid is disulphide, art. Carbon. 

Jftomin&ted in acetio acid solution, and the BITTER ALMOND OIL v. Benzaldehyde, 
^crystallised product heated with bismuth an( i Oils, Essential. 
hydroxide. * Tgue salt ^ds a finely crystalline,. BITTER APPLE v. Colocynth. 
yellow, odourless, insoluble powder, which is £WEET v. Dulcamara. 

unaffected by heating to 110®. BITTER WOOD t>. Quassia. 
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BITTERN. The mother liquor whidh re¬ 
mains after the crystallisation of commqp salt 
from sea-water, or the water from salt sjjrifigs. 
It contains soluble magnesium salts, bromides, 
and iodides. 

The same term i^also applied to a mixture 
of equal.parts of quassia extract and sulphate of 
iron, 2 parts extract of Cocculus indicus, 4 parts 
Spanish liquorice, and 8 parts treacle, uBed to 
sophisticate beers. 

BITUMEN. This term includes a consider¬ 
able number of inflammable mineral substances 
consisting mainly of hydrocarbons. They are of 
various consistence, from thin fluid to solid, but 
the solid bitumens are for the most part lique¬ 
fiable at a moderate heat. The purest kind of 
fluid bitumen, called naphtha or rock oil, is a 
colourless liquid of sp.gr. 0*7-0*84, and with a 
bituminous odour. It often occurs m nature 
with asphalt and other solid bitumens. Petro¬ 
leum is a dark-coloured fluid variety containing 
much naphtha. Maltha or mineral tar is a more 
viscid variety. The solid bitumens arc asphalt 
(q.v.) ; mineral tallow or hatchet in ; clastic 
bitumen, mineral caoutchouc or elalerilc ; ozo¬ 
kerite, &c. 

An abundance of bitumen is found in the 
island of Trinidad at the Pitch Lakes, and in 
Mexico. It is supposed to be a product of the 
decomposition of vegetable matter, and consists i 
chiefly of hydrocarbons with variable quantities 
of oxygen and nitrogen (v. Pitch). I 

BITUMINOUS COAL v. Fuel. 

BIXEIN, BIXIN. Colouring matters of 
annatto (v. Annatto). 

BLACK BAND IRONSTONE v. Iron,Ores of. 

BLACKBERRIES.* The fruit of the bramble, 
Bub us fruticosus. Konig gives, a§ the average 
composition: 

Free Other carbo- 

Water Proteiu acid Sujmr hydrates Fibre Ash 
86-4 0-5 1-2 4-4 1*8 5*2 0*5 

The seeds contain about 12*0 p.c. of a drying 
oil, sp.gr. at 15° 0*9250, iodine number 147*8, 
the liquid fatty acids—about 91 p.c. of the oil, 
contain about 80 p.c. of linolic acid, 17 p.c. of 
oleic acid, and 3 p.c. of linolonie acid, whilst the 
solid acids, chiefly palmitic acid, amount to 
about 4*7 p.c.; volatile acids are not present in 
the oil. A small quantity of phytostcrol is 

? resent (Krzizan, Chem. Rev. Fett u. Harz, ind. 
908, 15, 7). For a study*Vi ,5, %he colouring 
matter of the fruit, see Vocchi (Chem. Zeit. 1914, 
L 1209). H. I. 

BLACK BOY GUM v. Balsams. 

BLACK CHALK. A kind of clay containing 
carbon, found in Carnarvonshire and in the Isle 
of Islay. 

BLACK COPPER u. Copper. 

BLACK EARTHY COBALT «. Cobalt. 
BLACK FLUX v. Assaying. * 

BLACK HAW. The dried bark of Viburwm 
prunifolium (Linn.). 

BLACK HELLEBORE ROOT. Radix Hdle - 
bori nigri. (Racine d'Ellebore noir, Fr.; Schwarze 
Nieswurzel, Ger.). 

The loot of the HeUeborus iiiger»(Um.) or 
Christmas Rose (Woodville, Med. Bot. 109; 


Bentl. a. Trim. 2). Black hellebore and 
the nearly related green hellebore, HeUcborm 
viridis (Linn.), are seldom employed in England 
except in*veterinary medicine. They are both 
powerful intestinal irritants. ( Veratrum viride 
and V. album, also known as green and white 
hellebore respectively, are very different plants, 
and contain alkaloids.) 

According to Husemann and Maru^ (Annalen, 
133, 55), both species of Hclleborus contain a 
glucoside helleborem, and a smaller quantity of 
a second glucoside hclleborin. The former is, 
according to Rieburg (Arch. Pharm. 1913, 251, 
154), an amorphous saponin (C 2 iH 84 O 10 )a:, and 
is hydrolysed by boiling dilute sulphuric acid to 
2 mols. each oi dextrose and arabinose, 1 mol. 
of acetic acid, acid helleboretin C 21 H sa 0 7 (a 
lactone ?), and neutial helleboretin 
greenish-black mass. Helleborem is not a 
suitable substitute for digitalis (cf. also Thaeter, 
Arch. Pharm. 1897, 236, 414). Helleborin melts 
with decomposition at 150°, dissolves easily in 
boiling alcohol or chloroform and gives a deep 
red solution with sulphuric acid. 

BLACKING. Blacking for shoes is mentioned 
as early as 1598. but it was not introduced into 
England until the reign of Charles II. It con¬ 
sists of (1) black bone charcoal (free .from 
calcium phosphate, otherwise it is subsequently 
treated wi^i diluto sulphuric acid) and black 
colouring matter; (2) a mixture of sugar and 
oil, which, on rubbing, imparts the gloss ; and 
(3) fatty matter for preservation purposes. 

Carnauba wax with its hardness and high 
melting-point is the basis of modern friction 
polishes. The cheaper candelilia wax may, to a 
certain extent, replace the carnauba with but 
little difference in the quality of the polish. 

There are two chief methods for working 
these waxes into polish : The* wax is emulsified 
by boiling in a solution of borax. The product 
is known as white stock. If polish is to be in the 
form of paste, the white stock while hot is mixed 
with a hot solution of ordinary laundiy soap 
and sufficient mgrosin to givti the expired depth 
of colour. The mixture cools as a soft paste 
that may readily be applied by means of a brush 
or sponge. If the polish is desired in the liquid 
form, the best grade of Castillo soap is used; 
a solution of this variety of soap does not 
gelatinise. Numerous trials have shown that 
no matter how dilute the soap solution, a satis¬ 
factory liquid cannot be obtained unless Castille 
soap is used. Both the paste and liquid forms 
are widely used. With a moderate friction, 
the hard waxes held upon the leather by the 
soap, give a beautiful and very desirable polish. 

The seoond method of dealing with the hard 
waxes is as follows: Carnauba or candelilia or 
a mixture of the two with beeswax and ceresin 
or paraffin is dissolved in hot turpentine and 
mixod with very finely pulverised bone charcoal. 
When properly cooled there results a firm paste 
that spreads rapidly under a brush or sponge. 
When this mixture is poured into boxes it must 
be properly cooled, otherwise there is a tftpara* 
tion of the harder waxes from the solvent, the# 
result being a granular sloppy mass yisie&d of the 
firm paste desired.- If the harder waxes alone 
! were used it would be difficult to prevent 
1 separation from the turpentine on cooling, hence 
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the admixture of softer waxes. Beeswax gives 1 Piste Hacking, Mix 10 oz. ivory black, 
also a toughness or lack of shortness to the 10 04 lampblack, 6 oz. treaole, 5 oz. vinegar, 
paste, t and a sA'iooth finish that crfnnot be and 4 oz. sperm oil. Mix and add gradually 
obtained without it. These softer wa^es reduce 4 oz. sulphuric acid. When intumescence 
the gloss available from the camauba or ceases, add \ oz. of iron sulphate, 6 oz. gum 
candelilla. The use of bone black as a colouring arabic, and 5 oz. water t (Pharm. Formula, 
agent is an attempt to overcome the weakness 1008, 378). 

inherent in the use of the softer waxes, and to Sticks of blacking of plastic consistence are 
add to the gloss obtainable from the waxes made from the following: 5 oz. stearin, 5 oz. 
that obtained by friction of the bone carbon. paraffin wax, 2 £ oz. camauba wax, 2 $ oz. 

For tan leathers the same goods are used, lustrous pitch, and 7 oz. turpentine (Pharm. J. 
except that a brown or yellow dyo and pigment Pat. 2504, 1908). 

replace the nigroain and bone char. The appli- Iliscox describes the following paste : 122 
cation of the tan polish is frequently preceded parts Marseilles soap, 61 parts potassium oar- 
by the use of a cleaning solution to remove bonate, 600 parts beeswax, and 2000 parts 
stains and discolouration (J. T. Donald, J. Soc. water are mixed with constant stirring and 
Chem. Ind. 1913, 32, 459). 153 parts rock candy (powdered), 61 parts gum 

A liquid blacking can be prepared from 120 arabic, and 1000 parts ivory black are added 
parte of ivory black, 90 parts brown sugar, 15 with constant stirring. 

paAts olive oil, and 500 parts stale beer. The Boot polish. 5£ oz. ozokerite, 2 lbs. oerasin, 
ivory black, sugar, and olive oil are mixed into 5£ oz. carnauba wax, If oz. beeswax, 4 pints 
a smooth pasto, and the beer added under turpentine, 2 lbs. lampblack, 20 grains black 
constant stirring (Hiscox, 1907). aniline dye, and perfbme added if desired (Pharm. 

A German recipe is as follows r 25 parts J. 1908, 606). 

Marseilles soap are dissolved in 375 parts of Self-shining blacking. Dissolve 4 oz. gum 
warm spirit (25 p.c.) and 40 parts of glycerol arabic, If oz. coarse sugar, £ pint good black 
added; this is shaken and addod to a solution ink, and 1 oz. sweet oil, rub in a mortar, add 
of 200 parts o*f shellac dissolved in 1000 parts 2 oz. strong vinegar, and add lastly 1 oz. rectified 
of spirit (95 p.c.) and 5 parts mgrosine in 125 spirits (Scientific Amer. 1903,39). 
parts of spirit added. The mixture is well French shoe dressing. 32 oz. vinegar, 8 oz. 

shaken in a dosed vessel and left # for a fort- logwood, and f oz. potassium dichromate are 
night. boiled and strained whilst hot into a mixture of 

Liquid polish. 4 oz. asphaltum, 8 fl. oz. 4 oz. gelatine, 4 oz. tragacanth, 4 oz. glycerol 
turpentine, 3 fl. oz. of gold size, £ oz. nigrosine, and 15 oz. water. The mixture is allowed to 
ana 3 fl. oz. linseed oil. The mixture is heated stand for some hours: 2 oz. indigo are then 
until uniform and thinned down to dosired con- added, and the whole triturated in a mortar 
sistence with oil of turpentine (Phot. J. Dec. (Pharm. Form. 1908) 

1908, 738). Boot-top liquid, i oz. txalic acid, 1 oz. zino 

Day and Martin's chief blacking is obtained sulphate, dissolved in 30 oz. water. Apply 
by mixing ground animal charcoal, sperm oil, with a sponge to the leather, which has been 
raw sugar or treucle, and a small portion of previously washed with water, then wash off 
vinegar. Dilute sulphurio acid is then added with water, and dry (Workshop Receipts, 1909, 
to the masB until intumescence ceases, and 123). 

the product is thinned by the addition of For kid shoes. 2 oz. gum shellac, 1 oz. 

vinegar. aquoous ammonia, 8 oz. water, and aniline blaok 

Bryant &vd James's indiarubber blacking is enough to colour. The first two ingredients 
prepared by triturating thoroughly 18 oz. very are hoated almost to boiling, and water is 
fine shreds of indiarubber, 9 lbs. hot rap'eseed addod to make the whole measure 16 oz. 
oil, 60 lbs. finely powdered animal charcoal, (Scion. Amer. 1903, 39). 

45 lbs. treacle, 1 lb. gum arabic previously Waterproof blacking. 6 oz. oaoutchouo and 
dissolved in 20 gall, vinegar. The whole is 3 lbs. hot rape oil are added to 20 lbs. ivory blaok, 
placed in a wooden vessel, and 12 lbs. 15 lbs. m^asses, and 6 or 7 gall, vinegar in which 
sulphurio acid added in small quantities at 6 oz. ground gum arabio has been dissolved; 
a time, and stirred for f hour daily for 14 then add 4 sulphurio acid and stir con- 
days, 3 lbs. of finely ground gum arabic added, stantly. Allow to stand for 2 weeks, then add 
and stirring continued for 14 days. If required 1 lb. fine gum arabio. Stir daily during 2 
in the paste form, only 12 gall, vinegar added and weeks, and bottle (Workshop Receipts, 1909, 
6 or 7 days’ stirring is sufficient. 124). 

Brunner makes a blacking by stirring 10 For dress boots. 8 oz. gum arabic and 2 oz. 
parts of bone blaok with 100 parts of glucose molasses dissolved in 2 oz. ink and J pt. 
Byrup, and 5 parts sulphurio acid added with vinegar. This is strained, and 2 oz. spirits of 
rapid stirring until the mass is homogeneous, wino added. 

2 parts of soda are dissolved in 4 parts water, BLACK-JACK. A miner’s term for blende, 
and 20 parts train oil added and boiled with or zine sulphide (v Zinc). V. Zincblende. 
constant stirring until a thick liquid is formed: BLACK LEAD. The common name of 

the other mixture is then added with repeated pluftibago or graphite* (v. Carbon). 
ctirring. BLACKLEY BLUE v. {ndulinjcs. 

b A cheap and good shoe blacking may be pro- BLACK LIQUOR. Ferrous acetate (t;. Acetic 
pared,by mixing 1 lb. of ivory black, 1 lb. acid). 

molasses, 8 tkblespoonfuls sweet oil, and 1 oz. BLACK MUSTARD SEED OIL v. Raps oil ; 
of gum arabio, dissolved in 2 quarts of vinegar Oils and Fats. * 

and i lb. of oil of vitrioL BLACK TELLURIUM v. Txllubiuu. 
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BUCK TIN V Tin. 

BLACK VABNISH or BLACK JJffAN v. 

Vabnisb. i * 

BUCK WAD V . Manganese 

BLACK, WOQL, V. A'/.O- COLOURING 
MATTERS. 

BLANK FIXE. Trade name for ground 
barium sulphate used as a pigment ( v. 
Barytes). 

BLANKIT. A trade or factory term for 
sodium hydrosulphite. 

BLANQUETTE. A lend of crude soda, less 
caustic than barilla, obtained at Aigues-Mortes 
by the incineration of Salsola hah 

BLAST FURNACE GAS *>. Fuel. 

BLASTING GELATINE AND POWDER 

Explosives. 

BLAU or BLUE GAS. A mixtuie of volatile 
hydrocarbons, e.g. propane, butane, the pen j 
tanes &c., containing hydrogen and methane, ; 
&c., in solution under pressure. The pressure 
solution is filled into steel cylinders, and is thus j 
available for transpoit. Used for illuminating, : 
heating, and power puiposes (Hallock, J. Soc. 
Chem. lnd. 1908, 550). 

BLEACHING. This term signifies tho art 
of destroying tho natural colour of vegetable 
and animal products in such a manner as to 
leave them unimpaired with as white an appear¬ 
ance as possible. Tho removal of certain other 
natural or artificial impurities usually accom¬ 
panies tho bleaching proper. The art acquires 
its greatest importance in connection with the 
textile fibres, cotton, linen, wool, and silk; hence 
special reference will be made to the modern 
methods of bleaching those materials. 

Cotton bleaching. Cotton is Usually bloached 
in the form of yarn, thread, and fabric, seldom 
as loose cotton-wool. The natural impurities 
occurring in raw cotton amount to about 
5 p.o., and consist chiefly of pectio matters; 
other substances present are brown colouring 
matter and very minute quantities of a fatty 
acid, cotton wax, and albuminous matter. The 
soiled grey appearance of raw cotton-wool, yam, 
and thread is almost entirely due to the presence 
of these natural impurities. Cotton doth or 
calico, however, is still further contaminated 
with flour or starch, fatty matter,eChina clay, 
and other mineral substances, all of which, to 
the amount of 30-50 p.c., Jyy-sJjeen introduced 
during the sizing of the warp. 

• Cotton yarn and thread bleaching. If the 
ootton yam is in the form of * warps,’ these are 
loosely plaited by hand or machine in order‘to 
reduoe their inconvenient length; if in the form 
of 4 hankB,’ these are bleached separately or 
linked together in chain form; weft yarn is 
sometimes bleached in the form of 4 cops,’ i.e. 
ready for the spool of ,the weaver’s shuttle. 

The several operations of the Reaching 
prooess for 1500 kilos, yam, employing low 
pressure kiers, are as follows :— • 

1. Ley-boil. 30ty litres oaustio soda (sp.gr. 

1*16), 2000 litres water, boil 6 hours; 

, wash in tier 1 hour. 

2. Chemicking. Bleaohing-powder solution 

(8p.gr. 1-005), steep unaensieve 2 hours; 

wash under sieve naif an hour. 

8. Souring. Sulphuric add (sp.gr. 1-005), 


steep undei sieve hall an nuoi wash 
under sieve half an hour and afterwards 
• in washing maohinl. , 

4. Shaping and blueing. Soap solution 
about 6 grams per litre, with addition 
of small quantity of indigo-purple (indi- 
gotin monosulphonate of soda), steep 
2 hours under sieve. . 

6 . Dumping. Pass through dumping ma¬ 
chine containing soap solution and 
indigo-purple, aB in operation No. 4; 
wash, squeeze or hydro-extraot, and 
dry. 

The first, second, and third operations are 
repeated in the case of thread because of its 
closer texture. For the second ley-boil, 30 litres 
caustic soda (sp.gr. 1-16) and 15 kilos, soap are 
used; the chemicking and souring tire exact 
repetitions. 

The ley-boil takes plane in laree iron biilera 
or 1 kiers,’ a representation of whioh is shown 
in Fig. 1. 

Tho boiler a has a oentral puffer pipe, b, fur¬ 
nished with a bonnet or spreader, m, at the top; 
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Fig. 1. 

0 is a perforated false bottom ; d is the lid 
hingod at x and capable of being readily lifted 
by means of a chain and counterweight; » is 
an air valve, l a steam pressure gauge ; H and 
I are the steam and liquor pipes connected bv 
the two-way valve K with the pipe J, whioh 
enters the kier immediately below the puffer 
pipe : g is the let-off valve. 

When such a kier has been charged with 
yam and caustic soda solution, the lid is fastened 
down and steam is admitted. The liquor below 
the false bottom soon begins to boil, and as the 
pressure of steam increases, a portion of the boil¬ 
ing liquor is forcibly ejected up the puffer pipe 
and spread over the yam. The liquar drflgna 
through the yam, soon to be ejected as befop. 
In this intermittent manner the circulation of 
the boiling liquor is maintained. • 

The apparatus for chemicking, souring, wash¬ 
ing under sieve, soaping and blueing, shown in 
Fig. 2, consists of. a stone tank, x, with per- 
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forated false bottom v, and communicating by 
the> valve o with the stone tank d below. The 
ohain of % yam is df-awn from the kier dnd led 
into the tank a by means of the \Vinoh A. 
When a is suitably filled with yarn, the liquor 
in tank d is raised by the pump c to the sieve 
V', whence it drains through the yarn into the 
well below, again to be pumped up as before ; 
B is the eoeertric wheel on revolving shift by 
which the pump is worked. 

The * dumping ’ machine referred to consists 
of a pair of heavy wooden rollers placed over a 
Jaige wooden tank; containing the soap solution. 





Fio. 2. 


The upper roller is covered with cotton rope 
and rests loosely on the lower one. The yarn is 
first passed through the soap solution and then 
between the squeezing rollers ; the irregularities 
caused by the linking or plaiting impart to the 
upper roller a constant jumping motion, which 
thus effectually cleanses the yarn and presses 
the soap and blue into the fibres. 

# When hank yarn is not linked to form a 
drain, but treated as separate hanks, ‘ w r ash 
stocks’ ip whic^ the yarn is subjected to the 
beating * aotioi* of heavy wooden hammers, 
replace the dumping maohine. 

Bleaching of yarn In the form o! ‘ cops ’ or 


‘cross-^ound spools’ (‘ cheeses’). The cops 
may be» packed in wicker baskets or in linen 
bags »ni boiled in an ordinary kier, or they are 
treated # in special cop-dyeing apparatus. It is 
preferable to use a solution of sodium hypo¬ 
chlorite in place of a bleaching-powder solution. 

Cotton-cloth or calico bleaching. Accord¬ 
ing to the purpose for which the bleaohed 
material is intended, we may distinguish between 
the madder bleach , the market bleach , and the 
j Turkey-red bleach. 

The madder bleach. This, the most thorough 
| kind of calico bleaching, is in general use with 

_ , _ _ calico-printers. It aims at 

> entirely removing every im¬ 
purity which will attract 
colouring matter in the madder 
or other dye-bath, so that the 
finished print may have a 
pure white ground. 

Before proceeding to the 
actual bleaching process the 
preliminary operations of 
stamping, stitching, and singe¬ 
ing have to be performed. 

To recognise each piece of 
cloth and to trace damages, 
the ends are stamped with 
numbers and letters, usually 
with thick gas tar, occasion¬ 
ally with aniline black. The 
pieces are then stitched to¬ 
gether by machine. 

The singeing operation is 
for the purpose of burning 
olf the loose fibres on the 
surface of the calico, since 
they interfere with the pro¬ 
duction of fine impressions, 
and are apt to give rise to 
certain defects during the 
printing process. It is per¬ 
formed by rapidly passing 
the cloth in the open width 
over rod-hot copper plates or 
cylinders, or over a row of 
Bunsen gas flames. We may 
distinguish, therefore, between 
plate singeing and gas singeing, 
the former being generally 
preferred for thick heavy 
cloth, the latter for light thin 
cloth, muslins, &c. 
mkmIu plate singeing it is im¬ 
portant that the plates be kept t 
at a uniform strong red heat 
sufficiently high to overcome 
the cooling action of the rapidly 
| moving cloth. The best results are obtained 
; by means of the ‘ singeing roller,’ which con- 
1 sists of a slowly revolving copper cylinder 
through which a furnace flame is conducted, 
In this case the cloth presses continually against 
a different portion of the red-hot surface of the 
roller; the cooling action is thus reduoed to a 
minirhum, and a regular even singe is the result. 

All singeing machines *are provided with 
lever arrangements for immediately removing 
the cloth from the hot plate, or the gas flame 
from the cloth, in case of necessity; further 
danger from*'fire is avoided by causing the 
singed cloth to pass at once between a pair of 
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njimall (solid), water 37,000 litre*; boil 12 

sparks hours. j 

o » 3rd. 380 kilos. 3 soda ash, water 

The~ahove preliminary operations fke now 3 37,000 litres ; boil 3 hours ; wash, 

succeeded by those of the bleaching proper. 5. Chemicking. Pass through bleaching- 
The following is an outline of the process at powder solution (sp.gr. 1*0025);' pile 

{ iresent in use for S&,000 kilos, cloth, employing 2—12 hours ; wash. 

ow-pressure kiers :— 6. White-sour. Pass through hydroohloric * 

1. Wash after singeing. ^ or sulphurio acid (sp.gL 1*01); pile 

2. Lime^boil. 1000 kilos, lime, water about 1-3 hours. 

37,000 litres ; boil 12 hours ; wash. 7. Wash, squeeze, open out, and dry. 

3. Lime sour or grey-sour. Pass through 1. Wash after singeing. From the singeing 

hydrochloric acid (sp.gr. 101): wash, house the cloth is passed through the washing 

4. Ley-hoils. 1st. 340 kilos, soda ash, water machine in rope form, then plaited down on 
about 37,000 litres ; boil 3 hours. the floor and allowed to lio * in pile’ for some 

2nd. 8G0 kilos, soda ash, 380 hours to soften. By this Operation the cloth is 
kilos, rosin, 190 kilos, caustic soda well soaked with water, and is thus better pre¬ 



pared to absorb the liquors used in the sub- strands of cloth; s, s are strong brass rings or 
sequent operations. ShoulM^oth be heavily ‘ pot eyes * through which the cloth enters 
iized, much of the adventitious matter la also the machine, and which can be set at any angle 
removed at this stage. to regulate its tension ; k and w are the sorews, 

The form of washing machine generally levers, and weights for regulating the pressure of 
employed is shown in Figs. 3 and 4. It con- the squeezing rollers against each other. The 
sists of a water trough, b, above which a pair action of this machino is such that the cloth is 
of heavy wooden squeezing rollers, a, a, are sup- continuously being soaked with water and then 
ported. Two strands of cloth are washed simul- squeezed, thus causing a vigorous stream of 
taneously ; they enter the machine at the ends, water to flow down the upward-moving strands 
pass between the squeezing roll era, then round of cloth. 

the roller B in the water trough, again let ween 2. Lime-boil (lime-bowk, bucking, bowkingj. 
the rollers a, a, and thus travel spirally towards The pieces are run through milk of lime supplied 
the oentre of the machine, whence they are to a washing machine of small dimensions-— < 
drawn out by a winch and piled on the floor, generally termed the ‘ liming machine ’ —and afe 
A constant stream of water from tho main [ at once drawn by winches into the lime kien£ 

O enters at the centre of the trough by the carrying with them the lime they have absorbed, 
tip x, the dirty water flowing out at both ends ; I The cloth is plaited in regular Tolds and well 
e, C are wooden guide pegs to separate the several | tramped down by boys, who enter the kiers. 
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After adding the neoessary amount of water, 
thn boiling and circulation of the liquor takes 

f )lace as fc already described in the oase'-of the 
ey-boil of cotton-yam bleaching. 1 

The lime-boil has for its object the decom¬ 
position of the fatty, waxy, and resinous im¬ 
purities present in the cloth. Though not 
removed, but adhering still to the fabric in the 
form of lime-ooaps, their altered condition^facili- 
tates their removal by the subsequent processes. 
The starch of the size is reraovod, and the 
colouring matter of the fibre is modified. Lime 
is preferred to caustic soda because it is cheaper, 
and much more effective in saponifying neutral 
fatty matter than the caustic or carbonated 
alkalis; indeed, wiflh the exception of barium 
hydroxide, it seems to be the most energetic 
saponifying agent which could be used in cotton 
bleaching. 

it is very essential to have a sufficiency of 
water in the kier, so that it stands at least about 
2 feet above the false bottom; otherwise the 
cloth, either at the top or bottom of the kier, is 
very apt to be tendered, probably because it 
becomes oxidised by the action of the steam 
upon the cloth in its limed condition. Qn the 
other hand, an excess of wktor in the kier is to 
be avoided, sinSe then the cloth is apt to float 
and become entangled, or damaged by rubbing 
against the sides of the kier during the boiling. 
When closed high-pressure kiers and live steam 
are employed, the increase in volume of liquor 
by the condensation of the steam must be taken 
into account, and, if necessary, a little liquor 
must be allowed to escape. 

Of the several varieties of kier which have 
from time to time been introduced in practice, 
mention may be made of 1 Barlow's kiers.' 
These are always worked in pairs, and so 
arranged that the top of one kier is connected by 
a pipe with the bottom of the other; the pipes 
which enter at the top and centre of each kier arc 
continued as perforated pipes or ‘ distributors * 
to a little above the false bottom, and then to 
the bottom of the kier as a stay. Both kiers 
having beoi^jjhargod with cloth, the necessary 
amount of water is run into one kier only ; high- 
pressure steam is then admitted at the top, and 
the liquor forced out below enters the distributor 
of the other kier at the top and permeates the 
cloth- When all the liquor has been thus 
transferred, the taps are reversed so that the 
steam forces the liquor in a similar manner back 
into the first kier. This alternating process and 
circulation of the liquor is continued for about 
seven hours. 

Pendlebury’s arrangement of kiers is pre¬ 
cisely similar to that of Barlow', the only differ¬ 
ence being that one kier is smaller and serves 
only to hold the liquor each time it is forced 
through the cloth contained in the larger kier. 
The arrangement is cheaper, more economical 
as regards space required, and is suitable for 
email requirements. 

In the vacuum kier of Mason and others, 
the circulation of the liquors is effected by means 
(4 a pump. After filling the kier with cloth, 
tie air is pumped out and the boiling liquor is 
then admitted ^ in this manner a more perfect 
penetration o£ the material by the liquor is 
Obtained. 

The injector kier of Mather and Platt is 


shown La Fig. 6. a is the kier filled with doth; 
B, b an the steam pipes; c is the injector ; and 
D th# C irculating pipe ; r is the liquor pipe by 
which foater or other liquor is admitted ; E, E is 
the draw-off valve and waste pipe. When the 
kier has been suitably filled with cloth and liquor, 
steam is turned on, and, tfy the action of the 
injector 0 , the liquid is withdrawn from the kier 
below, forced up the pipe d, and spread over 
the cloth at o. Temporarily collecting at h, 
the liquor is gradually drawn through the cloth, 
and in this manner a continual circulation of 
liquor is maintained. 

3. Lime-sour (grey-sour). After the lime- 
boil the pieces arc washed, then passed through 
a washing machine fed with dilute hydrochloric 
acid, and, if convenient, at once washed. 

The object of the lime-sour is to decompose 
the insoluble lime-soaps fixed on the cloth during 
the lime-boil, and to dissolve and remove the 
lime, also any iron or other metallic oxides 
present. Experiments by A. Scheurer show also 
that tf\e use of the lime-sour makes it less 
essential that complete saponification of the 
fatty matter should take place during the lime- 
boil than would be the case if it were omitted. 
This is so becauso the free fatty acid liberated 
during the lime-sour greatly facilitates the 
saponification of any undecomposod neutral fat 
during tho succeeding ley-boil, since the soap 
which the fatty acid then forms emulsifies the 
neutral fat and exposes it to the action of 
the alkali employed. Hence tho adoption of 
the lime-sour is equivalent to shortening the 
time of the lime-boil. A continual flow of fresh 
dilute acid into the machine must be maintained, 
and, since it is rapidly neutralised by the lime, it 
is well to ensure a constant .plight acidity of the 
liquor by occasionally making acidimetrioal tests. 
Hydrochloric acid is preferred to sulphurio acid, 
because it gives the more soluble caloium 
chloride. The soured cloth should never be 
permitted to romain long exposed to air, 
especially air currents, otherwise the acid is apt 
to concentrate in the exposed portions and thus 
tender the fibre. 

4. Ley boil. 4 This operation takes place in 
tho same kind of kiers as are used for the lime- 
boil. The fatty acids resulting from the decom¬ 
position of the lime-soaps during the grey-sour, 
also the brown colouring matters, are removed 
during thk operation. Its special feature is 
the use of resin-soap, whioh greatly facilitates 
the removal o^-f aff v matter by exercising a 
purely mechanical "emulsive aotion, the alkali 
present being then able more readily to saponify* 
the emulsified fats, particularly those neutral 
fats which perchance nave escaped the aotion of 
the lime-boil. Ordinary soft-soap aots in a 
similar manner, but resin-soap is cheaper and 
bettor. A. Scheurer finds by experiment that, 
after oaustio lime, the most rapid saponification 
of a noutral fat spotted on a piece of oalico is 
effected when boiling under pressure at 120° C., 
by a solution containing 10 grams anhydrous 
oaustio soda and 2$ grams "resin per litre. In¬ 
creasing the amount of r^sin does not hasten 
saponification, though this is done bv increasing 
the velocity of the circulation of the solution. 
Indeed, with circulation even a more rapid 84* 
ponification *is effected with caustic soda and 
resin than with lime. 
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The preliminary short boiling with sods ash, 
ffhioh is sometimes replaced by merely soaking 
the cloth in a weak solution of soda (‘|wpet- 
3 ning ’), prevents tendering of the clolfc by 
leutralising any traces of acid left in by reason 
Df insufficient washing after souring. The boil- 
ng with soda-ash aftter the resin-boil is for the 
purpose of completing the removal of fatty 
matters and any undissolved resin, which other¬ 
wise give rise to brown stains. Immediate re¬ 
moval of the cloth from the kier and washing 
s necessary to prevent the production of iron 
itains. 

5. Chemicking. The application of the 

deaching-powder solution tak<“< place in waili¬ 
ng machines of the ordinary kind, but provided 
with stone instead of wooden troughs, because 
)f their greater durability. The bleaching action 
;akes place essentially during the l)ii.g-m-pilc 
3 r exposure to air of the cloth sutural ml with t In¬ 
volution of bleaching powder ; the carbonic a< id 
3 f the air liberates hypochlorous acid, and this 
in the presence of the fibre, at once deconqjp-* 4 -. 
yielding hydrochloric acid and oxy¬ 
gen : in the moment of its produc¬ 
tion the oxygen oxidises and dest r< >\ s 
the traces of colouring met ter 
present in the fibre, thus giving it 
the highest degree of white¬ 
ness. L." 

It is necessary to avoid 
the use of strong solutions 
of bleaching powder, other¬ 
wise the fibre itself is at¬ 
tacked, oxycellulose being 
produced ; and even if the 
cotton is not tendered there¬ 
by it is still apt to acquire 
brown stains during subse¬ 
quent operations employed 
by the calico- 

printer, e..g. steam.—— V/ 

ing, or to produce ' 
uneven shades in **••*., ’- 
dyeing. 

6 . White-sour. T li i s 
operation is similar to the 
lime-sour already described, 
except that sulphuric acid 
is usually employed instead 
of hydrochloric acid, chiefly 
because of its lower cost. 

Its object is to decompose 
and remove traces of 
undecomposed bleaching 
powder, lime, iron, and the V 
oxidised colouring matter. ' ■ .,. 

7. The final washing 
must be as thorough as 

possible in order to ensure the removal or all 
traces of acid, which, if left in the cloth, would 
inevitably tender portions of it during the. drying 
process. Aftor washing, tho cloth is specially 
squeezed by passing through a pair of heavy 
wooden rollers, or through the modern grooved 
brass roller and disc machine of W. Bijch. 
The chain of cloth then passes in a horizontal, 
loosely hanging position, between a pair of 
rapidly revolving, double-armed winenes or 
scutchers, which effectually shake out the 
twist from the strand. . Thus opene j out to the 
full width, the cloth is dried by pacing over 
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steam-heated copper cylinders, and folded. 
The time usually required to oomplete th$ 
madder bleaoh is four to five (fays. # 

The nfarket bleach. In market bleaching 
the object is simply to give a brilliant white 
appearance to the calico or other similar material, 
to fit them for immediate sale in the market 
as finished white goods. It is not necessary to 
havo tWe calico ‘ well bottomed ’—wc. cleansed 
from all colour-attracting impurities, since no 
subsequent dyeing or printing is intended. The 
operations arc for the most part 
identical with those of the 
madder bleaching process. The 
modification- introduced arc 
shown in ihe following out line 
of (In* proa*—. intended for 
- IdMfO kilo- cloth, employing 
open oi low pro&bun kwrs:— 



Fia. 5. 

I Lime-toil. 1440 kilos, lime, water 
about 37,000 litres; boil 12 houre; 
wash. 

2. Lime-sour. Hydrochloric aoid (sp.gr. 

1-01); steep 2-4 hours; wash. 

3. First ley-boll or grey-boil. 240 kilos, 

caustic soda (solid), about 37,000 litres 
water; boil 12 hours; wash. 

4. Chemichng. Bleacbing-powder solutiotf 

(sp.gr. 1-005); steep 2-4 hours; wash# 
6. Second ley-boil or white-boiL 240 kilos, 
soda ash, about 37,000 litres water; 
boil 12 hours; wash. - 
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0. White-sour. Sulphuric acid (sp.gr. 1’01): 3.J Lty-hoila. 

( steep 2-4 hours; wash. * 1st. 00 litres caustio soda (sp.gr. 

7. Tint with blue ; squeeze dry. ' t *• 1*35), about 3000 litres water; 

More or less elaborate finishing 'operations * boil 10 hours; wash, 
follow— e.g. starching, calendering, beetling, 2nd. 70 litres caustic soda (sp. gr. 

stentering, &c. Some bleachers introduce a 1*35); ditto, ditto, 

white-sour between operations 4 and 5, and a 4. Sour. Sulphuric acid (sp.gr. 1*01); steep 
second chemicking between operations 5 and C. 2 hours. 

The absence of resin-soap in the leyfooils is 6. Wash well and dry. 

characteristic. The above quantities of materials are in- 

The Turkey-red bleach. This is merely a tended for 2000 kilos, cloth, with low-pressure 
curtailment of the foregoing processes, and is kier. 

specially intended for yam or cloth to be sub- The steamer-kier bleaching process. The 
frequently dyed plain alizarin-red or Turkey-red. bleaching processes previously described have 
In it the operation of singeing and tho application been in vogue with Jittle change during the 
of bleaching powder are omitted, sinco they last forty years; minor modifications have 
diminish the fulness and brilliancy of the certainly been introduced, but the chief im- 
Turkeyred dye; the use of the latter is to be provements have always been in respect of the 
avoided, because it gives rise to the production mechanical appliances employed, 
of < oxycellulose. Tho use of resin-soap is un- In 1883 Thompson patented a bleaching 
necessary, and the process is limited to the process in which the goods contained in an 
following operations :— air-tight kier are submitted to the action of 

1. Wash. bloaching-powder dotation and of carbonic acid 

2. Boil in water 2 hours ; wash. alternately. 



In 1884 W. Mather, of the firm of Mather & \ iron horizontal boiler, one ond of which can 
Platt, Manchester, devised an improved arrange- | be closed by a specially constructed sliding door, 
me^t in which the calico could be passed con- ! At the side of the kier stands a centrifugal 
tinuously through chambors or tanks containing j pump connected with the top and bottom of 
the two neoessary agents mentioned. ! the kier, and also with liquor tanks beneath, 

The so-called Matter- Thompson process ! so that either boiling water or dilute caustic 
results from a combination of the two processes alkali solutiCV be sprinkled on and cir- 
here indicated. With regard to the principles culatcd through the goods. Figs. 6 and 7 show 
of the process there is nothing new, for the the general disposition of the steamer-kier. _ 
application of carbonic acid in connection with Two waggons of cloth having been run into 
bleaohing-powder solution was patented by ! the kier, and the- door closed, steam is admitted 
P. F. Didot in 1855, uhile the steaming of goods I till the pressure reaches a maximum of 4-5 lbs. 
impregnated with alkali was patented as far During the steaming or boiling process, a 
back as 1800 by J. Turnbull. j continual sprinkling of the cloth with dilute 

The novelty consists essentially in the ma* caustic soda (sp.gr. 1*01-1 ■02) is maintained, 
ohinery employed, by which the duration of the J in order to keep the cloth well saturated with 
bleaching process is very much shortened, and liquid, and thus prevent oxidation and oonse- 
othcr material advantages are gained. . qu$nt tendering of the fibre by the action of the 

In the following year Mather introduced the su,eam. The excellent circulation of the liquors 
‘no-coifed steamer-kier, in which the goods,, j n the steamer-kier is a& noteworthy and most 
%>revi<*usly impregnated with dilute caustic soda, | important feature, since it greatly facilitates the 
were submitted to the action of low-pressure saponification of the fatty matters on the cotton, 
steam. i After steaming, the liquor is run off, the war 

The steamer-kier consists of a strong wrought- Jig almost* filled with heft water, and this is eir- 
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'rnilated through the cloth by means of fhecjintri- Ideoomposition of any insoluble fatty acid coni' 


fugal pump for one hour. A similar washing with 
fresh not water takes place during anotherjiour. 

Each kier is provided with two paijs°of 
waggons, so that while the goods in one pair are 
being Bteamed, the other pair can be emptied 
and refilled with cloth iready to be steamed. In 
this manner the operation of steaming is ren¬ 
dered as continuous as possible and a very great 
saving of time is effected. 


pounds present in the grey cloth; it remove^ 
calcareous or other mineral natter soluble in 
acids, and modifies any starchy matter present, 
probably rendering it more soluble. The addi¬ 
tion of the small proportion of the reducing agent, 
bisulphite of soda, along with tho caustic soda 
in the preparing process, is intended to prevent 
any oxidation and consequent tendering of the 
cotton during tho steaming process. 'The use of 
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The following details have been furnished by rosin-soap along with the caustic soda, combined 
H. Koechlin, of the Loerrach Printworks with the perfect circulation of the liquor, is 

To effect the madder bleach by the steamer- 1 very material to the success of this method of 
kier process, the continuous bleach with tho madder bleaching, for reasons already stated, 
application of carbonic acid, &c., is omitted, the According to H. Koechlin, this method gives 
older method of chemicking and souring being a perfectly satisfactory bleach. The white is 
preferred. Those who consider tho lime-boil as not. permanently stained in an alizarin dye-bath, 
essential may apply it equally well by means of and does not become yellow on steaming. t 
the steamor-kior. 

The operations in this case ore as follows :— 

1. Lime-boil (or steam). Run through milk 

of lime, 50 grams per litre, and pile in 
steamer-waggon ; boil in steamer-kier 5 
hours at 10 lbs. pressure, circulating 
2000 litres water. Wash in kier with 
hot water. 

2. Sour. Sour as usual with dilute IIC1 

(sp.gr. 1015); pile 2-3 hours, and 
wash. 

3 Ley-prepare. Pass through NaOlI solu-j 
tion (sp.gr. 1 -005-1 -01), heated to 70° C., I 
and nile.in steamer-waggon. 

4. Ley-boil (or steam). Boil 0 hours in 

steamer-kier at 10 lbs. pressure, with; 
circulation of resin-soap liquor: 40 1 
kilos, soda ash, 20 kilos, resin, 1000 
litres water. Wash four times ($-1 
hour each time) with boiling water, and 
finally with chid water, in kier. 

5. Chemicking. Pass as usual ,through di-, 

lute bleaohing-powder solution (sp.gr.; 

1-0025); wash. 

6 . 'Sour. Pass as usual through dilute sul¬ 

phuric acid (sp.gr. 1-01); wash and 
dry. 

Perfectly satisfactory results, however, are 
obtained by even omitting the Jjme-boil and ' 
proceeding as follows :— 

1. Sour. Pass as usual through dilute II 2 S0 4 

(sp.gr. 1015); pile 2-3 hours; wash 
and squeeze. 

2. Ley - prepare. Pass through fallowing 



Fro. 8. 

A noteworthy invention of Dr. G. Lunge is 


the application of acetio acid in connection 
with bleaching powder, in place of mineral 

, r . .. 0 , 0 acids or carbonio acid. It can be applied im- 

solution at 70° C.: 20 litres bisulphite mediately before or after, or even .along with, 
of Boda (sp.gr. 1-3), 20 kilos. NaOH j the solution of bleaching powder. It liberates 
(solid 72 p.o.), 1800 litf£s vaster; pile in hypochlorous acid with formation of soluble 

' " When the hypoohlorous acid 


* steamer-waggons, 

3. Ley-boil (or steam). Boil in steamer- 

kier 6-8 hours at 10 lbs. pressure, with 
circulation of resin-soap liquor: 20 
kilos. NaOH (solid 72 p.o.), 40 kilos, 
soda ash, 20 kilos, resin, 2000 litres 
water; wash 4 times (£-1 hour each 
time) with boiling water, and onoe 
with cold water in kier. ^ 

4. Chemicking. As above. 

5. Sour. As above ; wash and dry. , 
With the exception of the employment of 

the steamer-kier and he use of bisulphite of 
soda, this process is essentially the same as that 
employed for many years with suooess by Messrs. 
Gualaume Fr6res of St. Denis. 

The preliminary souring process effects the 
Von. 1—7’. 


calcium acetate, 
exercises its bleaching power, it gives up oxygen 
and produces hydrochloric acid, which immedi¬ 
ately acts upon the calcium acetate. In this 
manner the acetic acid is reproduced, and is thus 
ready to decompose fresh portions of caloium 
hypochlorite. m 

Hadfield and Sumner patented a process in 
which the cloth, after having been impregnated 
with a solution of bloaching powder, is passed’ 
through a box containing acetic acid vapour. 

A solution of sulphurous acid has been*used 
by some bleachers for the final souring process 
in place of sulphuric acid, over which it possesses 
tho advantage of being an antichic*, in oonse- 
quenoe of its reducing action. 

The Walsh kier. In this kier, shown in ISga. 

2 K 
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8 and 9. which is very largely used, the boiling 
liquor is circulated by means of a centrifugal 
pump, and it C heated in a speoiaj hoating 
arrangement outside the boiling kier.i 

In the Bentz-Edmcaton and in the Tagliam- 
Rigamonti kiers the boiling operation is a con¬ 
tinuous process. Low pressure is usually 
employed, and the impregnation of the pieces 
with the baling liquor in the lower paij of the 
kiers is followed by steaming in the upper part. 
Alter the boiling is completed the pieces are 
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plaited into wooden boxes, in which they are electrolysed until it contains from 10 to 
r ,, , . , , , J i u rams of active chlorine T)or litre, 

allowed to lie for some hours. 

Piece goods, such as heavy twills, &c., 
which are frequently damaged (creased) in or- 


wmuu uic utuucmiy uauittuw iudimiuui m ui- , . a *, ■> 

dinary bleaching in'the rof* form, are treated during electrolysing. 

~ . H nnr.hmff hv mi 


anothLr batching roller, passing over a heavy 
perfoiated drum which rests on both batches. 
The caustic soda liquor is circulated by means 
of 4 centrifugal pump, and is showered over the 
cloth during its passage over the perforated drum. 

In this Icier the cloth is usually boiled under 
high pressure (about 45 li^s.). 

In the preparation of sodium hypochlorite 
solution, by electrolysing a solution of common 
salt two types of processes aro employed, one in 
which the products of electrolysis, viz. sodium 
and chlorine, aro not allowed to combine, and 
the other in which they aro allowed to combine 
to form sodium hypochlorite 

2Na0H+Cl 2 =Na()Cl+NaCH-H 2 0. 

The latter process comes chiefly into considera¬ 
tion as regards the bleaching of textile materials. 

The apparatus used may be divided into two 
classes, the one in which electrodes made of 
| platinum - iridium are used, and the other in 
which carbon electrodes (highly compressed 
I graphite) are employed. 

, Iij the Kellner clectrolyser, which belongs to 
the former kind, a centrifugal pump is employed 
I by means of which the salt solution is repeatedly 
passed through the apparatus until it contains 
from 3 to 5 grams of active chlorine por litre. 

In the Ilaas and Oottel eloctrolyser, which 
belongs to the latter kind, tho salt solution is 
electrolysed until it contains from 10 to 15 
grams of active chlorine por litre. 

Powerful circulation cf tho salt solution is 
obtained by means of tho hydrogen gas ovolved 


in the open width. Special kiors have been 
constructed for this purpose, the principal one 
being the Jackson-Hunl kier (Fig. 10) 



Fig. 10. 

Previous to boding in thi» kier the eloth is 
impregnated with caustic soda ley, which has 
been used in a former boiling, in a special 
■batching machine. In this the cloth travels 
over a perforated drum, and the soda ley is 
forced through it by means of steam, which is 
blown against it whilst it travels over the drum 
Ultimately, the cloth is wound tightly and evonly 
into « batch. 

This batch is now placed on a waggon, 
which is transferred to the horizontal boiling 
kier. « 

Special driving gear is provided, by means 
of which the cloth is wound off the batch on to 


Bleaching by moans of electrolytically pre¬ 
pared hypochlorite solution, although employed 
with advantage in special cases, such as the 
bleaching of cops, is not ^commonly practised, 
I because it is more expensive in its application 
than bleachiig powder. 

The statement that an electrolytically pre¬ 
pared bleaching solution is more effective than 
a solution of bleaching powder containing the 
jsamo amount of active chlorine, cannot be 
confirmed in practice. 

Permanganate oj potash, sodium peroxide, 
and hydrogen peroxide give excellent results in 
bleaching. Their price, as compared with 
bleaching powder, is, however, in most instances, 
prohibitive. 

The history of cotton bleaching may be 
briefly sard to comprise the following noteworthy 
improvements:— 

1. The use oj^ .chlorine gas by Borthollet in 

1787, and dT hypochlorite of lime in 1799 by 
Tennant. e 

2. The boiling with oarbonate of soda instead 
of caustic soda,, after the limo-boil, introduced 
from America about 1837. A more effectual 
decomposition of the lime-soaps was thus 
obtained. 

8. The adoption of the lime-sour, as proposed 
by A. Scheurer-Rott in 1837. 

4< Tho use of resin-soap in the ley-boils 
about the same period. 

* 5. The introduction of high-pressure boiling 
kiers about 1844. 

6. Tho use of caustic alkali and resin-soap 
in conjunction with the stoamer-kier, to the 
exclusion of the lime-boil, in 1883-84. 

Linen bleaching. Sinoe the retted flax fibre 
contains a much larger proportion of natural 
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impurities than cotton, e.g. 25-30 p.e. of^pectic 30 kilos, caustio soda (solid), 30 

acid, beside fatty matter, &o., linen is not so kilos, resin, previous^ boiled together 

readily bleached as cotton. In the main? how-^ %jth water; secondly, boil (i-Vhours 

ever, the methods adopted for the two fibres are with 2000 litres water, 15 kilos, caustic 

the same. Linen is bleached in the form of yam, soda (solid), previously dissolved 

thread, or cloth. wash. 

Linen-yarn bleachfng. Very frequently linen ' 4. Expose in field 2-7 days according to the 
yarn is only partially bleached, the process being weather. * 

completed, if necessary, when tho yarn has been ! 5 . Ohemick. Steep 4-6 hours* in diluto 

woven into cloth. I bleaching-powder solution, sp.gr. 

The following operations are omployed in 1-0025; wash. 

* order to obtain ‘ half-white’ or cream, with 1500 6 . Sour. Steep 2-3 hours in diluto sulphurio 

kilos, yarn, using low-pressuro kiers : I acid, sp.gr. 1 -005 ; wash. 

1. Ley-boil. Boil 3-4 hours in a solution of I 7 . Ley-boil (scald). Boil 4-5 hours with 

150 kilos, soda ash ; wash and squeeze, I 2000 litres water, 8-13 kilos, oaustic 

2. Chemick (reel). Reel 1 hour in bleaching - 1 soda (solid); w-ash. 

powder solution, sp.gr. 1-0025 ; wash, j 8 . Expose in field 2-4 days. 

3. Sour. Steep 1 hour in dilute sulphurio; 0 . Chemick. Steep 3-6 hours in* dilute 

aoid. sp.gr. 1-005; wash. I bleaching-powdor solution, sp.gr. 

4. Ley-boil (scald). Boil 1 hour in a solution 1-0013; wash. w 

of 30-75 kilos, soda ash; wash. At this stage tho cloth is examinod ; those 

5. Chemick. Reel in a dilute solution of pieces which are sufficiently bleached are soured 

bleaching powder, sfi.gr. 1-0025; wash, and washed, the rest are further treated as 

6 . Sour. Steep 1 hour in dilute sulphuric follows:— 

acid, sp.gr. 1-005; wash well and dry. 10. Rub with rubbing boards and a solution 
If tho yarn should bo bleached more com- of soft soap. , 

pletely, then, operations 4, 5, and 6 are repeated 11. Expose in field 2-4 days. , 

two or three times, as may be found necessary, 12. Chemick. Steop 2-4 hours in dilute 

with this difference, that between 4 and 5 the bleaching-powder solution, sp.gr. 

yarn is ‘ grassed,’ i.e. exposed in the field to tho 1-0006 ; wash, 

action of the air, light, and moisture, for several 13. Sour. Steep 2-3 hours in dilute sul- 
days. By introducing this very gentle method phuric acid, sp.gr. 1-005. 

of bleaching, the full strength of tho fibre is 14. Wash, squeeze, and dry. 
better maintained. If the linen is not brown, but made of yarn 

The various operations are conducted in already partly bleached, the above process is 
apparatus precisely similar to that employed in much curtailed, and weaker liquors are employed, 
the bleaching of cotton yarn, oxcopt in tho opera- The kiers, chemicking and souring machines 
tion of chemicking. Although steeping under the! are the same as those used in cotton-cloth bleach- 
sieve in dilute bleaching-powder solution might ing. Tho washing is done in the so-called wash- 
well be employed, it is usual to*suspend the stocks or by slack-washing machines. The latter 
hanks of linen yarn on reels in such a manner that are very similar to the cotton-bashing machines, 
they are only partially immersed in the solution the chief difference being that the water tank is 
contained in a shallow tank. As the reels revolve divided into compartments, each of which holds 
the yam becomes thus alternately impregnated a few yards of slack cloth forming each strand, 
with tho solution and exposed to tho air. The before it passes through tho .squeezing rollers, 
liberation of hypochlorous acid by tho carbonic The * rubbing ’ referred to is purpose 

acid of the air is advantageous, and the bleach of removing mechanically any remaining brown 
is more effective and regular. particles of ligneous .matter termed * sprits.’ It 

The application of acetic acid, as proposed consists in passing the chain of cloth through a 
by Lunge, instead of this exposure to air, may solution of soap, and then immediately botween 
here be strongly recommended, since then no m- a pair of horizontal, corrugated, heavy boards ; 
soluble lime salt is fixed on tho fibre, anc?tho sub- j the upper board rests loosely upon the lower 
sequent souring is reduced to a minimum. one, and moves lengthwise to and fro, while the 

To avoid the presenoe of 4 Mrust : $ lime, some, pieces pass between thorn at right angles, 
bleachers use hypochlorite of magnesia, as pro- The operation of ‘ turn-hanking * consists in 
posed by Hodge, instead of bleaching powder. , disentangling tho pioces aftor they have been 
Linen-cloth bleaching. The old method of washed in the stocks, and then refolding them 
bleaching linen cloth consisted in alternately for a further wash, thus ensuiing a thorough 
boiling the fabrio with solutions of sodium car- cleansing of every portion of the cloth. When 
bonate and exposing on tho grass, sucoeeded by slack-washing machines aro employed, tho 
souring, and rubbing with solutions of soap, operation is of Course not necessary. 

The modem method, adapted from that em- The chemistry of linen bleaching is essenti- 
ployed for calico, is givon in the following ally the same as that of bleaching cotton. The 
risumi. It is intended for 1500 kilos. Mown pectio aoid, fatty matters, &c., are rendered 
linen, using low-pra sure kiers.— soluble by tho alkaline boilings, and the colour- 

1 . Lime-boil. Boil 14 hburs with 125 kilos, ing matters still remaining aro oxidised and 

lime, 2000 litres water ; wash. destroyed by hypochlorites. The repetition •. 

2. Sour. Steep 2-6 hours in dilute hydro- of these operations is considered necessary by# 

chlorio acid, sp.gr. 1*0025; wash in reason of the largo percentage o£ impurities 

stocks, turn-hank , wash. i present; but it is very probable that good 

ft. Ley-boils. First, boil 8-10 hburs with | results would be obtained by adopting the more 

2000 litres water containing resin-soap;! rational plan of first removing the whole of the 
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pectio and fatty matters before applying the j 
hypochlorites. ,, 

A piooess of boiling linen goods preparatory 
to the bleaching has been patented by Cross and 
l^arkes. The pieces are first impregnated with 
a solution of soap, silicate of soda, caustic soda, 
and mineral oil. They are then wound on a 
batching roller in a chamber containing steam, 
and afterwards steamed for some hour£ This 
ia followed by boiling with a solution of silicate 
of soda or of soda ash. Tho goods are finally 
washed; thoy are now ready for tho first ‘ dip.’ 

Wool scouring and bleaching. The bleaching 
of wool never forms a separate industry, as in the 
case of cotton and linon, and, although in itself 
of minor importance, it is necessarily preceded 
by the operation of ‘ scouring,’ which is of 
fundamental importance both to the woollen 
manufacturer and the dyer. 

In its natural condition tho wool fibre is 
contaminated with 15-80 p.c. of foreign matter, 
consisting partly of dirt, &c., derived from 
without, but mainly of certain fatty matters 
designated as ‘ yolk,’ secreted by the animal 
from which it is derived. This secretion is 
separable into two parts—J-ho one, ‘ wool-pcrspi- 
ration,’ is soluble in water, and consists essenti¬ 
ally rf the potassium compounds of oleic and 


steari^f acids (potash Boapa), &o,; the other 
portion, termed * wool-fat,’ is insoluble in water, 
andrsXomposed of cholesterol and iso-oholeste- 
rol, A/nich exists partly in the free state, but 
chiefly in combination with oleic aoid and other 
fatty acids. 

Loose-wool scouring. The object of scouring 
wool is to remove from it the yolk, <fcc., and thus 
render it more suitable for spinning, dyeing, or 
bleaching. Two methods of effecting it may be 
employed. The one generally adopted is to treat 
the wool with dilute alkaline solutions capable 
of forming emulsions with the yolk; the other 
mode is to submit tho wool to the successive 
action of fat solvents, carbon disulphide, &o., 
and of water. 

Scouring with alkaline solutions. Whon 
I carried out in the most complete manner, this 
( method comprises the following operations :— 

1. Sleep several hours in tepid water. 

2. Scour 15-30 minutes with dilute alkaline 

solutions (soap, sodium carbonate, &c.) 
• at about 50° C. 

3. Wash with wal or. 

] The steeping is performed in a series of largo 
| iron tanks, m which the wool iB systematically 
1 washed or rather steeped in water heated to 
45° C., until it is deprived of soluble matter. As 



a rule, two or thiee steeps with fresh water are | 
found sufficient; but it is customary to pass the 
wash-water through several lots of wool until it 1 
becomes \aelkiaturated with ‘ wool-perspiration.’ 
It is particularly advantageous in the case of 
wools rich in yolk ( c.g . Buenos Ayres wool, &c.), 
sinoe it provonts too rapid soiling of the scouring 
bath and consequent staining of tho wool, and 
thus it tends to ensure more complete scouring. 
By evaporating the waste steoping liquors to 
dryness, and calcining the residue, a good quality 
of potassium carbonate, containing very little 
sodium salts and suitable for glass manufac¬ 
turers, is obtained. 

The scouring and washing of the wool in 
order to remove tho remaining ‘ wool-fat ’ is best 
performed by the aid of so-calicd wool-scouring 
machines, one of which (J. & W. McNaught’s) 
is shown in Fig. 11. 

It consists of a large rectangular trough, a, 
with a light frame, b, suspended over it by chains 
and carrying a series of transverse, fixed, vertical 
rakes or oombs, c. 

The wool, either in its raw condition or after 
•steepmg, is spread evenly on the moving endless 
%aprpa or feeder D; it is thus continuously 
introduced at one end of the trough. 

By suitable mechanism the frame is lowered, 
and the wool is at once pressed beneath the sur¬ 
face of the Bcouring liquor by the perforated tray 


or sieve e When the frame is sufficiently 
lowered, it moves forward, the rakes gently oany- 
mg the wool towards the other end of tho trough. 
Wlion tho forward stroke is completed, the framo 
is lifted up, the rakes rise vertically out of the 
liquid, and the frame returns to its original 
position. By these successive movements the 
wool is slowly passed through the scouring liquor. 
At the delivery end it is oarried up the inclined 
plane f Ey tho rakes fixed on the small frame o, 
which is hinged to the larger one. Having been 
pushed ovep, the* ridge, the wool slips down 
between the squeezing rollers H, h, ready to be 
passed through a second similar machine. 

The working of the machine as above de¬ 
scribed, is suitable for Botany and other fine 
classes of wool. When washing low Cape, River 
Plate, and similar wools, which contain much 
dirt and sand, an additional movement is given 
to tho rakes while in the liquor. This is effected 
by having the rakes fixed m a seoond frame, 00, 
whioli receives a slight backward-and-forward 
movement by moans of the rod o and tho oam X 
during the inward movement of.the main frame 
bb, to which it is attached. By this means the 
wool is slightly opened out and agitated, and the 
sand and dirt fall through the perforated grating 
ll. When the scouring liquor becomes too 
soiled for 'further use, ‘the steam injectors MM 
are brought into action in order to stir up all 
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sediment, and the dirty liquor is run off% the 
plug-hole n. I 

For a complete arrangement there sh^uM be 
at least three suoh machines placed in line, so 
that the wool passes automatically from one 
to the other. The first contains more or loss 
soiled scouring liquid which has been previously 
used in the second trough ; the second contains 
fresh scouring liquid; and the third a continual 
flow of clean, cold, or preferably tepid water. 

The choioe of scouring agents depends upon 
the character and quality of the wool. For 
fine lustrous wools and such as are poor in 
yolk, a > mild scouring agent should bo selected, e.g. 
soap, ammonia, ammonium carbonate, ‘lant,* 
&c., that is to say, agents which^are capable of 
removing the yolk with the least injury to the 
fibre. The best soaps to use are those which 
are most soluble and least likely to contain any j 
trace of oaustio or carbonated potash or soda. 
Should these injurious constituents be present, 
the soap solution may be ^le-alkalised by tho 
addition of a small quantity of boracic (feid cr 
ammonium chloride, thus yielding the less in¬ 
jurious alkali borates and ammonia, respectively. 

Potash soaps, being very apt to contain excess 
of alkali, should be critically examined. An 
excellent and very soluble soap may bo readily 
made from oleic acid and caustic soda. 

Although a perfectly neutral soap does not 
always eSect a rapid and complete removal of 
yolk, still it is better to adopt it, since one can 
always add the proper quantity of othor agents, 
e.g. sodium carbonate, ammonia, &c., when 
necessarv. 

For low-class wools containing a large pro¬ 
portion of yolk, and when cheapness is a desi¬ 
deratum, sufficiently satisfactory results are 
obtained by the proper use of sodium carbonate 
free from caustic soda or other injurious im¬ 
purity. Suitable sodium carbonates are sold 
under such commercial names as refined soda 
ash, Solvay soda, concentrated crystal Boda 
(Brunner, Mond, & Co.), crystal carbonate 
(Gaskell, Deacon, & Co.), &c. 

It is impossible to give precise data with 
respect to tho concentration and temperature of 
the scouring solution to be employed, since 
these vary somewhat according to the character 
of the wool operated upon. If the best results 
are to be obtained, the solutions must^lways be 
Applied as dilute and at as low a temperature 
(not above 60° 0.) as is consistent with the com - 
plete removal of the yolk. ** % 

« Tho waste scouring liauors are collected m 
large tanks and neutralised with sulphuric aoid ; 
the liberated fatty acids are sold to oil refiners, 
who by distillation obtain purer products, 
suitable for making soap. 

Scouring with volatile liquids. This method 
is Still only in an experimental stage. Mechani¬ 
cal difficulties, the fear of fire and explosions, the 
first oost of the scouring agent, &o., seem to have 
prevented the general adoption of this process. 
Its advantages are that the wool-fat is i^ore 
completely removed than by the emulsion 
method, and the wool itself is not injured. A 
certain degree of success has been obtained by 
tho method proposed by T. J. Mullings, and 
tried on a large scale. It consists in submitting 
the wool to the actioh of carbon disulphide 
in a closed centrifugal maohine until the whole 


of the wool-fat is dissolved, then expelling the 
solvent 3 by means of water, aryl not aB heretofore 
by heat or steam, which always leaves the wool 
with a yellow colour. Tho wool must afterwards 
be washed in warm water to remove wooj- 
perspiration and other impuritios. The wool 
cleansed in this manner is said to be stronger, 
capable of spinning finer yarn 0 and with lees 
waste and at loss cost than if secured by the 
ordinary method with soap. 

The same principle is adopted in the process 
of Singer & Judell of Adelaide, who employ, 
however, a more elaborate and more perfect 
apparatus, whoreby tho scouring is made con¬ 
tinuous. The raw wool is placed on a feeding 
apron and carried along between two broaa 
endless bands of wire gauze, first through a 
succession of fourteen tanks containing carbon 
disulphide and then through five containing 
water, all suitably enclosed. Tho wool, still nold 
between the wire gauze bands, then passes 
between hot rollers in a steam-heated drying 
chamber and emergos in a scohred, washed, and 
dried condition. Arrangements for automati¬ 
cally collecting the dirt which settles from the 
carbon disulphide,, foy separating the latter from 
the water, distilling and returning it to the 
scouring tanks with the least possible loss, are 
all provided for by ingonious devices, and tho 
general arrangement scorns eminently typical of 
the method of scouring wool to be adopted in the 
future. It is said to have been workod with 
success in Australia. 

Woollen-yarn scouring. Tho object of scour¬ 
ing woollen yam is to remove the oil with whioh 
wool has been impregnated by the spinner. 
Precisely the same agents aro used as for loose 
wool, but the machinery employed is necessarily 
different. 

Those yams which have a tendency to curl 
up because they have been highly twisted are 
submitted to the preliminary operation of 
* stretching *; it also prevents them from shrink¬ 
ing during the subsequent scouring process. 

The hanks of yam are* suspended on the 
arms of a strong iron frame and tightly stretched 
by means of screws. Thus charged, the frame is 
immersed in boiling water for a few minutes. 
After changing the position of the hanks on the 
arms, the operation is repeated, the yam is 
allowed to cool in the stretched condition, and 
is then removed ready for scouring. 

The scouring of yam is effected either by 
.hand or by machine. In the first case the 
I hanks of yam are suspended on wooden rods 
| placed across a rectangular steam-heated tank 
I containing the scouring liquor. During a period 
of 15 to 20 minutes the rods are swayed to and 



fro by hand, one by one, each hank being 
frequently turned in order to expose every por- 
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tion to the aotion of the liquor. The yam is | in exposing the sooured and washed woollen 
washed in anoth^ tank in the same manner. i mater |d, while still wet, to the aotion of sulphur 

Yana-scouring machines are to be* met with dioficje in a brick ohamber. Yam or thick 
in several forms. A very effective one consists j cloth is suspended on poles, the sulphur (6-8 
pf a rectangular tank, o, having several rollers ! p.c. on the weight of wool) contained in an iron 
above and below, arid a pair of squeezing rollers, : pot is ignited, the chamber door is closed, and 
a, b, situated at one end. The hanks of yarn, 
linked togethe'r by means of string locjps, are 
passed contfhuously through the scouring liquor, 
and are then washed in a similar machine 
(aee Fig. 12). 

Woollen-cloth scouring. Woollen cloth is 
also scoured for the purpose of removing the oil 
with which the yarn is impregnated by the 
spinner. The operation consists in passing the 
cloth as an endless band, either intho strand form 
or in thq open width, through the scouring liquor 
and then through a pair of squeezing rollers. 

f For thick woollen cloths, flannels, &c., scour¬ 
ing in the strand is preferred, since a cortain 
amount of felting takes place and the .cloth 
acquires a better handle. For worsted goods 
and such as are liable to crease, scouring in the 
open width is preferable. 

Fig. 13 shows a section of E. JKempo’s 
machine for this purpose* It consists of two 



squeezing ^rffifiers, a and b, placed above the 
wooden trough c containing the scouring liquor. 
The roller d serves to dratf the cloth from the 
squeezing rollers, and causes it to fall in regular 
folds upon the inclined plane ke. This is 
covered with corrugated zinc, the grooves of 
which run longitudinally, in order to reduce the 
friction of the cloth, and to prevent the latter 
from moving to either side. The upper part of 
the inclined plane is hinged at f, so that the 
inclination of this part can be regulated to suit 
different qualities of cloth, and to ensuro that it 
always Blips down in regular folds without any 
tendency to fall over or become blocked. The 
perforated water-pipes g, g are for the purpose of 
hashing the oloth after scouring. 

Bleaching of wool. After scouring, the wool 
still possesses a faint yellow tint, to remove which 
is the object of the bleaching proper. The agent 
almost universally employed is sulphur dioxide, 
eitheifein the form of gas (gas-bleaohing) or in 
Vlution (liquid-bleaching). With hydrogen per- 
T>xid* a more permanent white is obtained, but 
it is still toe expensive to admit of extended 
application, but it Berves as an excellent bleach¬ 
ing agent for certain fine materials, 

Gu-bleaching, staving, or sulphuring, consists 


the material is then left exposed to the action 
of the gas for six or eight hours, or even over¬ 
night. Thin cloth is generally passed in a con¬ 
tinuous manner through a similar chamber pro¬ 
vided with rollers above and below. The cloth 
in the open width enters through a narrow slit 
at one end of the chamber; it parses in a zig¬ 
zag course under and over the rollers*to the 
further end, then returns and passes out by the 
same slit. The sulphur dioxide is prepared in 
the stove itself, or it is produced in a separate 
furnace and led beneath the perforated floor of 
the chamber. According to the appoarance of 
the fabric, it is passed through the bleaching 
chamber once or several times. Fig. 14 gives a 
sectional view of* the sulphur stove for the 
contihuous bleaching of cloth. 

In liquid-bleaching the woollen material 
is immersed and moved about for several hours 
in a solution of sulphurous acid, or in one con¬ 
taining sodium bisulphite, and acidified with 
sulphuric acid. One may also steep the wool, 
first in a solution of sodium bisulphite and then 
in dilute sulphuric acid, and repeat the opera¬ 
tions as often as may bo necessary. The liquid- 
bleaching process has not met with that general 
acceptance to which it seems entitled. 

After bleaching, the materials are well washed 
and tinted blue or bluish-violet, e.g. with refined 
mdigo, indigo-extract, aniline-blue, methyl 
violet, &c., m order to counteract the yellowish 
tint which is so liable to return. 

The bleaching action of sulphurous acid is 
most probably .duo to its reducing properties. 
According to this view, the sulphurous acid takes 
up oxygon from the water present, while the 
liberated hydrogen combines with the colouring 
matter of the wool to form a colourless leuco- 
compound. Another explanation, however, is 
that a colourless sulphurous acid compound is 
formed. Frequent washing of the wool with 
alkaline solutions restores the yellow colour. 
It seems evident, however, that the yellowing 
influence of alkalis is largely due to their further 
action uj>on the wool substance itself since they 
cause the wool eventually to become yellower 
' than it was before bleaohing. 

Bleaching witlf hydrogen peroxide is effeoted 
by steeping the wool for several hours in more«,or 
less dilute solutions of this liquid, made slightly 
alkaline by the addition of ammonia. The 
simultaneous action of light accelerates and 
improves the bleaohing. The white is very good 
and permanent, probably because, in this case, 
the colouring matter is destroyed by oxidation. - 
Excessive bleaching by this method gives the 
wool a harsh feel. Lunge recommends a Blight 
treatment with hydrogen peroxide of sulphur- 
bleached wool in order to oxidise and thus 
render innocuous traces of sulphurous aoid not 
removed by washing. A very dilute solution of 
sodium hypochlorite and exposure to air will 
effect the same purpose. 

Bleaching of wool with hydrosulphite of soda 
has been suggested by F. V. Kallab. It is 
prepared by adding sine powder to a solution 
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oi bisulphite of Boda. The lino is preoip'itated | 
by adding milk of lime. \ 

Silk scouring and bleaching. The ra^Bilk 

fibre consists essentially of two substances, 
fibrotine and sericine. The former constitutes 
the central portion of the fibre, and may be re¬ 
garded as the fibre proper, while the latter resides 
principally in the external part and is readily 
removed by water and especially alkaline 
solutions. 

Raw silk is harsh, stiff, lustreless, and more 
or less unsuitable for dyeing, but when tko ex¬ 
ternal Bericine or silk-glue is removed it becomes 
soft and lustrous, and acquires an increased 
affinity for colouring matters. 

The object then of scouring is to remove the 
silk-glue from the raw silk. It is effected by the 
two operations, 1 stripping ’ and ‘ boiling-off * 

St/ripping or ungummiry. In order to re¬ 
move calcareous or other mineral matter Bolu ble 
in dilute acids, it is well first to rinse the silk in 
a tepid bath of dilute hydjochloric acid, and 
then wash. The hanks of silk are then hulm on 
smooth wooden rods and worked, as in woollon- 
yam scouring, in a soap-bath heated to about 
90 o -95° C. for about 20 minutes. A second and 
even a third bath may be used with advan¬ 
tage. Long working in one bath is not good, 
especially for silk intended to be white, since the 
silk (tibroine) is apt to attract some of the colour¬ 
ing matter at first removed along with the silk- 
glue, and it is afterwards very difficult to remove. 
With yellow silk this point must bo carefully 
attended to. * 

During the stripping operation the sericine 
at first swells up and makes the silk somewhat 
glutinous, but soon it dissolves off and leaves the 
fibre soft and lustrous? The waste soapy liquors, 
strongly impregnated with sericine, are care¬ 
fully preserved and find an important use m sill<- 
dyeing under the name of 1 boiled-off liquor .* 
When applying the coal-tar colours, it serves 
to retard their attraction by the silk, and 
thus ensures the production of even or level 
colours. 

After stripping the silk is rinsed in water 
containing a small proportion of soap and 
sodium carbouate. 

Boiling-off. The object of this operation 
is to complete 
the removal of 
the silk-glue and 
thus give the silk 
all the lustre and 
b*illianoy of 
which it is cap¬ 
able. The hanks 
of silk are tied 
up in coarse bags 
of cotton or 
hemp, generally 


Bleaching ot silk. The aotual bleaohing of 
silk is effected by exposing the«ooured silk, while 
Btill in tl& wet state, to the aotion of Sulphur 
dioxide gas. The operation is precisely similar 
to tho stoving of wool. • 

In certain cases, e.g. with so-called * souple * 
silk, tho stoving is preceded by a preliminary 
bleaching in aqua regia, diluted tp sp.gr. 1-02 
and heated to 20°-35° C. The silk is rinsed in 
this solution for 8-15 minutes until it aoquires 
a greenish-grey colour, and then at once washed 
well in cold water. A dilute solution of the 
so-called ‘chamber-crystals’ of the sulphurio 
acid manufacture may replace the aqua regia . 

The bleaching of silk with hydrogen peroxide 
is gradually being more and more adopted, 
especially for Tussur silk and other wild silks. 
Indeed, for these silks no other method of 
bleaching is so satisfactory. The silk ia stewed 
and worked in a dilute solution of hydrogon per¬ 
oxide, rendered slightly alkaline with ammonia 
or with silicate of soda or borax, until it is 
sufficiently bleached. A more rapid and 
offective method is to stoop tho silk in a some¬ 
what stronger solution, then wring out tho 
excess of liquid, and steam. The operations mav 
be repeated until the silk is sufficiently bloachod. 

Tinting of silk. Bleachod silk is finally tinted 
or dyed in delicate shades of bluo, purplish-blue, 
croam colour, &c. For pure white it is usual to 
dye the silk in a very dilute solution of a suitable 
coal-tar colour. After tinting, the sifk is slightly 
rinsed in water and dried in a moderately warm 
and darkoned stove. J. HiL 

BLEACHING POWDER v. Chlortnk. 

BLENAL. Carbonic acid ester of santalol 



hemp, generally T'k ^" 

called ‘pockets,* : v\ 


copper 

The silk is then well rinsed in a weak 


and these are 
boiled for one to 
three hours in 
open 
boilers. 

tepid solution of carbonate of soda, and finally 
in cold water. 

During the operations above # described, 
Japanese and Chinese silks lose 18-22 p.o. in 
weight, European silks lose 25-30 p.o. 


Fig. 14. 

• • 

BLENDE, from Blenden , Ger., to dazzlea, 
Native zinc sulphide. It usually contains iron 
sulphide which gives it a black oMour, whence 
the name Black Jack applied to it. An im¬ 
portant ore of zinc. The sulphur it contains ia 
occasionally utilised in the manufacture of sul- 
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phurio acid. (For descriptions of burners for 
this purpose, v. ,T. Soc. Chom. Ind. 3,631; 4, 
84.) 1. Zinc-blende. 1 

BLEU DIRECT or DDPHENYLAMINE BLUE 

}!. Triphenylmethane coloubino mattesj. 

BLEU FLUORESCENT C ls H s Br 8 N s O,(NH ( ). 
A colouring matter obtained by Weselsky and 
Benedikt in 3880 by troating diazopcsoruiin 
dissolved iA potassium carbonate with bromine 
and precipitating by an acid. Soluble in boiling 
water with a red-violet colour, giving a fluor¬ 
escent green solution. Dyes silk and wool blue 
with brownish fluorescence (Weselsky and 
Benedikt, Monatsh. 5, HOC; Bcr. 1885, 18 • 
Ref. 76). 

BLEU DE GARANCE. Artilicial ultra- 
marine, (v. Ultbamarine; Rkiments). 

BLEU LUMIERE v. TriPIIEN YLMETJ1ANE 

Cd*aOURING MATTERS. 

BLEU DE LYON, BLEU DE NUIT, BLEU 
DE PARIS v. Triphenylmethane colouring 

MATTERS. , 

BLEU MARIN v. Triphenylmethane 


BLEU MARIN v. Triphenylmethane 

COLOURING MATTERS. 

BLEU DE SAXE v. Cobalt. 

BLEU SOLUBLE r." Triphenylmethane 
colouring matters. 

BLIND-COAL. A Scotch term for anthra¬ 
cite. 

BLISTER STEEL v. Iron. 

BLOCK FUEL v. Fuel; also Pitch. 

BLOCK TIN v. Tin. 


i G. T. Prior’s analysis (1899) to contain more 
colprf bium with less .titanium, he proposed the 
name priorite. These isomorphous minerals, 
blomstrandine and priorite, are respectively 
dimorphous with polycrase and euxenite; the 
four minerals euxenite-pOlycrase and priorite- 
blomstrandme thus forming an isodimorphous 
series. 

The name blomstrandine is not to be con- 
i fused with the earlier name blomdranditc 
] (of G. Lmdstrom, 1874), which was applied to 
an uncrystallised hydrated titano-cofumbate 
and tantalate of uranium with some calcium and 
; iron, from a felspar quarry at Nohl, in Sweden 
(e. Bktahte). L. J. S 5 

BLOOD is a richly albuminous fluid which 
holds in suspension largo numbers of corpuscles. 
The fluid modium in which the corpuscles float 
is called the plasma, or liquor sanguinis. In 
round figures, the plasma contains about 10 p.c. 
of solids, of which proteins comprise 8 , extrac¬ 
tive^ 1 , and inorganic salts (tho principal one 
being sodium chloride) the remaining 1. The 
proteins aro all coagulable by heat, and are 
named serum albumin, serum globulin, and 
fibrinogen. Tho last-named is the least abun¬ 
dant (0*4 p.c.), but confers upon the blood its 
characteristic power to clot or coagulate when 
it is shod. When shed, tho blood rapidly 
becomes viscous, and then sets into a jelly ; the 
jelly contracts and squeezes out of the clot a 
straw-coloured fluid called serum, in which tho 


BLOEDITE. A hydrated double sulphate shrunken clot then floats. The formation of 
of magnesium and sodium, Na,,Mg(S0 4 ) 2 -4H,,0, threads of a solid protom called fibrin from 
forming water-clear monoclinic crystals, often of fibrinogen is tho essential act in coagulation ; 
largo size and beautifully developed. They are this with the corpuscles it ontangles constitutes 
found in the salt mines of Stassfurt and in the clot, and serum is plasma minus tho fibrin 
Austria, and in tho Punjab Salt Range, India, which it yields. The following scheme shows 
Crystals 161 cm. in length have been found in the rclatiomhips of the constituents of the 
the black mud beneath a crust of sodium sub blood at a glance :— 
phate on Boda Lake, Nan Luis Obispo Co., (plasma/ se ™ m 

California. Simonyite and astrakamte (from Blood ! 1 fibrin 1 

salt lakes near Astrakan) are synonyms. 'corpuscles / 

L. J. S. In round figures, tho blood contains 60-05 p.c. 

BLOIiSIRANDINE. A rare-earth mineral of plasma, and 35-40 p.c. of corpuscles. The 
consisting oi a titano-columbate of yttrium- corpuscles aro of throe kinds, the red corpuscles 
metals, thorium, uraniuqj, &c., occurring as or erythrocytes, tho white or colourless cor* 
orthorhombic crystals in pegmatite veins at puscles or leucocytes, and some very small 
several localities in southern Norway. The particles also colourless, which are oaUed the 
large crystals of tabular habit are found in the blood-platelets. , 

felspar quarries, and those from the island of The Subject of blood clotting has been the 
Hittero are well known in collections. They* battlefield of numerous opposing theories, but 
are brown on the surface, but on a fresh con- the view nowgen^p.Uy held is that the conversion 
choidal fracture the colour is black with a bright of fibrinogen into fibrin is due to the action of 
pitchy lustre. Tho mineral is optically iso- an enzyme called thrombin or fibrin-fermeSt. 
tropic, owing to alteration by hydration. This agent takes origin from the platelets and 
3p.gr. 4*82-4*93. These crystals were pro- white corpuscles - ; it is first shed out from them 
pisionally referred by W. C. Brogger in 1879 to m an inactive form called thrombogen; throm- 
seschynite (q.v.), an allied species differing bogen is converted into the active enzyme 
mainly in containing cerium-metals in place thrombin by the combined action of the calcium 
of yttrium-metals. More recently, Brogger salts of the plasma and of an activating agent 
[Die Mineralien der siidnorwegischen Granifc- termed thrombokinase, which originates from 
Pegmatitgange, Videnskabs-Selskabets Skrifter, the veils of the blood itself and of the other 
Krctiania, 1906) has given a detailed descrip- tissues of the body. 

bioh of this material, and he gives several other * The transformation of fibrinogen into fibrin 
Norwegian localities for the mineral, namely, has been regarded as a chemical change. But 
oea| Arendal and in Stetersdal. He interprets the recent work of Hekma (Biochem. Zeitsch. 
the* complex composition as an isomorphous 1916, lxxiii. and lxxiv.) and of Howell (Amet J. 
mixture iif varying proportions of a meta- Physiol. 1916, 40) shows that the change is 
oolumbate with a metatitanafce ; and for probably t, physical oiw. Fibrinogen is the sol, 
another member of the same series from the and fibrin the gelphase of the protein. Fibrin 
tin ^gravels of Swaziland, Transvaal, shown by is first deposited as ultramicrosoopic particles 
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(micron*), then fine needle-like crystals appear; 
these bv agglutinating together ultimately lead 
to the formation of typical fibrin threads. • 

The white or colourless corpuscles are typical 
nucleated animal cells which have been differ¬ 
entiated into varieties by their staining re¬ 
actions, the number of their nuclei, and their 
seat of origin (lymphoid tissue, and red bone 
marrow). Their most important property is 
their power of amceboid movement, by which 
they ingest and subsequently digest foreign 
partioles. They act in this way as scavengers 
(phagocytes), and thus confer protection against 
pathogenio organisms (bacteria, &c.). 

The red corpuscles are much more numerous 
than the white, averaging in man 5,000,000 per 
cubic millimetre, or 400-500 red to each white 
corpuscle. It is these which give the red colour 
to the blood. Thoy vary in size and structure 
in different groups of the vertebrates. In 
mammals they are biconcavo (except in the 
camel tribe, where they fire biconvex) non- 
nucleated discs, in man ^5 inch in diaflnetcr ; 
during foetal life nucleated red corpuscles arc, 
however, found. In birds, reptiles, amphibia, 
and fishes, they are biconvex oval discs with a 
nucleus; they are largest among the amphi¬ 
bians. Their most important and abundant 
constituent is the pigment haemoglobin. In 
invertebrates this respiratory pigment is usually 
absent, and when prosent is, with few exceptions, 
in solution in the plasma and not in special 
corpuscles. In other invertebrates its place is 
taken by other respiratory pigments, for 
instance, by the green pigment which contains 
iron and is called chlorocruorin (in certain worms), 
or by the blue pigment which contains copper 
and is termed hianocyanin (in certain crus¬ 
taceans and molluscs). The va^t majority of 
invertebrates have colourless blood containing 
only colourless corpuscles. Haemoglobin con¬ 
tains 0-4 p.o. of iron; it and certain of its 
derivatives give characteristic absorption spectra 
whioh form one of the beat tests for blood. It 
is termed a conjugated protein, consisting of a 
protein (globin) in combination with the iron 
containing material termed hamatin 
(O,,H a 0 N 1 FeO,) 

Haemoglobin is orystallisable, but heematin 
has not yet been obtained in crystalline form. 
By boding dried blood with a lit^e sodium 
chl oride and glacial acetic acid, the character¬ 
istic brown crystals of haematin hydrochloride 
or hfflmin are readily obtained, Jfcid this is tho 
best chemical tost for blood ; it can be performed 
quite readily on a microsoope slide. By treat¬ 
ment with acid, an iron-free derivative of ha- 
matin is obtained called hamatoporphyrin, and 
in the body certain iron-free derivatives some¬ 
what similar to hamatoporphyrin are formed; 
these constitute the pigments of the bile. By 
the reduction of hamatoporphyrin, hamo- 
pyrrol (a mixture of pyrrol derivatives) is 
obtained, and the same substances are ob¬ 
tained also from phyltyporphyrin, a deriva¬ 
tive of chlorophyll; this is an interesting fact, 
as it indicates a neat relationship between the 
principal pigments of the animal and vegetable 
worlds. 

During life the blood is in content move¬ 
ment (circulation), ana it is owing to this cir¬ 
cumstance that it supplies the tissues with both 


nutriment and oxygen. The products of pro¬ 
tein an£ carbohydrate dige^ion pass direotJly 
from the alimentary canal into the blood*vessels; 
the fat reaches the blood indirectly by the 
lymph-stream. The blood, however, does not, 
except in the spleen, actually bathe the tissue • 
elements; the middle-man between blood and 
tissues is a fluid called lymph, which exudes from 
the bldod through the thin walls of*tho capillary 
blood-vessels. The lymph thus supplies the 
tissues with material for their repair or for 
storage; it also removes from the tissues the 
waste products of their activity; it is collected 
by lymphatic vessels, which converge to the 
main lymphatic channel called the thoracio duct. 
This opens into tho large veins near to their 
entrance into tho heart, and thus the Jymph is 
returned to the blood, and the waste products 
are then conveyed to the various organs (lupgs, 
kidneys, skin) by which they are discharged 
from the. body. 

The function of blood as an oxygen carrier 
is dependent on the presence of haemoglobin. 
Oxygen passes by diffusion into the blood of 
tho lungs, and is then seized by tho pigment, 
with which it form# a loose compound called 
oxyhemoglobin ; this bright - sod arterial or 
oxygenated blood passes to the heart, rfmd is 
thence propelled by the artories all over the 
body ; in the tissues, whero the oxygen tension 
is very low, oxyhemoglobin is dissociated, and 
the oxygen passes into tho plasma, and again 
reaches the actual tissue elements vid the lymph. 
The reduction of oxyhemoglobin changes the 
colour of tho blood to the darker tint which it 
has in the veins, by which vessels it is oarried 
back to tho heart and sent to the lungs for a 
fresh supply of oxygen. The venous blood is 
also rich in carbonic acid, which finds an exit 
from the blood in tho lungs into the expired 
air. It should be noted tnat haemoglobin is 
not the exclusive carrier o! carbon dioxide; the 
other proteins act similarly, but the gas is 
carried mainly as carbonates in the blood- 
plasma. * • 

The amount of respiratory ovygen carried by 
the blood pigment is 1*34 c.c. oxygen per 
gram of haemoglobin. This can be replaoed 
by equivalent amounts of such gases as carbon 
monoxide or nitric oxide. These compounds 
are more stable than oxyhaemoglobin, and the 
gas is not removable by the tissues; hence in 
ooal-gas poisoning the colour of the blood is 
equally bright in arteries and veins, and the 
cause of death is oxygen starvation. 

The foregoing outline of the composition and 
uses of the blood from the physiological point 
of view can be amplified by the study of any 
standard textbook of physiology or physiological 
chemistry. 

Passing now to the technical and commercial 
aspect of the case, the uses of the blood come 
mainly under four headings: ( 1 ) as food; ( 2 ) as 
manure; (3) as a clarifying agent; and (4) as a 
drug. 

(1) As food. Blood as such is onlygised as 
food by savages, and attempts have been m&£e 
to utilise dried defibrinated blood as a com¬ 
mercial food product without anp great suooess. 
It, however, forms an important constituent of 
oertain articles of diet, of which Black pudding 
and the German Blutwurat (Blood sausage) are 



618 


BLOOD. - 


tj\e best known. In the preparation of these tasty or removing something from them which 
pig’s blood is m?st commonly employed, and make* them distasteful; and * antitoxins * are 
they are of high nutritive value. 1 (For the subktynces which neutralise the poisons or toxins 
composition of various kinds of Blutwurst, see which are produoed by the bacteria. There is 
&onig, Chemie cL. menschl, Nahrungs und very littlo accurate chemical knowledge of the 
Gonussmittel, Berlin, 1904, 525; Pott. Handb. composition of these various materials ; they 
d. Tier-Ernahrung, iii. 513, 1909; E. Schmidt, are, however, as a rule, destroyed by a high 
Lehrb. d. pharm. Chcm. ii. 2, 1833, 190}.) temperature, and aro probably protoin-like in 

(2) As manure. Dried blood, the so-called nature. The amount of these substances in the 

Blood-meal (Blutmehl), is extensively used as blood may be increased by certain stimuli, muoh 
manure, and may be placed directly on the land, in the same way as the epidermis becomes thiok- 
or, more frequently, is mixed with superphos- ened as the result of manual labour. The 
phates. It is a brown powder with a glue-like administration, for instance, of small doses of 
smell, and must bo kopt in dry places to avoid the toxin will produce an excessive production 
putrofaction. It is valuable on account of its of the antitoxin which specifically neutralises 
high percentage of nitrogen (11*8) and of -the poison. Substances which in this way 
phosphq»*us (1*2 p.c.). Numerous patent ma- stimulate the production of these natural anti- 
nures contain a certain proportion of blood, dotes are spoken of in general terms as antigens, 
(F<y details, see Konig, l.c. 496 ; Merck’s War on- If the bacilli which produce diphtheria are 
Lexicon, 5th ed. art.‘Blut.’) grown in a suitable medium, they produce 

(3) As a clarifying agent. Blood is employed the diphtheria toxin much in the same way as 

in the same way % as milk, gelatin, and albumin yeast will produca alcohol when grown in a 
are, as a clarifying agent for wines, syrups, and solution of sugar. If a certain small dose of 
similar liquids, in the proportion of 150-200 c.c. this poison is injected into an animal, it will 
of blood per litre. The clearing action is due to produco death, and that is called the lethal 
the proteins present, but t.scd in this way there dose. But if the animal receives a smaller dose, 
is oonsiderable'dangor of infection, as also is the j it will recover ; a few days later it will stand a 
case for milk. Dried blood or tho dried blood-' larger dose and recover more quickly ; this is 
albumin is therefore preferable. Blood-albumin ■ continued until after many successively increas- 
is prepared from the scrum drained off from the uig doses, it will finally withstand without ill 
clot; the product is really dried serum, as the effects an amount equal to many lethal doses, 
proteins arfc mixed with the other constituents The animal is now immune against diphtheria, 
of that fluid, and the word * albumin * is used as for the administration of the toxin (or antigen) 
Byuonymous with * protein , 1 and not in the correct has called forth an excessive production of 
chemical sense. It has the advantage of being antitoxin, and the blood remains rich in anti- 
considerably cheaper than egg-albumin, for the toxin for a considerable but variable time; the 
total blood of an ox will yield 750-800 grams scrum obtained from the blood of the immunised 
of the dried product, a good-sized calf will yield animal is then employed for injecting into other 
340-400 grams, and a sheep about 200 grama animals or hr man beings suffering from diph- 
{sec Merck, l.c. art* * Blutalbumin ’). theria, and rapidly euros the disease. The horse 

(4) The therapeutic uses of blood and serum, is the animal selected for the preparation of 
The high nutritive value of blood makes it a antitoxin, and tho success of the new treatment 
valuable drug in the treatment of ansemia, and in reducing the death-rate from what used to 
oertain patent medicines sold under the name be considered a terrible disease is one of tho 
of heematogen consist very largely of blood wonders of modem medicine. 

mixed witff suitable flavouring and preservative (5) Miscellaneous uses of blood. Blood is, or 
agents. A still larger practical use of blood has been, employed in a number of industrial 
produote (serum therapy) has been the outcome processes, but it will be sufficient here just to 
of work on immunity, in which tho names of enumerate a few of them ; thus it has been used 
RioBet, Ehrlich, Behring, and Roux may he as a medium for paints (Johnson, Eng. Pat. 82, 
mentioned as those of pioneers. Those inte- 1883), in the preparation of adhesive cements, as 
rested in problems of immunity should consult a preoipitant of sewago in the alum, blood, and 
current handbooks of pathology. The following clay process, and in the manufacture of pure 
doos not pretend to do more than give a sketch animal charcfkl. m 

of the main facts, and tho example selected of Tests for blood. It is often necessary, Jh 
the usefulness of the method is that in which medico-legal practice, to be able to identify 
serum therapy has been the most successful, blood-stains on garments and instruments. If 
namely, the treatment of diphtheria. The the blood is fresh, a microscopio investigation 
animal body is protected against its foes by a reveals the presence of corpuscles, and an 
variety of mechanisms, and against our micro- aqueous extract will show the typical absorption 
sc’opic (bacterial) enemies the most potent of bands of haemoglobin with the spectroscope, 
these is the action of colourless blood corpuscles The best chemical test is the formation of 
(phagocytosis). This, however, is assisted in hsemiq, crystals already described, and is given 
certain cases by the presence in the fluid part by quito small quantities. of blood, even if it is 
of th6 blood of chemical substances which have oM#and dry. When ^he Slood is dry, and small 

S a variety of names; for instance, * baote- quantities only are present, the most delioate 
* are substances which actually kill spectroscopic test consists in dissolving it in 
; * agglutinins ’ are substances which dilute potash with the aid of heat, and then 
(flump the bicteria together and render them ; adding a drop of a reducing agent such as 
immobile f ‘ opsonins * are substances which ammonium, sulphide; e the two absorption 
render baoteria an easy prey to leucocytes, either bands of reduced hsematin are then seen, one 
by adding something to them to make them ! about half-way between the D and E lines, 
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and the other just on the blue side of the E 
line. k 

Human blood can only be distinguished #ith 
certainty from the blood of other animals by 
the so-called ‘ biological reaction.* The injection 
in successive doses of blood of another species 
into an animal acts as an antigen, and causes the 
development in the blood of the injected animal, 
of a specific ‘ precipitin *; the addition of the 
blood to the serum of the animal which furnished 
the injected blood causes a precipitate; and 
such a preoipitate does not form except between 
the blood of the two species of animal used in 
the experiment. This has been applied to the 
case of human blood, by taking a rabbit and 
injecting human blood into it. The serum of 
this rabbit will then give a precipitato with the 
blood of man (and to a less extent of the higher 
apes), and with the blood of no other species of! 
animal. The test is extraordinarily delioate , 1 
and will detect human blood that has been dried 
for months, and even when i$> is mixed with the 
blood of other animals. W. D.'H. 

BLOODSTONE. A popular name for the 
mineral heliotrope, a variety of chalcedony 
(Si0 2 ), showing bright-red spots on a dark-green 
ground. It is much used for the engraving of 
ring-stones and seals. 

The same name has also been used for 


haematite (:Fe 2 0 8 ), being a translation of I mo matters. 
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BLUE, METHYL WATER BLUE, Soda salt 
of triphenyl-fi-rosanilinetnsulvhonic acid (v. 
TripheuVpmkthanh colourihq matter. 
BLUE, CERULEAN, v. Pigmehts. 

BLUE, CHINA, WATER BLUE 0 B 
EXTHA, OPAL BLUE, COTTON BLUE? 
MARINE BLUE, ti. Tbiphenylmetbane colour 

ING MATTERS. • 

BLUE, CHINESE, or PRUSSIAN BLUE v. 

Cyanides ; also Pigments. 

BLUE, COBALT, v. Cobalt ; also Pigments. 
BLUE, COTTON, v. Triphenylmbthane 

COLOURING MATTERS. 

BLUE, COUPIER’S, v. Indulineh. 

BLUE, CYANINE, «. Pigments. 

BLUE, DIPHENYLAMINE, BLEU DIRECT 

Triphenyl-0-rosaniline hydrochloride {v. Tri- 
PHENYLMETBANB COLOURING MATTERS).' 

BLUE-ETHYLENE v. Thioninb coi.oui^ig 
MATTERS. 

BLUE, FAST, MELDOLA’S BLUE, NEW 
BLUE, NAPHTHYLENE BLUE, Chloride of 
dimethylphenyl-ammonium-R-eettphihoxazine (ti. 

OXAZINE COLOURING MATTERS). 

BLUE, FLUORESCENT, v. Bleu fluores¬ 
cent. - , 

BLUE, GENTIAN, SPIRIT BLUE 0, OPAL 
BLUE, BLEU DE NUIT, BLEU LUM^RE, 
FINE BLUE, v. Tkiphenyi.methanb colour- 


aiV&rirjji, bo called because tho colour of the 
powdered mineral is like that of dried blood. 

1 L. J. S. 

BLOOM. A term given to a mass of 
iron after it leaves the puddling furnace (e. 
Iron). 

BLOOMERY. An old term for an iron 
furnace. * 

BLOWN OILS v. Oils and Fa^s. 

BLOWPIPE v. Analysis. 

BLUBBER OILS v. Oils and Fats. 

BLUE, ACETIN, Coupler’s line (v. Indu-| 
links). 

BLUE, ALIZARIN. This name is given to 
dioxyanthraquirume-quinoline C 17 H,N0,, and its 
sodium bisulphite compound 

C„H n N0 1 „S J Na > 

tv Alizarin and allied colouring matters). 

V ' blue, ALKALI, NICHOLSON’S BLUE or 
SOLUBLE BLUE v. Triphen ylmethan| colour- 

ING MATTERS. 

BLUE, ANILINE. GENTIAN BLUE, OPAL 
BLUE, NIGHT BLUE, LIGHT BLUE, or FINE 

BLUE v. Triphen ilmethane colouring mat¬ 
ters ; also Aniline blue. 

BLUE, ANTWERP, v. Pigments. 

BLUE AZ0-, v. Azo- colouring matters. 
BLUE, AZODIPHENYL, ACETIN BLUE, 
COUPIER’S BLUE, INDULIN, FAST BLUE R. 
C,.H„N,C1 (V. INDULINBS). . 

BLUE, BASLE. Tolyldmethylamtnopheno- 

tolyliminonaphthazonium chloride 0 la H|,N,Ci 

(tl. Azinbs and colouring matters derived 

from them). . * • 

BLUE, BAVARIAN, ». Tbiphbnylmethanb 

colouring matters. • 

BLUE, BENZIDINE, v. Azo- colouring 
matters. 

BLUE BLACK «. Azo- colouring matters. 
BLUE. BLACKLEY,* v. Indulinss. 

BLUE, BRILLIANT COTTON, METHYL 


BLUE, INDIAN, v. Pigments. 

BLUE, INTENSE, n. Pigments. * 

BLUE IRON-EARTH. An earthy blue 
variety of the mineral vivianne, a hydrated 
ferrous phosphate, Fe a I’ a 0 8 ,8H a 0, often found as 
a blue powder encrusting vegetable romains and 
bones in bog-iron ore, peat, and clays. L. J, S 
BLUE, LEITCH’S, t>. Pigments. 

BLUE, LIGHT, BLEU LUMIERE, LYONS 
BLUE, OPAL BLUE, BLEU ,DE NUIT v. Tbi- 

PHENYLMETHANB COLOURING MATTERS. 

BLUE, METHYLDIPHENYLAMINE 

CjjH 3 ,N,C1 

obtained in 1874 by Girar*i by the action of 
oxalic acid upon mcthyldiphenylasair.*. Or by 
the action of copper nitrate (Bardy and Dusart). 
Or with chloranil (Geigy). No longer made. 

BLUE, METHYLENE, v. Thioninb colour¬ 
ing MATTERS. 

BLUE, NEUTRAL, v. Azines and colour¬ 
ing MATTERS DERIVED FROM THEM. 

BLUE, NILE, V. Oxazine colouring mat¬ 
ters. 

BLUE, PARIS, v. Tbiphenylmbthanb 

COLOURING MATTERS. 

BLUE, PRUSSIAN, v. Cyanides; also Pig¬ 
ments, 

BLUE, QUINOLINE, v. Teipbenylmbthabb 

colouring matters. 

BLUE RED 1 ). Azo- colouring matters, 
BLUE, RESORCIN, or LACMOID C„H,NO, ? 
N (C,H,(OH) a 

probably |\C,H,|OH, a colouring matter ob¬ 
tained by Weselsky and Benedikt in l&SO, hj 
the action of sodium nitrite on resorcin. Blw 
violet powder soluble in watem Soluble in 
alcohol with blue oolour and dark-green fluores- 
eenoe. Used as an indioator in alkalimetry 
(*•*•> 
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BLUE, SAXON, v. Cobalt. 

BLUE, VICTpRIA, v. Tbiphinyi^bthahtk 

OOLOtHWKQ MATTERS. I 

BLUE COPPERAS, BLUE STONE, or BLUE 
.VITRIOL. Copper sulphate (». Copper). 

BLUE GUM TREE. The Eucalyptus glo¬ 
bulus (Labdll.), a tree common in Tasmania and 
South-Eastorrl Australia. 

BLUE JOHN. A variety of fluor-splr found 
in Derbyshire, and valued for making ornamental 
articles (v. Calcium). 

BLUE LEAD. A term applied to galena by 
miners to distinguish it from white-load oro, or 
carbonate. 

BLUE PIGMENTS v. Pigments. 

BOBBINITE v. Explosives. 

BODY VARNISH v. Varnish. 

BOFFIN JTE. An explosive consisting of 
potassium nitrate, 62-65 pts. ; charcoal. 17—19A 
pts. ; sulphur, 1^-2£ pts., copper sulphate and 
ammonium sulphate, 13-17 pts. 

BOG-BUTTER or BUTYRELLITE. A 
substan'e resembling adipocere (r/.n .), occasion¬ 
ally found in peat in Ireland and elsewhere. (For 
list of chemical and physical constants of a sample 
of hog-butter found in Tyrone, v. Radcliffe and 
Maddocks, JJ3oo. Chem. Ind. 11)07, 3.) 

BOGHEAD COAL v. Paraffin. 

BOGHEAD NAPHTHA v. Paraffin. 

BOG-IRON-ORE. An impure iron hydroxide 
of recent formation in bogs and marshes. It is 
referable te the mineral species limonito (2Fe 2 O s , 
3H a O), and, in fact, this name (from \tifiuv, a 
meadow) was at first applied to this material, 
which is known in German as Raseneisensteiri 
or Wiosenerz (meadow-ore). It is sometimes 
placed under the species limnite (from Xlfxvn, a 
marsh), to which the formula Fe,0„3H,0 is 
assigned. It contains 20-78 p.c. Fe a O s , some silica 
and organic matter, and often phosphates in con¬ 
siderable amount! The material has been de¬ 
posited by the oxidation, through the agency of 
algae and bacteria, of chalybeate waters. It is dug 
in shallow pits in the peat-bogs of Ireland, the 
production amounting to a few thousand tons 
per annua, and is mainly used for the purification 
of coal-gas. The Swedish lake ores (sjomalm) are 
of the same nature. • L. J. S. 

BOG MANGANESE, wad, or earthy manga¬ 
nese (v. Manganese and Wad). 

BOHEMIAN BOLE. A yellow variety ol 
bole (?.*’.). 

BOILED OIL. Linseed oil (v. Linseed oil). 

BOILER INCRUSTATIONS AND DEPOSITS. 

The deposition of insoluble salts directly through 
boiling the water in boilers, or through concentra¬ 
tion beyond the limit of solubility of salts in solu¬ 
tion, or again, by interaction between otherwise 
soluble salts leading to the precipitation of 
insoluble salts, causes serious trouble in boiler 
practice, and lowers the efficiency of -the boilers. 
Any inorustation or scale retards heat trans¬ 
mission to the water, thereby increasing fuel 
consumption; overheating of the plates or tubes 
may-result in serious damage, and the removal of 
a hard scale by mechanical means leads to 
$tirthlr damage, in addition to the cost of 
itfomoval and <the boiler being idle for some time. 
If the deposit remains as a soft mud, frequent 
u$e of the blow-off cook is demanded, and heat 
is lost in the hot water blown off; but this, of 
qpurse, is preferable to the accumulation of the 


deposit, and its -baking on the plates or tubes to 
a hard mass. 

tTne question of corrosion is also obsely 
associated in many oases with the production 
of deposits, and treatment on scientific lines for 
the removal of the latter oyercomes troubles from 
the formor. 

Natural waters vary widely in composition, 
and some are wholly unsuited for boiler use, 
either by reason of the formation of deposits 
and scale, or of their corrosive action. For the 
different characters of natural waters and their 
composition, see. article on Watep. 

It is convenient to regard deposits at tho 
soft material which can be removed as sludge; 
incrustations aB deposits more or less firmly 
adherent to the boiler; and scale as the firm 
hard material which can only be removed with 
difficulty, usually requiring chipping off. 
Naturally no hard-and-fast lino can be drawn 
between these forms. 

Either form i^ to be associated primarily 
with' the ‘ hardness ’ of water. ‘ Temporary 
hardness,’ i.e. hardness removable by simple 
boiling, is due to calcium and magnesium 
carbonates (to a small extent also to ferrous 
carbonate). These salts, although almost in¬ 
soluble m pure water, dissolve in the presence 
of carbon dioxide, owing to tho formation of 
soluble bicarbonat.es (CaC0 3 -H a C0 3 ; Mg00 8 * 
II a C0 3 ). One litre of water holds about 
1 -2 grams of calcium carbonate (as bicarbonate) 
in solution; after prolonged boiling about 
18-20 milligrams per litre. In the presence of 
other soluble salts the solubility is increased, 
thus with calcium sulphate present the solu¬ 
bility may be increased to 1*8 grams of CaCO s 
(as bicarbonate) per litre.* 

When w^ter containing calcium bicarbonate 
is heated to about 65 u 0. it begins to deposit 
the normal carbonate in powdery form; at a 
later stage tho deposit becomes crystalline, and 
may form a fairly adherent incrustation. 
Calcium carbonate exists in two crystalline 
forms, cnlcite (rhorabohedral, belonging to the 
hexagonal system), and aragonite (ortho¬ 
rhombic, belonging, to the rhombic system). 
The latter is harder and denser than calcite, and 
is believed by some authorities to be the cause 
of incrustation from carbonated waters. On 
boiling such waters the precipitate is a mixture 
of calcitC and aragonite; the presence of other 
soluble salts favours the formation of fcragonito.* 

Magnesium eatbonato behaves somewhat 
differently, several intermediate hydroxy- car¬ 
bonates being formed, the composition of which 
is dependent on temperature. By continued 
boiling in the presence of water at high tempera¬ 
tures (under pressure) magnesium carbonate 
forms the hydroxide (Mg(HO) ? ), with liberation 
of carbon dioxide, and, according to J. H. Paul, 
insoluble magnesium oxide may even result. 
W. A. Davis (J. Soc. Chem. Ind. 1906, 788) 
founci that on heating an alkaline solution of 
magnesium bicarbonate to 60° in a partially 
closed flask, tie precipitate was MgCO i *3H a O. 
At 100° it lost water (211,0), and at 125° tho 
third molecule, together with carbon dioxide. 

A table of soluDility of magnesium carbonate 
in water containing carbon dioxide at various 
pressures * will be fodnd under Magnesium 
CARBONATE. 
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Solutions of magneaijim carbonate decom¬ 
pose much more slowly on boiling than those of 
calcium bicarbonate, but the precipitatjpn is 
more oomplete. In peaty waters the deposition 
of both carbonates is considerably retarded and 
may be prevented. 

Ferrous carbonate behaves similarly to 
caloium carbonate. 

The ‘ permanent hardness ’ is due chiefly to 
the sulphates of calcium and magnesium ; to a 
minor extent to the chlorides and nitrates of these 
metals. Boiling at ordinary pressure does not 
cause the deposition of any of these salts, pro¬ 
viding the water does not become too concen¬ 
trated. On the other hand, boiling at the higher 
pressures oxisting in boilers almost complete 
precipitation of calcium sulphate occurs, and 
this constitutes the most troublesome constituent 
in boiler waters, being very largely responsible 
for the formation of hard adherent scales: 

Calcium sulphate (CaS0 4 ) is practically in¬ 
soluble in water. It occurs naturally in the 
hydrated form (CaS0 4 *2Il 8 0> as gypsum. # Two 
varieties of the anhydrous sulphate are recog¬ 
nised ; insoluble and soluble anhydrite. The 
solubility of natural gypsum attains a maximum 
at 32° C., 100 parts of water dissolving 0*2090 
part. At 10° 0. the solubility is 0*1929; at 
100°, 0*1620 (Hulett and Allen, J. Amer. Chem. 
Soc. 1902, 24, 667). Much stress has been laid 
on the decreasing solubility with rise of tempera¬ 
ture as the important factor in causing deposition 
in practice, but since the amount of calcium 
sulphate is generally much below the limit of 
solubility at 100°, it*sooms impossible that it can 
be an important factor. According to Silchester, 
at low boiler pressure (28-29 lbs.) water contain¬ 
ing the salt will concentrate like other waters 
without scale, but at higher pressures (40-50 lbs.) 
will deposit, due to the formation of a hemi- 
hydrato, 20aS0 4 *H 8 0, at a temperature of 
107°. This has been recognised by Johnston 
in scale from boilers working at 2 atmos. 
Above 130° the anhydrous calcium sulphate is 
formed. These are salient facts in the formation 
of hard scales due to this salt, for it is evident 
that it is not a question of concentration above 
the limit of solubility of 0!tS0 4 *2H 8 0, but the 
definite formation of another phase, and the 
material being practically insoluble in this phase 
is almost completely precipitated even when 
present in very small amount in the water. 
130°, or perhaps a little lower, may be regarded 
^as the critical point determining precipita¬ 
tion of calcium Bulphate. 

* The solubility i.s increased by the presence of 
other more soluble salts such as sodium o nloride and 
sulphate, and calcium sulphate may concentrate to 
a fairly high degree in a Boiler water, as is shown 
by the following analysis by J. C. W. Greth 

Grains per Imperial 
gallon 

Volatile and organio matter . 5*04 

Silica.0*6fy 

Calcium carbonate . • 1*20 

Calcium sulphate # . . 94*56 • 

Magnesium sulphate . .7*63 

Sodium chloride *. . . 12*66 

Sodium sulphate . . 23*77 

Other constituents of natural waters, such as 
calcium chloride, magnesium sulphate and 
chloride, often play an important part in the 
formation of scale by interaction; thus mag¬ 


nesium sulphate, although so soluble that it 
should never form part of a scale nnder proper 
working conditions, may be almost as trouble¬ 
some as cllcium sulphate, since with caloium 
carbonate or chloride it reacts with the formation 
of calcium sulphate and magnesium carbonate, 
or chloride. 

Formation of scale .—Waters which are in the 
main temporarily hard will deposit the carbon¬ 
ates of calcium and magnesium (also ferrous, 
carbonate, if present), either in the boiler or 
feed-water heaters by the simple dissolution of 
the bicarbonafes. Such deposits are usually 
powdery; in the presence of organic matter 
they seldom form coherent deposits, and so may 
be got rid of by the sludge cock. Under some 
conditions, however, the deposits bake on the 
plates or tubes and form incrustations. Further, 
on concentration of the water other salts in 
solution, like magnesium or sodium sulphite, 
may react on the incrustation with the formation 
of calcium sulphate and produce a much harder 
deposit—a true scale. Similarly, an incrustation 
containing magnesium hj«tfoxido may react 
with magnesium chloride and form a hard 
incrustation. 

The deposition of Ifhe carbonates is a gradual 
process so that a temporarily harfFVater which 
deposits much of its calcium carbonate ih the 
feed-water heaters, but less of the magnesium 
carbonate bocause of its slower rate of de¬ 
position on heating, will continuo to deposit in 
pipes, and such deposit will, for the sSfme reason, 
contain a higher proportion of magnesium 
carbonate. Such actions are modified by the 
presence of other salts; thus, according to 
Petit, sodium chloride reduces tho proportion of 
lime and increases that of magnesium, whilst 
magnesium sulphate causes more lime to be 
retained in solution. 

Calcium sulphate, whether present as such 
or formed by interactions on concentration of 
tho water, becomes deposited in the anhydrous 
form as soon as the temperature is above that 
corresponding to the phases CaS0 4 *2H 8 0 or 
CaS0 4 *H 8 0. It forms an extremely hard scale 
of itself. *" If deposited amongst tlie precipitated 
carbonates it acts $s a binder, ancf may form 
hard incrustations or scales. Its deleterious 
action may, therefore, be far greater than the 
mere proportion present would jjfticate. Calcium 
sulphate is throughout 5 the most important 
factor in the formation of hard incrustations and 
true scales. 

In broad terms, whilst the carbonated waters 
(temporarily hard) form soft easily removed 
deposits or incrustations, and waters containing 
calcium sulphate, or salts liable to form it by 
interaction (permanently hard), produce hard 
scales, and Berve to bind loose incrustations into 
harder masses, such a generalisation must only 
be accepted as broadly true, for exceptions are 
not infrequent under the varying composition 
of natural waters and conditions of practice. 

Magnesium hydroxide (Mg(HO)*) with mag¬ 
nesium chloride forms a hard material; gertam 
covering compositions for ships’ decks are mod# 
on this basis. In the presence of calcium sul# 
phate these salts form very hard porcelain-like' 
scales, which are extremely difficult to remove. 
According to J. H. Paul, the tidal waters of the 
Thames give such a Beale, the composition being 
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▼cry constant between 85-87 p.c. calcium 
sulphate, and 10-13 p.o. magnesium hydroxide, 
which approximately agrees with a molecular 
composition 3CaS0 4 -Mg(H0) a . ' 

Under bad conditions of working the concen¬ 
tration of the water in a boiler is sometimes 
allowed to increase to such an extent that 
soluble salts are deposited along with the true 
incrustation^forming solids. Paul giv^es the 
composition* of such a scale from a feed-water 
containing 20 grains of lime and magnesia, and 
40 grains of sodium salts per gallon as’:— 
Calcium carbonate . 3*89 p.c. 

Magnesium carbonate . . 1 *10 „ 

Silica ..... 0*09 „ 

Iron oxide .... 0-77 .. 

Sodium chloride . . . 77*09 „ 

Sodium sulphate . . . 11 *82 „ 

Sodium carbonate . .3*62 „ 

« Combined water . . . 5 96 „ 

Ninety-five p.c. of this hard tougli crystalline 
scale was soluble m water. The removal of 
scales of this ‘ soluble ’ type is simple, it being 
only necossary to'olow down the boiler and fill 
up with fresh water and again empty. 

The formation of scale from sea wdter is a 
matter of some importance, for although the 
use of sea 'WSter in boilers has been almost 
entirely discarded in favour of the use of distilled 
water for the ‘ make up,’ made in the ship’s 
evaporating plant, yet sea water frequently 
finds its way into the feed from leaky con¬ 
densers, or? through priming in the evaporator. 
The scale from sea water is mainly calcium sul¬ 
phate, together with magnesium hydroxide and 
silica. Frequently the scale can be separated 
into a hard and soft portion, the latter containing 
a considerably higher proportion of magnesium 
hydroxide. The calcium sulphato may be 
between 80-90 p.c., magnesium hydroxide 
2-5 p.c., calcium carbonate is usually under 
1 p.c. One ton of sea water contains about 
3*5 lbs. of scale forming salts, of which a little 
over 3 lbs. is calcium sulphate. 

With low-pressure boilers it was possible 
to evaporate sea water without anv serious 
trouble, providing the density was not allowed 
to become excessive (according to Lewes, to a 
density of 1*09 without deposition of calcium 
sulphate), but with modern boilers working at 
high pressures, so that the boiling-point was 
raised above the critical temperature of de¬ 
position of calcium sulphate in brine solution, 
troubles from scaling became so developed that 
the use of such water in these boilers had to be 
abandoned. 

The formation of magnesium hydroxido is 
probably due to the interaction of the concen¬ 
trated solution of magnesium chloride on the 
small amount of calcium carbonate wliich would 
bo the first substance to deposit, the magnesium 
carbonate formed later losing carbon dioxide. 
Such a reaction accounts for tho very small 
quantity of calcium carbonate in the scale. 
Magnesium hydroxide may also partly result by 
direct hydrolysis of magnesium chloride which 
stakes ^lace readily in contact with heated iron, 
ijjydracliloric acid is set free, and this is closely 
associated with corrosion of the boiler on wliich 
it acts with the production of ferrous chloride, 
this further reacts with magnesium hydroxido 
preoipitating black ferrous oxide (or hydroxide) 


in the absence of air. Free hydrochlorio acid 
and iron are thus not found in the water; indeed 
the water is slightly alkaline, due to the solu¬ 
bility* of the excess of magnesium hydroxide. 

Prevention of Scale. 

The treatment of wr.ter to prevent the 
formation of incrustations or scale may either 
be preparatory to its use in the boiler, or 
chemicals (generally sold as * boiler fluids ’) may 
be added from time to time to tho water in the 
boiler. In the latter case prevention of trouble¬ 
some scale may bo possible, the added fluids 
causing precipitation in a form wnich can be 
easily removed by the sludge cock, but unless all 
scale-forming materials can be kept in solution, 
an almost unroalisable condition, it is clearly 
more satisfactory to remove the causes of trouble 
before the water enters tho boiler. 

There is no relationship between the amount 
of impurity in a water and its scale forming 
| character, since concentration will soon increase 
the quantity from even a very pure water. The 
! essential point is the character of the dissolved 
solids, and accurate analysis is essential both 
from the point of view of determining suitability 
for boiler use, and tho correct system of treat¬ 
ment necessary to render a natural water 
suitable. 

With purely carbonated waters treatment in 
a special form of heater, whereby the calcium and 
magnesium carbonates are to a considerable 
extent precipitated, may be satisfactory, but in 
general chemical processes are employed. 
Although a largo number of reagents have been 
proposed and adopted with success in special 
cases, three only find extended use, namely,lime 
(as milk of lime or as cleiy lime-water), sodium 
carbonate (soda ash), and sodium hydroxide 
(caustic sod*). The action of lime on the 
bicarbonates is 

(!aU() 3 -H a CO 3 + 0 a(HO) a = 2 CaCO 3 + 2 H a O 
MgCOj'H 2 CO 3 -f Ca( HO) j 

~Ca(J0 3 H-MgC0 3 -f 2H ? 0 
The removal of calcium carbonate is never quito 
complete, and the reacLon is still less complete 
with rimgnesium bicarbonate. 

It can be ascertained when lime has been 
added in the requisite slight excess by the 
yellowish brown colouiation tho water gives 
with silver nitrate solution. . 

Limofhas no action on tho salts which cause 
permanent hardness, so that it is seldom 
employed alone, ty|t generally in conjunction 
with soda ash or caustic soda. Either or both 
of these reagents may be employed without 
lime, and will remove both temporary and 
perm anon t hardness under suitable conditions. 
»Soda ash reacts as follows :— 
CaCO 3 -H 2 CO 8 +Na 2 C0 3 =CaC0 3 4-2NaHC0 s 

At temperatures above 160° the sodium 
j bicarbonate is converted into the normal car¬ 
bonate again, and carbon dioxide is liberated. 

With caustic soda the reaction is similar, 
so that theoretically a small amount of either 
n^ent is capable of dealing with the temporary 
hardness of a large quantity of water, but there 
is always the liability of the water becoming 
unduly alkaline by concentration. 

With magnesium bicarbonate it is frequently 
found thait when the correct quantity of 
alkaline carbonate or hydroxide is added there 
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irf no precipitation in the cold. W. A. Davis 
(l.c.) states that this is due to the formation of 
the soluble salts 

MgHOOj'COj.Na or Mg(CO„-Na)„ * • 
according to the proportions used. Preelpita- 
tion only occurs when the liquid is heated 
sufficiently to decompose these soluble double 
salts when a mixture of magnesium hydroxide 
and a basic carbonate, Mg(()H) - (H'C0 3 ), is 
precipitated. Consequently below a certain 
temperature it is impossible to completely 
soften magnesian waters containing small 
quantities of the bicarbonate, sulphate or 
chloride by means oi either sodium carbonate 
or hydroxide. 

It follows that a water containing magnesium 
salts if treated by these chemicals in the cold 
will deposit sludge or form an incrustation in a 
boiler or in feed-water heaters. 

The action of sodium carbonate on calcium 
or magnesium sulphate causes precipitation 
of tho respective carbonates and the formation of 
sodium sulphate. Sodium .hydroxide forms 
calcium hydroxide and sodium sulphate,* and 
the calcium hydroxide may then react on the 
salts causing temporary hardness, if those latlei 
have not already been acted on directly according 
to the equation 
CaC0 3 , H 2 C0 3 l-2Na()H 

—Cat'() 3 -}- Na 2 0( > 3 -f 2H a O 

With these soluble alkalis it is important i 
to note that the water will be left with free 
alkali in solution if tho salts causing temporary 
hardness are pi excess of the molecular equiva¬ 
lent of those causing permanent hardness. 
With calcium sulphate, on the other hand, in 
excess, or in molecular proportion, the sodium 
will all remain as sulphate 
CaCO l -H 2 CO 2 4-Na5CO a =Ca0O 3 +2NaHCO 3 
(Mol. Wfc. 100). . 

Above 100° C. 2NaHC0 s =-Na 8 C0 3 | H a O+(X) a 
CaS0 4 -f-Na a C0 3 —CaC0 3 +Na 2 S0 4 i 
(Mol. Wt. 136). 

Accumulation of free alkali in boiler waters 
is objectionable ; it is commonly associated with 
priming or foaming, and if the solution be at all 
concentrated, may causo attack of brass boiler 
fittings and even of the* gauge glass. For 
certain industrial purposes also alkaline water is 
inadmissible ; for example, in affecting delicate 
shades of colour in dyeing, and m the preparation 
of tan liq uors. 9 

Caustic soda requires using with discretion. 
It finds most useful application with waters 
containing the sulphates, chlorides'Stnd nitrates 
ofccalcium and magnesium. 

Other chemicals which have been employed 
include magnesium oxide (or hydroxide), 
barium hydroxido and chloride, and the oxalates 
of potassium and sodium, but as they offer little 
advantage over lime and soda, and are very 
much more expensive, thoy are but seldom 
employed. Aluminium sulphate, alum solution, 
or sodium aluminaio are sometimes employed. 

A most successful system, both for boiler and 
industrial purposes, is thg Permutite process, 
and this gives an almost perfectly soffcenod water, 
and the process is one inquiring the minimum of 
plant, it being simply necessary to pass the water 
through vessels containing the material. This is 
an artificial zeolite- ma#e by fusing together 
silica, alumina (or China clay) and Bodium 


carbonate, and extracting the soluble portion 
with water. The crystalline product is a doubly 
silicate of alumina and soda, approximating 
to the ‘composition Al 2 O a ‘Na t O - 4SiOf'5H a O. 
Generally a portion of the soda is replaoed by a 
small quantity of potash (K a O) and nine. . 

Water is passed through the crystalline 
material when the sodium is replaced quantita¬ 
tively by other metals, such as lftne 
Al a O 3 -Ifa 2 O-4SiO a -|-Ca0O 3 *H 2 C() 3 ** 

=Al a 0 3 -Cat) -4SiO a +2NaHC 0 3 
Alo0 3 -Na 2 0.4Si0 2 -f CaS0 4 

=Al 2 0 8 *Ca0-4Si0 a +Na t S0 4 

The pormutite may bo regenerated when 
exhausted by passing strong brine through it, 
and this therefore is practically tho only 
softening agent consumed. 

With the ordinary permutite waters contain¬ 
ing iron cannot be treated, and a special form 
containing a proportion of the higher oxides 
of manganese is used. This causes oxidation 
of ferrous to ferric salts, which are precipitated. 

According to Bahrdl the reactions between 
the alkaline earth metals* 4WIa permutite are 
reversible, and calcium can displace magnesium 
from magnesium permutite if first formed, and 
more magnesium may»at times bo present in the 
treated than in the untreated vater. Bahrdt 
therefore recommends prior removal of the 
temporary hardness by lime and confining the 
pcrmulilo treatment to the removal of permanent 
hardness. Such treatment would require to be 
carefully controlled, as a too highly alkaline 
water spoils permutite. 

The point must be emphasised that whilst 
with lime in the correct proportion to remove 
temporary hardness the precipitate is wholly 
insoluble, and no soluble salts are formed, with 
practically all other reagents an insoluble and 
soluble salts are formed. The latter will increase 
by concentration in the boiler, and care must 
be taken that this docs not Decome excessive. 
Especially is* this important where the soluble 
salt is alkaline. 

Softening plant. Numeioys forms of plant 
are employed for carrying out the softening 
process ; m some the sludge is allowed'to settle, 
two tanks being used alternately. To decrease 
the settling period tile sludge is generally stirred 
up with the fresh charge, and since the upper 
portion of the water clarifies first considerable 
saving of time (and consequent reduction in 
size of tanks) is possible by t.ho use of a draw-off 
pipe carried by a float. Many softening.plants 
are provided with automatic means of measuring 
in tho required reagents in the proportion 
determined by analysis, also with mechanically 
operated stirrers and suitable filtering arrange¬ 
ments. It has been found that the softening 
process is more complete when there is an 
accumulation of precipitated material in the 
filters, which suggests that tho action of the 
sludge left in settling tanks is beneficial beyond 
its mere mechanical action in promoting 
clarification. 

With waters softened by tho lime-soda 
treatment., oven with heat, the actions arooften* 
not completed in the tanks, and deposits ar^ 
found in the feed-water heaters and pipes. 
These incompleted- reactions are primarily due 
to magnesium salts, the behaviour of which has 
already boen referred to. In the Archbutt- 
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Deely process this trouble is overcome by 

r ing carbon dioxide into the softened water, 
gas being dr^wn off from a coke fije, freed 
from sulphur dioxide by limestone, arid injected 
by the steam blower, which serves to draw the 
gases from the small producer. 

Boiler Fluids. 

The use of, an anti-incrustation fluid in the 
boiler is greatly favoured by many engineers, 
but is not such a satisfactory method of treatment 
as the prior removal of the scale-forming con¬ 
stituents. The method has the advantage of 
requiring no external plant, and for ono or two 
boilers this is an advantage; but for larger 
installations a proper softening plant is better 
and more general in practice. It is obvious that 
precipitation of any solids by the boiler fluid 
takes pl&ce in tho boiler, and the sludge so formed 
must be blown out at intervals. Some of the 
compounds used are not without action on boiler 
plates, tubes and fittings, especially copper alloys. 

Sodium carbonate and hydroxide with waters 
containing little if f ; he bicarbonates of lime and 
magnesium, especially if the water is slightly 
acid, give good results. With carbonated 
waters the alkali will not be used up and the 
water may tygeomo objectionably alkaline. 

Ammonium' chloride reacts with calcium 
carbonate, producing calcium chloride and 
ammonium carbonate, and tho latter is decom¬ 
posed at boiler temperatures, ammonia escaping 
in the stearp. With magnesium salts magnesium 
chloride may be formed, and this is an active 
corrosivo agent. 

Sodium phosphate (NaJlPCV^HjO) is 
suitable for sulphated waters. Biearbonates 
are also decomposed, apparently through hydro¬ 
lysis of the salt in solution with the formation 
of a small amount of sodium hydroxide. 

* Sodium sulphite and silicate are also some¬ 
times employed.' The former precipitates I 
calcium sulphite, which is slowly oxidised to 
sulphate, in a non-crystalline form so that it can 
be Blown off. Sulphites are, however, likely to 
cause corrosion, especially in the presence of 
nitrates, ydiicV. become reduced to nitrites, and 
as those decompose active corrosion may result. 
The objection to sodium silicate is its liability 
to harden otherwise soft incrustations. 

•Many organic substances of the most varied 
character, starchy, albuminous and gelatinous' 
materials, are used. Tho general action appears j 
to be due to their colloidal character, which 
prevents the formation of crystalline deposits. I 
Tannic acid, or sodium tannate, have been I 
widely employed. The free acid decomposes ! 
the carbonates with the formation of insoluble 
tannates. Tannic acid may act on the iron, and ! 
should only be used with alkaline waters, and 
then under careful chemical supervision. 
Alkaline solutions containing more or less sodium 
tannate are frequently employed, but it is 
probable that the anti-inorustation action is 
mainly physical and due more to the organic 
extractives than the sodium tannate itself, 
except in so far as the alkali itself acts in 
^aocoraance with, reactions already dealt with. 

^ 4 Oily Deposits. 

The presence of oil globules carried into the 
boiler by the condensed steam from the cylinders 
has been the cause of several boilers collapsing, 


owing chiefly to overheating of the orown plates 
of the furnace. Even with good mineral 
cylinder oils a process akin to steam distillation 
ma^ f take place, so that portions of the oil 
normally of higher boiling-point than the 
temperature of the steam are carried forward in 
the condensed feed-water.* These oily globules 
attach thomsolves to any precipitated carbonates 
or sulphates, rendering the material lighter, bo 
that it is carried freely by the convection 
currents until meeting highly heated metal 
surfaces it becomes deposited. It is character¬ 
istic of such deposits that they occur as fre¬ 
quently on tho underside of tubes as on the upper 
side (whoro non-oilv incrustations are usually 
much thicker), this being due to this circulating 
action. Frequently all oil may disappear from 
the incrustation, owing to excessive heating 
of the metal in contact with it. 

Another action not generally recognised is 
that some oils derived solely from petroleum 
(mineral oils) are liable to oxidation with the 
formation of acids .akin to, if not identical with, 
fatty 1 acids, and these form insoluble soaps with 
lime and magnesia. With the latter in par¬ 
ticular tho soap is of an adhesive character, it 
collects other floating solids, and deposits a mass 
on plates and tubes. The free acids also attack 
copper, load and zinc of brass fittings, and the 
salts of these metals are frequently found in the 
incrustation. Paul has published analyses of 
several such deposits, a typical one from a 
wholly mineral oil being :— 


Uncombined oil . 

. 49-99 p.c. 

Combined oily acids . 

. (5-72 „ 

Zinc oxychloride 

. 22-79 „ 

Lead oxide . 

■ 0-47 „ 

Copper oxide 

. - 0-10 „ 

Ferric oxide . * . 

• 7 02 „ 

Magnesiv.m oxide 

. 11-90 „ 

Silica .... 

• MO „ 


When mixtures of saponifiable and non- 
saponifiable oils were employed for cylinder 
lubrication the formation of fatty acids which 
passed to the boiler feed water was much more 
serious, and led to the abandonment cf saponi¬ 
fiable oils. With boilers working at the high 
pressures now common, especially in conjunction 
with high super-heat of the steam, it has become 
a most important matter to select only cylinder 
oils of tho nighest quality, free from tendenoy to 
form acjds. In every case where condensed 
water is used it is most essential to instal 
efficient means of reproving oil, either in exhaust 
steam separators or feed-water filters. Alu¬ 
minium sulphate or alum have been employed 
with success to aid the separation of the emulsi¬ 
fied oil, the aluminium hydroxide formed by 
precipitation with any alkali present collecting 
the oil globules, and their removal by filtration 
is facilitated. J. S. S. B. 

BOIS PIQUANT BARK. The bark of Zan - 
thozylum cariboenm (Lam.), and Z. Perrottetii 
(D.C^. Usedin Franco as a febrifuge (Heokel a. 
Schlagdenhaffen, Compt. rend. 98, 996). 

*BOLDO. A shruJb, Pevmus boldue (Molina), 
belonging to the Monimiacece, growing in the 
Chilian Andes. The bark is used in tanning, the 
wood makes a good charcoal, and the bark and 
leaves contain a gluooside CgoHatO*, awful m a 
hypnotic p,nd oholagocue (Chapoteau, Compt. 
rend. 98, 1062). 
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BOLE. (Sol, Oar.) A ferruginops day-like 
substance, of red, brown, or yellowish colour. It 
i8 not plastic, and when thrown into w^ter 
falls to pieces with emission of streams of 
minute air-bubbles. It has an unotuous feci, 
and some varieties adhere to the tongue. When 
cut it presents a shining streak. Before the 
blowpipe it fuses to a yellowish or white enamel. 
ItB composition is very variable, but its usual 
limits are from 41 to 47 p.o. Si0 2 , 18 to 25 p.c. 
A1,0, and 24 to 25 p.c. H a O, with a proportion 
of Fe 2 0 8 , which may reach 12 p.c. It will be 
noticed that tho percentage of water is higher 
than in clays. The Fetlbol of Freiberg in 
Saxony occurs in mineral veins, and contains 
only about 3 p.c. of Al,O s . The hole of Stolpen 
in Saxony is a yellowish substance containing 
only a trace of F,- a O a . Kammelsbcrg's analysis 
yielded 8iO„ 45-92 ; AU)„, 2214 ; Oaf), 3-9 ; 
H,0, 25-88. In the ‘ bole of Sinope' (sinopite) 
from Asia Minor the SiO a falls as low as 32 p.c. 
The ancients obtained this material from 
Cappadocia, and used it as a red pigment, Tt 
waB also employed in medicine as an astringent, 
(e. Lemmiax Earth). 

The following is an analysis of bole, occurring 
in granite, at Steinkirehen, Bohemia :—Dried 
at 100° it yielded SiO a , 40-73; A1 2 0 S , 20-17 ; 
Fe 2 0 3 ,12-34; OaO, I -04; MgO, 1 -31 ; K.,0, 0-98; 
MnO, 0-28; loss on ignition, 10 53 (G. Stnrkl, 
Verh. k. k. Gcolog. Keiths. Vienna, 1880, 
279). 

Bole is frequently found ns a product of the 
decomposition of basaltic rooks. Thus tho 
sheets of basalt in N.E. Ireland, representing 
Tertiary lava-flows, are separated by partings of 
bole, associated with lithomargo, bauxite, 
pisolitic iron-ore, and seams of lignite. The 
■Antrim bole is described as a poor variety of 
aluminous iron-ore (G. A. ,1. Cols, The inter- 
basaltic rocks (iron ores and bauxites) of north¬ 
east Ireland, Mem. Geol. Survey, Ireland, 1912). 

L. ,1. S. 


B0L0GNIAN STONE. A native variety of 
barium Bulphatc found as nodular masse < 
embedded in clay near Bologna ; when partially 
reduoed to sulphide hy calculation with charcoal 
it exhibits phosphorescence. Vanino and Zum- 
buseh (J. prakt. Chem. 1911, 84, 305) have 
attempted to ascertain the factors which 
determine tho phosphorescent quality of Bologna 
stones. Good samples may vary in* sulphur 
content between 12 and 33 p.c. Marked phos¬ 
phorescing power seems t»depra^ upon the 
pmsence of poJysulphides: produc's containing 
only monosmpbido are deficient in this respect. 
The presenoe of calcium oxide appears to increase 
the phosphorescing power (». Baeiom and 
Babytes). i 

BOLORETIN v. Rbsins. 

BOMBICESTOROL v. Sterols. 

BONE. Bony tissue may be either compaot 
' m, in the shafta of the long bones-, or spoitey or 
cancellated as in tho flat bones of the skull and 
la the extremities of the long bones; hore‘an 
wtemal compaot layer encloses a mass ot 
1 spongy bone or diplo*. From the embryological 
Stott of view, bones may be divided into 
Mrtflage bonea and membrane bones. The 
cPHilale bones are those which m .embryonic 
Receded by cartilaginous prefigure- 
"k Vat. T_ T. 


meats; these comprise the majority of the bones 
in the body, and include all the long bones exoept 
the clavkV In the case of %nembrane bonea 
(for instanoe,the flat bones of the craniunf), there 
is no such preliminary cartilaginous prefigure* 
ment. It must not, however, be supposed that? 
in tho cartilage bones the cartilage is oonvertod 
into bone ; for here, as in the cases where there is 
no cartilage present, the true bony tissue is 
laid down ny the agency of certain cells termed 
osteoblasts in tho connective tissue sheath 
(periosteum) of the bone, and the cartilage 
when present, after undergoing a certain amount 
of calcification, is then entirely eaten away by 
certain large cells oalled osteoclasts. In the 
cartilaginous, as distinguished from the bony 
or teleostcan, fishes, tno replacement of the 
cartilage by truo bone does not occur. J 

Bone is deposited in concentric laminae, the 
_ jority of the layers encircling the chani&ls 
called Haversian canals, in which the blood¬ 
vessels lie. The living elements in bone, the 
bone cells, lie in spaces bet^jen the laminae, 
and these spaces (lacunafcfintorcommunicate 
by minute canals, in which lymph flows and 
maintains their nutrition. 

The chemical materials present p are organio 
and inorganic. Tho organic materials ) are 
proteins and nuclein derived from the bone 
cells, a Bmall quantity of an elastin-like sub¬ 
stance which forms a lining to the Haversian 
canals, and a mucoid or glucoproteiq; but the 
principal organic material, sometimes misnamed 
bone cartilage, is bettor termed ossein. Ossein 
is identical with the collagen of connective tissues, 
and like it yields golatin on boiling with water. 

If the inorganic salts are dissolved out by 
mineral acids, the ossein remains as an elastio 
mass which preserves the original shape of the 
bone. . * 

The inorganic constituents remain as the 
so-called bone earth after the bone is completely 
calcined; it consists chiefly of calcium phosphate, 
but also contains calcium carbonate, and small 
amounts of magnesium, chlerine, and fluorine. 
Gabriel (Zeitscn. physiol. Cheip. 131 states 
that potassium and sodium also occur. Traces 
of iron come from tl]e blood in the bone, and of 
sulphate from chondroitin-su]phuricacid(M6rner, 
ibid. 23). 

Investigators differ as to the manner in 
which the inorganic substances are combined. 
Chlorine and fluorine are present in the same 
form as in apatite (CaFlj-SCagPjOg),. and 
according to Gabriel, the remaining mineral 
constituents form the combination 3(Ca a P a O s ) 
CaCOj. He gives as the simplest expression 
for the composition of the ash of bones and 
teeth the formula Ca a (P0 4 ) 2 +Ca 5 HP a 0, s +H t 0, 
i in which 2-3 p.c. of the limo is replaced by 
magnesia, potash, and soda, and 4-0 P.C. of 
the phosphoric acid by carbon dioxide, chlorine, 
and fluorine. , , , 

Zalesky’s analyses (Hoppe-Seyler a Med. 
Chem. Untersuch. 19) show how closely bone 
earth agrees in composition in different animals. 
The figures represent parts per 1000. (See 'Pabie.Ji 
The various bones of the skeleton differ a coop 
deal in the proportion of water, organic soliai, 
and inorganic solids which they contain. This 
depends to some extent on the admixture of 
marrow, blood-vessels, and other formations 

2 t* 
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from which it is difficult to free entirely the 
festoons tissue proper. The quantity of water 
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in fresh bones thus varies from 14 to 44 p.c., 
and of fat between 1 and 27 p.c. The quantity 
of total organic substance varies from 30 to 
62 p.c., the remainder being inorganic. 

ctTho marrow is from the chemical point of 
view mainly fat; its cells yield protein and 
nucleoprotein. 

On a rough ^yerage it may be said that two- 
thirds of the solids Consist of inorganic and one- 
fchird of organic compounds. 

With regard to t-ho minute composition of 
bones at different ages, wo havo no very accurate 
informations Voit found in dogs and Brubachcr 
in children, that the water in the skeleton 
decreases and the ash increases with advance 
of yoars. Graffenberger’s observations on rab¬ 
bits confirmed this view. 

A great many experiments have been mado to 
determine the influence of food—for instance, 
rich or poor in limo salts—on the composition 
of bone, but the results have been doubtful or 
contradictory. The attempts to substitute 
other alkaline earths for lime have also given 
uncertain results (see H. Wciske, Zeit. f. Biol. 
31 ; also Hammarsten’s Physiol. Chem.’translatod 
by Mandcl). 

A large number of data have also been 
published regarding the variations in chemical 
composition in different diseases of bone. Thus 
in exostoses the inorganic material is usually 
increased; in rickets and osteomalacia, the 
proportion of water and ossein to bone earth is 
raised. The view that lactic acid is responsible 
for the washing out of lime salts from bones 
in*fickets is, howovor, discredited. 

The somewhat rare condition of a curious 
protein (called Bence-Jones protein, after its 
disqoverer) in the urine is almost invariably 
associated with bone disease (osteomalacia, or 
malignant new growths). This protein in many 
of its characters resembles a proteose, but is 
probably derived from the mucoid of osseous 
tissue (Rosenbloom, J. Biol. Chem. 1910, 7, 
14s Williams, Bio. Chem. J. 1910, 5, 226). 

On heating out of contact with air, bone 
evolves a large quantity of volatile matter 
(v. Bone oil) which contains ammonia, pyridine 
bases, pyrrol, nitriles, Ac. A black residue is 
left consisting of the bone ash in association 
w#n carbon, which is called animal charcoal (q.v.). 

The industrial uses of bone are very numerous 
fl and involve a large import trade; not only is 
thtyfione itself made into many utensils, but 
materials made from the bone (charcoal, 
bone ash, getetin, Ac.) are put to many uses. - 

Thus animal charcoal or bone black is em¬ 
ployed in many chemical operations, in sugar 
: refining, as a polish for silver work, Ac. 


Bone meal and bone ash are- extensively 
employed as manure, and in the preparation of 
ther superphosphates of 'commeroe. 

The gelatin in an impure form is used in the 
preparation of paper, silk, furs, Ao., and the 
purer varieties are also put to numerous uses, 
for instance, as a clarifying agent in the prepara¬ 
tion of •wines, beers, liqueurs, for food in the 
preparation of soups, jellies, and puddings, in 
the making of photographic films, and in 
Bacteriology for the preparation of culture 
media. (See Merck’s Waren-Lexikon, arts. 

4 Knochen,’ ‘ Knochenaschc,* ‘ K.iochenkohle,’ 

‘ Knochonbl ’; H. Ost, Lehrbuch der Chem. 
Technologic, 6th ed. 1907, ‘ Knochcnmehl,’ 
187, ‘ Knoehenleim,’ 621; Dammer, Handbuoh 
d. chem. Technologic, 1898, 6, art. ‘ Knoohen- 
verarbeitung,’ 264.) 

The mention of gelatin as food suggests a 
word on its nutritive valuo. It is easily 
digestible and assimilable, and so is much em¬ 
ployed in invalid cookery ; nevertheless, it has 
long', been recognised that it is of inferior 
nutritive value. If animals receive gelatin as 
their solo nitrogenous food, they waste and die 
more rapidly than if nitrogenous food is entirely 
withheld from thorn ; still, when mixed with 
other proteins, less of the latter is sufficient to 
maintain life. Recent investigations on the 
chemistry of proteins havo shown that gelatin 
is destitute of the tyrosine and tryptophane 
groups, and these groups appear to be of special 
value or evon indispensable for tissue repair; 
the previously puzzling behaviour of gelatin in 
nutrition is thus explicable. W. D. H. 

BONE ASH v. Bone and Fertilisers. 

BONE BLACK v. Animal charcoal. 

BO$£ EARTH. Thi calcined residue of 
bones, consisting chiefly of calcium phosphate 
(v. Bone). 

BONE FAT is the fatty matter contained in 
the bones of animals, and is practically a by-pro¬ 
duct in iho process of working up bones, whether 
it bo for the manufacture of bone char or for the 
production of glue and gelatin. Ir. Jiiher of 
these manufactures, t-ho ‘ degreasing "of the 
bones • precedes &11 further manipulations. 
Bones from head, ribs, shoulder blades, Ac., 
contain from 12 to 13 p.c. of fat, whilst the 
‘ marrow ’ bones, t.e. the, large thigh bones, 
contain ^s much as 18-20 p.c. Formerly bone 
fat was produced by boiling the broken bones 
with water in open vessels, and allowing the 
hot liquor tfc stand, so that the fat could separate 
on the top and be skimmed off. In the oastfTof 
fresh bones, the recovered bone fat had a white 
to yellowish colour, a faint odour and taste, 
and the consistence of butter. When putrid 
bones were employed, the bone fat passed, 
according to age and state of decomposition 
of the organio matter in the bones, through all 
gradations from a white fat to a dark ranoid 
fat cf a very disagreeable smell. The boiling- 
out process allows only about one-holi of the 
fat to be recoveredr. The small yield, and the 
nuisance oonneoted with the preparation of 
the bone fat forced the' manufacturers to treat 
the bones with steam under pressure. 'The 
broken bones were placed in a oage fixed inside 
an autoclave, and were heated therein with 
open steam, under a pressure of 2 to 3 atmo¬ 
spheres. The bone fat so obtained was of the 
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same quality as that prepared by the former 
prooess. The best bone fat obtainable in the 
market is at present prepared by this pfotess, 
especially in the large packing houses df the 
United States and South America, whore the 
bones are worked up in the fresh state. They 
are first washed in % bone-washing machines.’ 
These are cylinders usually 10 feet long and 
3 feet to 4 feet in diameter, built up from iron 
bars, 1 inoh apart, fixed into two cast-iron 
heads. They are driven by chain and sprocket, 
and rotate slowly, making about ten revolutions 

S er minute. Through the entire longth of the 
rum there is a hinged door made of bars, 
which allows the filling and emptying of the 
cylinder. Tho machines are usually set at an 
angle to facilitate the washing and emptying 
operations. Some manufacturers even resort 
to steeping the bones in a solution of sulphurous 
acid in order to obtain a whiter fat (as also a 
better glue) than unbleached bones afford 
(sec, however. Head and Lloyd, d. Soc. (’hem. 
Ind. 1912, 31, 317). The yiem of bone, fat *i tho 
steaming-out process under pressure is con¬ 
siderably higher (by about 50 p.c.) than in the 
boiling-out process in open vessels, so that from 
bones containing 12 p.c. of fat, 8 to 9 p.c. can be 
s recovered. 

Hone fats of this quality can be bleached, 
but only the best kinds are likely to yield a 
good produet • The higher the percentage of 
free fatty acids, tho greater is the difficulty in 
bleaching. In fact, products containing more 
than 50 p.c. of free fatty acids could hitherto 
not be bleached successfully. 

The highest yield of bone fat is obtained by 
treating the bones with an organic solvent, 
whereby the animal tissue remains unimpaired, 
so that the whole of the glue-yielding organic 
substances can lie converted into glue after the 
fat has been removed. The solvent used in bone- 
extracting works is almost exclusively petroleum 
spirit or Scotch shale oil, boiling between 100° 
and 130°. Proposals have been made to use 
carbon tetrachloride or chloro- compounds of 
ethylene and ethane. Experiments with carbon 
tetrachloride have, however been abandoned as 
unromunorative. Extraction with ‘ benzine ’ or 
shale oil takes place in iron digesters under 
pressure or in open apparatus. The fat obtained 
by the extracting process is dark-brown, and 
baa a very penetrating, unpleasant dlholl. In 
addition to a considerable amount of free fatty 
acids, it contains lime-soa^ 1 , calcjpm lactate, 
cerium butyrate, and hydrocarbons from tho 
< benzine ’ which cannot be fully removed oven 
by prolonged steaming. Hitherto, this kind of 
fat has not been treated successfully, and even 
when some immediate improvement was ob¬ 
tained, the colour and also the unpleasant smell 
* reverted ’ after a short time. A patent by V ol- 
i land (D. R. P. 222609) claims, however, to bleach 
extracted bone fat by moans of barium peroxide. 

In von Girsewald’s process (Fr. Pat. 430015, 
1911) the vapour of the petroleum spirit,or 
other solvent finally remaining in the pores of 
the material is condensed by the introduction 
Of vapour of the same solvent at a pressure 
sufficient to produce condensation witnin the 
extractor. Mnre complete extraction of the 
bones is thus effected ana the re-admftsion of air 
' is prevented. 


The process patented by Schmidt (Eng. Pat. 
5368, 1913) has tor its object the rapid separa¬ 
tion of riaier from the solvenfcf This is effeoted 
by condensing the vapours from the extractor 
in a series of compartments at temperatures just 
bolow the boiling-point of the solvent or of thd 
respective fractions, and conducting the con¬ 
densed liquids to a common separator, where the 
water iaremoved prior to tho return of the solvent 
to the extractor. 

A method of removing the fat from bones 
without the use of a solvent is claimed in 
Powling’s process (Eng. Tat. 8397, 1912), the 
material being agitated in a steam jacketed 
cylinder until the fat has separated and the 
water has evaporated. 

The bone fat obtained by the boiling-out 
or steaming-out. process can be used for soap 
making ; the fill, obtained by tho extracting 
process is utterly unsuitable for that purpose in 
this country, on account of its rank smell. 
On the continent, however, such benzine- 
extracted fat is used up for^>*fl in small quanti¬ 
ties, especially when the price of fatty materials 
is high. The bulk of bone fat is, however, used 
in candle works, "where it is hydrolysed in an 
autoclave and subsequently sitjjjepted to the 
usual acidifying and distilling processes. m 

Bone fat is an important article of commerce. 
Tho chemical composition of bone fat lies 
midway between that of marrow fat and tallow. 
On account of the largo amount fatty acid 
contained in bone fat, this fat must be examined 
by special methods, for which the reader is 
refened to Lcwkowitseh, Chemical Technology 
and Analysis of Oils. 

Bone oil, fatty bone oil (not to be confounded 
with Dippel's oil), is the liquid portion of bone 
fat which is sometimes prepared in the same 
manner as tallow oil is obtained from tallow. 
Bone oil is used as a lubricant, and in the 
leather industries replaces neat’s-foot oil in 
tho preparation of ‘ fat liquor ’ and other 
emulsions. If such bone oil is freo from fatty 
acids, it represents one of riie best lubricating 
oils on account of its very low ‘ oold teat.’ 

J. L. 

BONE MEAL ?>. .Fertilisers. 

BONE OIL. Animal ail ; Dippel’s oil ; Oil 
of hartshorn ; Oleum animale empyreumaticum ; 
Oleum cornu cervi; Oleum Dippelii. ( Knock - 
enol, Thicrol , Ger.) The product obtained by 
distilling bones in the preparation of bone black 
or animal charcoal. The first mention of an 
animal oil appears to be in the writings of 
C. Gesner, 1552, and of A. Libavius (Alchemia 
Lib. II., Tract II.), 1595, whilst J. R. Glauber 
(1604-1668) also describes the unpleasant¬ 
smelling oil derivod from the distillation of 
animal parts. Apparently the first consistent 
steps in an examination oi the oil were made by 
| Johann Dippel in 1711, and afterwards by 
O. Unverdorben (1826), who isolated from it 
four bases which he described as odorin, animin, 
olanin and ammolin. The investigations of 
Anderson (Trans. Roy. Soc. Edin. 16, 123 ^ 463 ; 
20, 247 ; 21,219) were the first in which the put^ 
pyridine bases present in the oil, were obtained# 

The bones are .first boiled in a l*rge quantity 
of water, which removes the greater part of the 
fatty matters; they are then roughly dried and 
are subjected to dry distillation in iron retorts, 
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similar to those used in the manufacture of coal 
rfaa. Bone black or animal charooal remains 
behind and bon£ oil distils. The products of 
distillation are conducted through long iron 
tubes, which act as condensers and lead into 
ieceivers, where the crude bone oil collects, 
together with water. The gases are then passed 
into a separator containing sulphuric acid to 
retain ammonia, and can afterwards be used for 
heating purposes, or, if passed through purifiers, 
for illumination. The crude oil is separated 
from the aqueous distillate and is subjected to 
redistillation. The aqueous liquid consists of a 
solution of ammonium sulphide, ammonium thio¬ 
cyanate and cyanide, ammonium carbonate, and 
small quantities of very volatile organic bases. 
This is treated with sulphuric acid and afterwards 
distilled with slaked lime. The distillate, on 
treating with solid potash, yields large quantities 
of ammonia, whilst some oily bases separate out, 
and are afterwards worked up with the bases 
contained in the crude oil. This latter is a 
dark-brown, nea^s^laek liquid, having a foetid, 
moBt offensive smell, and a sp.gr. 0 - 970. 

On subjecting it to redistillation it begins to 
boil at SO 0 , when quantifies of ammonia come 
over together with an oil. The temperature 
rises t very gradually to about 250°. From 
180° upwards large quantities of ammonium 
cyanide and ammonium carbonate sublime over, 
and care has to be taken to prevent the con¬ 
denser being stopped up. A black resinous 
tar remains, which is employed in making 
Brun s wick black. 

The following substances have been isolated 
from bone oil by fractional distillation com¬ 
bined with treatment with acids to separate 
basic from non-basic constituents:— 


Chief constituents 
Butyro-nitrile 
Valero-nifcrilo 
Hcxo-nitrile 
Isohexo-nitrilo 
Deco-nitrile 
Palmito-nitrile 
Stoaro^Tiitrik) 
Pyrrole 

Methyl-pyrrole 
•Dimethyl-pyrrole 

Hydrocarbons ^ 


8 { ^ 10^18 
lC„H w 


Subsidiary constituents 
Methylamine 
Ethylamine 
Aniline 
Pyridine 
Methyl-pyridine 
Dimethj 1-pyridine 
Quinoline 
Phenol 

* Propionitrile 
Valeramide 
Toluene 
Ethyl-benzene 
Naphthalene 
(Weidel and Ciamician, Ber. 13, 05). 

As to the formation of the various compounds 
in bone oil, the nitriles are formed by the action 
of ammonia on the fatty acids, pyrrole and the 
pyrroles are the products of decomposition of the 
gelatinous substances, and pyridine and its 
derivatives are condensation products of acro¬ 
lein, from the dry distillation of the fats, with 
ammonia, methylamine, &c. 

Pyrrole. That portion of the non-basic part 
pf bone oil boiling at 98°-150° contains pyrrole 
its homologues. Ciamician and Dennstedt 
(Ber. 1886, 19, 173) purify the crude pyrrole by 
he&t&g ior many hours under reflux with solid 
U^lslie alkali, until the solid mass becomes 
fused. After cooling, tho unaltered oil is 
separated from the boM residue, and the residue 
powdered and washed with absolute ether. 
W#er is added and the mass distilled in a 
current of Steam when the pyrrole distils over. 


The fraction 140°-160° consists of a mixture of 
homopyrroles— i.e. methylpyrroles. That above 
15Q° 'contains dimetbylpyrrole. To separate 
the nx- and 0- derivatives, the mixture is 
converted into the potassium compound by 
fusion with potash, and heated in a current 
of carbon dioxide to 200°/ Two isomeric homo- 
pyrrole carboxylic acids are formed, which differ 
in the solubility of their lead salts. a-Homo* 
pyrrole‘carboxylic acid melts at 169'5°, and its 
lead salt is very soluble in water, differing from 
the /8-acid, which melts at 142-1°, and forms a 
slightly soluble lead salt. Tho acids obtained 
respectively yield on distillation with lime the 
corresponding methypyrroles. a-Homopyrrole 
boils at 148° under 750 mm. pressure, and 
/3-homopyrrole at 143° at 743 mm. 

Tho constitution of pyrrole is represented as 
followsCH=CH X 

iir=6H^ >NH 

the positions 2 an$l 5 and 3 and 4 being known 
as the a- and 0- positions respectively. It boils 
at 130°-131°, and its sp.gr. is 0-9752 at 12°. 
Refractive index ^ D = 1-5074 (Gladstone, Chem. 
Soc. Trans. 1884, 246). It is slightly soluble in 
water, readily soluble in alcohol and ether. It 
is a weak base, and is only slowly dissolved by 
dilute acids in the cold, it also possesses faintly 
acidic properties. 

By the action of iodine on potassium pyrrole, 
tetriodopyrrole is formed, which crystallises in 
yellowish-brown prisms and decomposes at 
about 140°. It acts like iodoform as an anti¬ 
septic, and is known as iodoL It has the advan¬ 
tage over iodoform of being free from smell. 

Pyrrole has been synthesised by passing 
acetyleite and ammonia through red-hot tubes : 

2<yi 2 -fNH 8 ==C 4 H 4 NH+H a ; 
also by distilling the ammonium salts of mucic 
and saccharic acids. Succinimide, on heating 
with zinc-dust containing zinc hydrate, also 
yields pyrrole 

CH a —CO CH=CH 

| \NH+2H,= | \nH+2H,0 

011,-0*0 - CH=CH 

Most of these methods give only a small 
yield of pyrrole, but Khotinsky (1009) obtained 
a 42 p.e. yield by heating ammonium mucate 
with an excess of glycerol, saturating the mixture 
with ammonia at ”370° and then distilling at 
320°-30°. ^ 

PotassiSm dissolves in pyrrole with the 
formation of potassium pyrrole C 4 H 4 NK,*' a 
substance insoluble in ether and decomposed by 
water into pyrrole and potassium hydroxide. 
This substance reacts with alkali iodides to form 
substituted pyrroles ; e.g. : 

N-Methylpyrrole, C.H.N’GH,: boils at US’; 
sp.gr. 0-9203. 

KEthylpyrrole C 4 H 4 NC,H t : boils at 131°; 

1 sp.gr. 0-9042. 

N-Phenylpyrrole C 4 H 4 N-C 4 H,, obtained by 
distilling the anilides of mucic and saooharfc 
acids, melts at 62°. The homologues of pyrrole 
contained in bone oil are, however, all substi¬ 
tuted in the group C 4 H 4 . 

Pyrrole homologues may be prepared by 
Paul’s method, which cconsists in the condensa¬ 
tion of 7 -diketones (e.g. aeetonyl-aostone). Wtttr 
ammonia: T ' 
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CH.-CO-CH.'CHj-CO-CH, 

CH-CH NH, 


OH,lb l-CH, 

OH HO 


CH-CH 

ji i • 

CH a *C x/ (>C'H3 

NH 


By the action of benzalchlorido on pyrrole in 
presenoe of sodium a phcnylpyridine is obtained 
in which the phenyl is in the in eta- position to 
the nitrogen (Ciamieian and Silber, Ber. 20, 191). 

By reducing pyrrole with zinc and acetic acid 
A* pyrroline is produced (Bcr. 1901, 3952). 
Electrolytic reduction to the same substance 
may be effected by suspending pyrrole in dilute 
sulphuric acid in the cathode cell of an electro¬ 
lytic apparatus, the cathode being lead, and 

C ing a current of density 1 amp. per sq. cm. 

lologues may be similarly reduced (I). R. P. 
127086, 1902). The stronger reduction of 

pyrrole, by means of hydr.odic acid and phos¬ 
phorus, or by passing pyrrole vapour mixed with 
hydrogen, over reduced nickq) at 180°, converts 
it'into pyrrolidine (tetrahydro pyrrole) 0 4 HfN. 
Nascent hydrogen converts pyrrole into 


NO,C.H 4 *CH: GH‘CO a H-f 2KHO+4H 

* 

or from* <f-aminophenylacetamide by mtemal 
condensation to the amino-indole and subsequent 
reduction with sodium amalgam (Pschorr). 

It crystallises in colourless lamina*, melts af 
52°, and is soluble in hot water. It behaves as a 
feeble base. On treatment with ssdium ethoxide 
and chloroform it is converted into quinoline. 
The indole molecule is rather difficult to oxidise, 
without more or less complete decomposition, 
but if it be first converted into 1-benzoyl indole 
then on oxidation in acetone solution by 
potassium permanganate it yields bonzoyl 
anthranilic acid readily, from which anthranilio 
acid is easily obtained by hydrolysis. In a 
similar manner halogen substituted indoles can 
be obtained by the direct action of halogen on 
the benzoyl indole in carbon bisulphide solut^m, 
followed by hydrolysis of the benzoyl group with 
aqueous ammonia (Weissgerber, Ber. 1913, 40, 
.051). When large quantities of indole are 
I distilled, a small quantity boiling residue 

is left behind, this is a trimcric form of indole 


pvrrolino C 4 H 6 NH, a liquid boiling at 91° which { (Keller, Ber. 1913, 40, 720). Substituted indoles 
dissolves easily in water. It yields, with nitrous j may be prepared l)y # the action of heat and a 
acid, a mtrosoamine C 4 H # N\NO, m.p. 37°, j catalyst (zinc chloride or cuprous chloride) on 
and on heating with methyl iodide gives methyl- the hydrazoncs of aldehydes and ketones e.g. 
pyrroline (Bor. 10, 1536). | methyl ethyl ketone phenylkydrazone at 

Pyrrole is readily oxidised to maleiinide j 180°-230° with a trace of cuprous chloride yields 


C 4 H 3 O s N, winch forms faintly yellow crystals, 
melting at 93°, and readily yields a dibromide , 
melting at 2?6° under the influence of light and 
bromine water (Atti. R. 1904, (v.) i. 489). 

The action of formaldehyde, and methylene 
chloride on pyrrole is described by Pictet and 
Rilliet (Ber. 1907, 1106). 


2*3-dimethyl indole (Arbuzor, J. Russ. Phys. 
Chem. Hoc. 1913, 45, 70). Primary and 
secondary amines on condensation with 
mesoxalic esters also yield substituted indole 
derivatives; thus from aniline, dioxindole-3* 
carboxylic acid is obtained, from which dioxin- 
dole results on hydrolysis of the carboxylio 


By the action of diloroform in absolute ether I acid ester in the absence of air (Guyot and 


on the potassium derivative of pyrrole, /3-chloro- 
pyridine is obtained. 

Pyrrole derivatives condense with aldehydes 
under the following conditions: (1) When the 
derivatives contain at least one hydrogen atom 
combined with a carbon atcJm of the nucleus, 
either in the a- or /?- position ; (2) when both 
a- and /3- positions are occupied by substituents, 
no combination occurs eve% if the iminie hydro¬ 
gen is present; (3) pyrrole derivatives containing 
more than one CH group in the ring may com¬ 
bine with aldehydes in molecular proportions (Ber. 
1902,1647). On the constitution of the tripyrrole, 
obtained by passing dry hydrogen chloride into 
a benzene solution of pyrrole, see Tsehelincev, 
J. Russ. Phys. Chem. Soc. 1^15, 47*1224. 

* Indole C,H 4 <^^>CH is obtained by dis¬ 
solving pyrrole in 10 p.c. sulphuric acid, allow¬ 
ing the mixture to stand 1-2 hours, and then 
Stilling in steam alter adding exoess of Bodium 
hydroxide. Diethyl indole prepared by this 

f recess is a viscid ill-smelling oil, boiling at 

70°-310° (D. K. P. 125489). 

Pyrrole may also be converted into jpdole 
by dissolving in dilute hydrochloric acid, 
adding Blight excess of t ammonia, filtering, 
ejeteaoting the filtrate twice with ether, and 
heating the tripyrrolin* obtained in the extract 
to above 800°, when indole and pyrrole result 
(Ber. 1894, 476). . 

Indole may also be obtained by the redaction 
ei e-nitrophonyl acetaldehyde, by fudbn of o-ni- 
taodimamk add with iron and caustic potash 


Martinet, Compt. rend. 1913, 156, 1625) 
(HO),C-COOH. 
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Pyrrole may be converted into tetramethylene 
diamine as follows. On treatment with hy- 
droxylamino, a solid compound, probably the 
dioxime of succinaldehyde, is formed, and this, 
by reduction with sodium and absolute alcohol, 

| yields tetramethylene diamino. 

Pyrrole derivatives of the constitution 
EtOjC'C—CMe 

j N'C.H.NO, 

HC=CPh 

have been synthesised from the three nitro* 
anilines by the action of ethylphenacyl acetate 
(Ber. 1907, 1343). 

In addition, a large number of pyrrole 
derivatives lias been synthesised by Paal and 
Braikoff.(Ber. 1890, 1086, and also Ber. 1886, 
558,3156). # 

The physiological action of pyrrole and for 
derivatives is characterised by tneir paralysing* 
action on the peripheral nerves connected with 
the mechanism of the heart. By the introduc¬ 
tion of a side group, such as, for instance, the 
inactive pyridine ring, the physiological effect is 
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greatly intensified. The action of 1-methyl 
pyrrolidine resembles that of nicotine, atropine, 
or cocaine, as mSght bo anticipated £rt)m their 
similarity of constitution (Chem. Zentr. 1902, 
ii. 390). , , , 

* Chloro- and Bromo- Pyrroles. Sulphuryl 
chloride in excess acting on an ethereal solution 
of pyrrole at .0° produces pentachloropyrrole m 
noarly theosotical yield ; b.p. 209° or 142°^15 mm. 
If two molecules only of sulphuryl chloride are 
used, followed by bromine (2 mols.), chloro- 
tribromopyrrole C 4 NHBr 8 Cl is obtained, which 
separates from light petroleum in large prismatic 
masses of a pink colour. 

Sulphuryl chloride (3 mols.) followed by 
bromine (1 mol.) gives dichloroihbromopyrrole 
C 4 HNCl 2 Br 2 , which crystallises in large shining 
scales decomposing just above 100° ((Jazz. ohim. 
itaf. 1902, 313). 

*■ OOl: 00k 

Trichloromonob romop urrole | /NH 

CBr:C0K 

may be obtain^b-^iy the action of sulphuryl | 
chloride and bromine on ethereal solution ot j 
pyrrole at 0°. It crystallises in monoclimc 
prisms with yellowish-red t rcllex, turning brown 
at 105°, anvUnelting and'decomposing at 115 U 
(Gazz, chim. ital. 1902, 313 ; 1904, ii. 178). 

Monohalogen derivatives of pyrrole may be 
prepared by the action of magnesium methyl 
' iodide on a secondary pyrrole, followed by 
halogen at,low temperature (Hess and Wissmg, 
Ber. 1914, 47, 1410). 


Ur 

Q ° r U.MgX \/Br + MgX Br 
NMgX NH Nit 

These compounds are very unstable, and de¬ 
compose even on keepmg; thus, bromo- 
pyrrole explodes violently even when kept in a 
sealed tube, decomposing mto carbon and 
ammonium bromide. 

The dlmethylpyrrole contained in the fraction 
of bone oil boiling above 150° has been obtained 
synthetically as follows: By the action of am¬ 
monia diacctosuccmic ether, the ether of 
dimethylpyrrole diearboxyhc acid is obtained. 
This, on saponification, yields the acid, and, qn 
halting, carbon dioxide i> split off, leaving di- 
methy [pyrrole. It has the composition 
CH—C’CHj 

i / NH 


CH=CCH, 

and is an almost colourless oil boiling at 165°. 
It is very volatile with steam, colours a pine 
splint an intense red, and yields on boiling with 
acids a pyrrole-red Bimilar to other pyrrole 
homologues. 

Pyrrolecarboxylic acids C 4 (NH)H 3 C0 2 H. The 
a-acid is obtained from a-homopyrrole by fusion 
with potash or by the action of tetrachloride 
of carbon and alcoholic potash on pyrrole. It 
melts at 191°, and differs from the acid in 
forming a soluble lead salt. On heating with 
acetic anhydride, the substance py roc oil 
• C 4 H 8 =N—CO 

** • 1)0—N=d),H, 

is formed, whioh is a product obtained by dis¬ 
tilling gelatine (Ber, 17, 103). 

/SdPyrrolewurboxylle acid is formed by fusing 


/3 -methylpy rrole with potash. It orystallises in 
fine needles, melting at 162°, and forms an in- 
sol* bfe lead salt. 

W-Aeetylpyrrole 0 4 H 4 N-C 2 H 8 0, obtained by 

the action of acetyl chloride on potassium 
pyrrole, is an oil boiling at 178°. It is decom¬ 
posed by alkalis into pyrrole and acetic acid 
(Ber. 10, 2352). 

C-Acetylpyrrole C 4 H 3 (0.,H 3 0)(NH) is formed, 
together with the foregoing, by acting on pyrrole 
with acetic anhydride. It melts at 90° and 
boils at 220°, but is not decomposed by alkalis. 

A di-indole has been obtained from di-(ortho- 
nitrophenyl-bromo) ethylene by reduction with 
stannous chloride to the corresponding di-amino 
compound, followed by elimination of hydro- 
broime acid, first by boiling for a short time with 
alcoholic picric acid and subsequently with 
alcoholic potash (Ruggli, Ber. 1917, 50, 883). 



Pyridine C 6 H 6 N is contained in that fraction 
of the basic oils of bone oil which boils below 
120°, but is also found in smaller quantities in 
tho higher fractions. It can be separated in 
theso b$ means of its piciuto 

V J6 H 6 N,C 6 H 2 (N0 2 ) 3 0H 

which melts at 162°. It is not easily acted on 
by oxidising agents, and can be separated by 
this means from the other components of the 
fraction. 

It is formed from all pyruhneoarboxylic 
acids by distilling with lime. 

The following are somo of the synthetic 
methods for preparing pyridine and its homo¬ 
logues :— 

1. Hydrocyanic acid and acetylene when 
passed through a red-hot tube yield pyridine 

t- 2C 2 H 2 +HCN=C 6 H 6 N 
(Ramsay, Ber. 10, 730). 

2. Isoaipyl nitr.te when heated with phos¬ 
phoric anhydndo yields pyridine # 

C 6 H n 0N0 a +3P 8 0 B =C 6 H o N-f 6HPO a 
(Chapman and {Smith, Ann. Suppl. 6, 329). 

?. Acrolein ammonia, on heating, gives off 
water yielding methylpyridine 

C # H 9 N0=C 6 H 4 (CH 3 )N+H 2 0 

4. The same compound is formed by heating 
allyl tribromide with alcoholic ammonia at 250° 
lC,H,Br 1 +NH,=O,H l (OH,)N+0HBr 
,, 5. Glycerol and acetamide, on heating with 
phosphorus pentoxide, yield methylpyridins 
(Ber. 15, 528). « 

0. Potassium pyrrole, on heating with chloro¬ 
form. yields chloropyridine. 

7. Ethyl aoetoacetate, heated with aldehyde 
ammonia/ gives dihyorocollidine - dicarboxylie 
! ester 
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^ H <Sa + OH,-CH<OH ' 

m „ , ■ =:^H a N(CH 8 ) a (CO a C a H 6 ) a 4*3¥» 0 

(Ber. 17, 1521). , 

8. Guareschi has obtained compounds of the 
pyridono type by condensing alkyl aceto-acetic 
esters with cyanacctid esters and ammonia 
OH 3 -CO H 3 0*CN CH 3 C=_C*CN 

E(!m llIlH 

(JO-Olt ROOC CO—NH—00 

• HjNH 

9. Rukemann has also obtained the pyridono 
type by the condensation of alkyl diearboxy- 
glutaconic esters with ammonia 
RC , Cl 3 4-3CIlNa(COOR , )2 

=CH a (C00R') a +3NaCl 

-f(R'OOC) a C: CR*CH(COOR') a 
{R'OOC) a C: CRCHfCOOR'^+NH., 

=R'OOC*C==CR-CH*COOR / 

I # I 

CO-NH-CO-f 2R'*OH 

10. Ginnamenyhdine acctoxmie on distilla¬ 
tion is converted in a-phenyl-a'-methyl pyridine 

GH—CH—CH 


C e H 6 CH HON=C*GTl a 

CH—CII=C1I 
. II 2 0 + || 

C 6 H 6 C-.N=C*CH, 

11. Pyridine bases are obtained by the con¬ 
densation of ketones with acid amides (Pictet and 
Stohelin, Compt. rend. 1910, 102, 807); thus 
by heating acetone (2 mols.) with acetamide 
(1 mol.) at 250°, 2.4.6-trimothyl pyridine is 
formed, whilst tnpheqyl pyndme results similarly 
from acetophenone and benzamide. 

By heating a mixture of •glycerol and 
ammonium phosphate, a mixture of a largo 
number of pyridine bases is formed, 0-methyl, 
0-ethyl, probably 0-propyl, pyridine, besides 
pyridine itself and homopgjios of the diazmo 
C|H 4 N|, have been recogmsed (Stoehr. J. pr. 
Chera. 1892, 20). 

Pyridine is a liquid with a pungent smell, 
miscible with water; sp gt. 0*9855 at 15°, and 
0*9944 at 4°; and boils at 115*2”/700 mm. It 
forms a hydrochlorido C 6 H 6 N,HC1, and a platini- 
ehloride (C 6 H 4 NHCl) s PtCl 4 . Sodium amalgam 
yields piperidine, i.e. liexahydsppyridme, 
which is reconverted into pyridine on oxidation. 
It forms an ammonium iodide with alkyl iodides, 
and with chloraeetio acid a pyAdmo-betasne 
C 6 H 6 N^^q^>CO. By the action of sodium on 


pyridine a dipyridmo C 10 H l0 N 2 is obtained, an 
on boiling at 280 o -281°/744 mm., which on oxi¬ 
dation with permanganate yields iso nicotinic 
acid. Together with dipyridme, a body p-di- 
pyridyi is formed NC 6 H 4 *C 5 H 4 N, which melts 
at 114° and distils at 304°. It also yields wouico- 
tinio acid on oxidation, and on reductiofc with 
tin and hydrochloric acid forms isoniootine, 
which melts at 78° (Ber. 1#, 423). • 

Sodium reacts w^h pyridine at ordinary 
temperature (best in an atmosphere of nitrogen) 
to form dipyridine sodium (C 6 H.N) a Na, which 
on heating to 130° is transformed into pyridine 
sodium C«H s N*Na (B.aEmmert, B tf. 1914, 47, 
2598; 1910, 49, 1060). 


* • 

The isomeric m-dipyridyl is obtained from 
m-dipyridyldicarboxylic acid (by oxidising pheij- 
anthroli*.^. It boils at 2938, and yields on 
reduction with tin and hydrochlorio acid 
nicotidine C 10 H 14 N a , which boils at 228° (Ber. 
16, 252J). 

Piperidine between 180° and 250° is converted 
into pyridine in presence of nickel; pyridine, 
when passed together with Hydrogen over 
reduced nickel at 100°-180°, yields* amylamine, 
not piperidine, and this in poor yield. At higher 
lomperatures ammonia, pontane and lower 
hydrocarbons arc obtained (Sabatier and Mailhe, 
Compt. rend. 1907, 784). 

Pyridine may advantageously bo employed 
as a halogen carrier in halogenation of aromatic 
compounds (Cross and Cohen, Chem. Soc. Proo. 
1908, 15). . 

The compound of pyridine with methyl 
iodide, when added to a solution of the neces¬ 
sary amount of iodine in alcohol, is converted 
into pyridine mcthyl^entiodide C 5 H 5 N(MeI)l 4 , 
melting at 47*5°. Various „@thcr periodidcs 
are described by PrcsiUMw and Trowbridge 
(J. Amer. Chem. Soc. 1895, 859). 

Acetyl and benzoyl chlorides if quite pure 
do not react with pyridine in the presonce of 
anhydrous aluminium chloride, *but if a trace 
of thionyl chloride be introduced, then the normal 
ketone production takes place (Wolffenstein and 
Hartwich, Ber. 1915, 48, 2043). 

Double compounds with zinc bromide, 
nickel bromide, copper bromide, *and silver 
iodide, aro formed, but are rather unstable 
(Compt. rend. 1891, 622). 

Tho physiological action of pyridine is similar 
to that of piperidine, but more energetic. Both 
produce paralysis of tho motor nerves, by their 
elfeefc on the motor centres. There are also 
destructive changes in the blood corpuscles, and 
paralysis of the heart, especially in pyridine 
poisoning (Chem. Soc. Abstr. 1891, 603). 
It is excreted as methylpyridylammonium 
hydroxido (Chem. Soc. Abstr. 1893, ii. 544). 

Tho double compound oUpyridine with silver 
nitrate AgN0 3 *2C 6 H 6 N has been recommended 
by Witt as a ripening agent f<Jr photographic 
emulsions (J. Soc. Chem. lnd. 1904, 235). 
imppe-Cramer, however, denies that it has 
any advantages over the ordinary ammonia 
ripening (ibid. 1900, 197). 

Sulphurous acid esters of pyridine, which 
may bo obtained by heating under a reflux 
condenser with excess of a bisulphite solution, 
aie useful in the preparation of dyestuffs, and 
aro also used as medicaments (D. R. P. 208638). 

A pyndme-2.3-thiophen has been obtained 
in small quantity by the application of the 
Skraup reaction to 2-aminothiophen, using 
2-nitiotkiophen as the oxidising agent 



N S 

(Stoinkopf and Lutzendorff, Annalen, 1914, 403, 

45). 

On heating pyridine with concentratfd sul^ * 
phurio acid to,300°, B-pyridine-sulphonic aoidis 
obtained. The sodium salt of this acid, disti Wft 
with potassium- cyanide, yieltla 0-pyridyi 
cyanide, which on hydrolysis forms nicotinic 
acid. 
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Sulphonation of the pyridine nucleus can be 
(tarried out more readily in the presence of 
vanadyl sulphate'. < 4 

Pyridine may bo directly nitrated by heating 
, with a mixture of fuming nitric and fuming 
Sulphuric acids. Pyridine nitrates more readily 
if an amino group is present, e.g. 2 -amino- 
pyridine nitrates nearly as readily as aniline. 
The nitro pyridines resemble the nitro-sinlines, 
are yellow in colour and feebly basic. 

Pyridine may be estimated in aqueous 
solution by heating with excess of gold chloride 
and dilute HC1, evaporating to dryness and 
heating the ppt. after repeated washing with 
pure dry ether. The ppt. has the composition 
C 5 H 6 N‘HC1AuC1 8 (Compt. rend 11)03, 324). 

Pyridine can be represented as a benzene 
ring in which one CH group is replaced by mtro- 
gei^ according to the following scheme:— 

4 


/°V 

6 C ''CtS* 

II I or 
GC 0 2 

V 

r* 



N 


Tile positions 2, G, and 3, 5 are known as 
ortho- and meta-, and 4 as tlio para- position. 
Hence three mono- denvatnea of pyndme are 
possible. The position of the substituting gioups 
in these isoinerides has been proved by means 
of the phenylpyridines obtained from the naph 
thaquinolines (Monatsli. 4, 437 ; Bcr. 17, 1518). 


Hydroxy- Derivatives of Pyridine. 

The three possible hydroxypyridines are 
known:— 

a-Hydroxypyridjne, a-pyridone, by distilling 
the silver salt of hydroxyquinolinic acid ; melts 
at 107°, and is coloured red by ferric chloride. 

/3-Hydroxypyridine is formed from the 0-sul- 
phonic acid by fusing with potash. It melts at 
123°, and is also coloured red by ferric chloride 

7 -Hydroxypyridine or 7 -pyridone (which is 
probably not a hydroxyl- but a carbonyl- com¬ 
pound) is obtained from h^droxypicolinic aci^ 
with evolution of C0 2 . It melts at 148° or at 
62° in the hydrated form, and is coloured yellow 
byUerric chloride (Bor. 17, Ref. 109). 

Amino- Pyridines. 

Of the three possible aminopyridines, two 
have been definitely isolated. 

1. —Atyinopyridine iB formed by the distilla¬ 
tion of 2-aminopyridme-5-carboxvlic acid. It 
melts at 56° and boils at 204*. It is not 
diazotisable, but on treatment with concen¬ 
trated hydrochloric acid and nitrous acid yields 
2 -chloropyridine. 

2. — Aminopyridine is formed by the action of 
sodium hypobromite on the amide of nicotinic 
acid, or bv the action of sodamide on pyridine 
below 120 ®, and decomposition of the resultant 
product with water; the further action of 
H^jtamide yields 2 ' 6 -di-aminopyridine, which 
wnwes wi,tn diazo-compounds (Tschiitschibabin, 
$, Russ. Phjs. Chem. Soc. 1914, 40, 1216). , 
It melts at 62° and boils at 250°-252°. It is a 
diazotisable base. 


Pyridine Monooarboxylic Acira 
C 6 NH 4 (C0 2 H). 

it-l*yridlnecarboxyUc acid ( 2 - or ortho-), 
picolinic acid was first obtained by oxidising 
a-picoline. It is easily soluble in water, crystal¬ 
lises in white needles, melts at 137°, and sub¬ 
limes. By the action of sodium amalgam, 
ammonia is given off with the formation of an 
acid C b H 8 0 8 (oxysorbinic acid). . 

0-PyridlnecarboxylIc acid (3- or meta-), called 
nicotinic acid from the fact of being first obtained 
by oxidising nicotine, is also obtained from 
0-methyl- or ethyl-pyridine, from jS-pyridyl 
cyanide, and from three dicarboxylic acids 
of pyridine (quinolinic acid, cincnomeronio 
acid, * and isoemchomeronic acid), which on 
heating give off carbon dioxide. It crystallises 
m needles and molts at 232°. It is readily 
soluble in hot water and in alcohol, but is 
insoluble in ether. 

7 -PyrIdinecarboxylic acid (4- or para-), *>o- 

nicolinic acid is obtained from cinchomeronic acid 
arid £ : 4-pyridinedicarboxylic acid on heating, 
and also by the oxidation of all 7 -substituted 
pyridines. It melts at 299’5° with sublimation 
or at 315° in a closed tube, and crystallises from 
hot water in fine needles. 

Hydroxyfyridine-monocarboxylic Acids. 

Several of these acids have been prepared 
cither synthetically, c.g. by heating komanic 
acid 0 6 H 4 0 4 with ammonia, or from the dicar¬ 
boxylic acids by splitting off 1 mol. of carbon 
dioxide (Bor. 17, 589). 

Komenaminic acid C 6 NH 2 (OH) 2 OOOH,2HoO 
is obtained by boiling komenic acid C.H 4 0 8 
with ammonia, It decomposes at 270° into 
carbon s dioxide and dibyefroxypyridine. 

‘ ft 

Pyridine-dicarboxylio Acids C 6 NH 8 (C0 1 H) 2 . 

The acids of this typo may be obtained as 
follows:— 

1. By the oxidation of disubstituted pyri¬ 
dines, containing aliphatic side chains; or of 
nionosubstituted monooarboxylic acids. - 

2. By heating the tricarboxylic ac^j. ^ 

3. By the oxidation of quinoline and its 
homologues. 

4. By the oxidation of various alkaloids 
(cinchonine, oinehonidinc, &c.). 

Quinolinic acid (a0- or 2:3-) is formed by : 
oxidising quinoline. It decomposes and softenB 
at 190°-195^, solidi^s at 200°, and melts again 
at 231°. It (lecom^oses on heating into carbon 
dioxide and nicotinic acid. * 

Cinchomeronic acid ( 67 - or 3 :4-) is formed by 
the oxidation of the quinine alkaloids with nitric 
acid, or from &y -methylpyridinecarboxylic acid 
on oxidation with permanganate. It melts at 
259°, decomposing into carbon dioxide, t*o- 
nicotinic acid, ana some nicotinic acid. 

Lutidinlc acid ( 07 - or 2 :4-) is obtained, to¬ 
gether with some wocinchomeronic acid, by 
oxidising lutidine. It melts at 239°-24<r 
(Voigt, Annalen, 226,. 54), 235° (Ladenbnrg, 
Annalen, 247, 27), decomposing into carbon 
dioxide and tsoniootinio acid. 

/loeinchomeronlc acid (&a-) melts at 236°,. 
decomposing into carbon dioxide and niootimo 
acid (Werdcl and Herzi* Wiener Akad. B. 187f, 
825). 



Diearboxyllo acid {$$'■) or Dtaicotinic acid- i 
“By heating to 150° 3 -pyridine tetracarboxylic | 
acid obtained by oxidising the lutidincarbofylie 
acid, prepared by the condensation of wobutalde- ! 
hydo etnylacetoacetate and ammonia. The 
acid does not melt at 285° (Hantzsch and Weiss, 
Ber. 1886, 19, 284). * 

Dicarboxylic acid (oa ) or Dipicolinie acid. 

Obtained by oxidising 2 : 6 -dimethylpyridino. 
It melts at £43° (Epstein, Annalen, 231, 32), 
decomposing into carbon dioxide and pyndine. 

H YDEO X YP YRIDINK - DICAR BO X YLIC AciDS 

C 6 NH 2 (0H)(C0 2 H) 2 . 

Hydroxyquinolinic acid [OH: (CO,H) 2 -^ 
(<*': a : 8 )]. By fusing quinolinic acid with 
potash. It blackens without melting at 254° 
(Ber. 16, 2168). Heated with water to 195° it 
decomposes into carbon dioxide and hydroxy- 

f yridinecarboxylic acid. Its silver salt on 
eating yields o-hydroxy pyridine (Ber. 17, 590). 
Ammoniochelidonlc acid ;s obtained by heat¬ 
ing ehelidonic acid with ammonia. • * 

Pyridine-tricarboxylic Acids C 6 N H a (CO a H) 3 . 

a/3y-Tricarboxylic acid, Carbocinchomeronic 
acid, is formed by completely oxidising the 
quinine alkaloids, also from 7 -methylquinolino 
and from y-quinolinecarboxylic acid. It loses 
lJHjjO (of crystallisation) at 115M20 0 , and 
melts, if quickly heated, at 250° (Annalen, 
204, 308). 

a/^-Tricarboxylic acid, Carbodinicotinic 
acid, is obtained from /3-quinolinecarboxylic 
acid. 

The six tricarboxylic acids theoretically 
possible are known and characterised. 

Pyridine tetracarbox ylic Acids 
C 6 NH(CO a II) 4 . * 

a'fo'jS'-Tetracarboxylic acid. By oxidising 
the lutidinedicarboxylic acid formed by tho 
condensation of tsobutylaldehyde with ethyl 
acetbacetate and ammonia (Hantzsch and Weiss, 
Ber. 19, 284). 

The acid obtained by oxidising eollidine- 
monocarboxylic acid crystallises with 2 mole- 
oules of water. It does not possess basic pro¬ 
perties. Energetic oxidation converts it into 
oxalic acid. 

Pyridine-pentacarboxylic acid C*N((JO a H ) 6 
'"from trimethylpyridine-dicarboxylic acid. Crys¬ 
tallises flora water with JJH a O. Decomposes 
without melting about 20Cr. • 

• 

Halogen Derivatives of Pyridine. 
H’Chloropyridine results from tho action of 
PCI. on a-hydroxypyridine ; is an oil boiling at 
1607714 mm. (Ber. 1891, 3150). 

p-Chloropyridine. By the action of chloro¬ 
form or carbon tetrachloride on potassium 
pyrrole (Ber. 14, 1153) is an oil; b.p. 148°/743 
mm. . 1 

Dichloro- and trichloro-pyridine are known. 
A dibromopyrxdive {$&') has been obtained 
by acting on collidine-aicarboxy lie acid with 
bromine and afterwards removing the carboxyl- 
groups (Pfeiffer, Ber. 20, 1349). It is identical 
with that obtained by acting on pyridine with 
bromine (Hofmann, Ber. 12, 988). • 
t* a-Picoline is transformed by aoetio anhydride 


into piedide C, a H u O a N, which on heating with 
hydrochloric acid yields pyrindde OjHjN, on 
isomeriie»of indole. • 


Ac=ch 

i^/N—0H^ CH 


(Scholtz and Fraude, ‘Ber. 1913^46, 1069). 


* Homologues of Pyridine. 

Picoline [a-mcthylpyridine) C # NH 4 (CH 8 ). This 
base is separated from that portion of bone 
oil which boils between 130° and 145°. On 
subjecting this to redistdlation, the greater 
part of the oil comes over between 133° and 
139°. It is not possible to effect a separation 
of tho bases by means of fractional distil¬ 
lation, but a difference m the solubility of the 
platinum salts of tho two bases furnishes a 
means of separating them. According to 
Ladenburg (Ber. 1881^ 47), commercial picoline 
consists of throe bases: a-mothvlpyridine, a 
little 8-methylpyndine, ar»^-’probably aa'-di- 
methylpyndine. The 6amo observer (Ber. 
1885, 51) lias also noticed the presence of 
pyridine in this fraction. It can bo separated by 
means of its picratc/which melts at 162°. 

Picoline boils at 128 - -8°/76() > mm.; is an 
optically inactive oil, and on oxidation* yields 
picolmic acid (v. supra). 

jS-Methylpyridine may be synthetically pre¬ 
pared by heating acetamide with glycerol and 
phosphoric anhydride. It boils at 143‘5°, and on 
oxidation yields nicotinic acid. It also differs 
from the a-denvative in being slightly lacvo- 
rotatory. Landolt shows this effect to be due to 
errors in manipulation (Ber. 1886, 157). 

7 -Methylpyridine does not appear to be 
contained in bone oil. It has been obtained 
synthetically by the action of heat on acrolein- 
ammonia, and also from allyl tribromide; b.p, 
143 l°/760 mm. 


PIcoline monocarboxylic Acids 
C 5 NH 8 (CH#)C0 2 H. 

Picolioecarboxylic acid ( pyrtdine-a?methyl-y - 
carboxylic acid) is formed from uvitonic acid, 
the product of condensation of pyruvic acid 
and ammonia. It sublimes without melting, 
and yields on oxidation a: 7 -gyridinedicar- 
boxylic acid. 

87 -Methylpyridine carboxylic acid 

(CH 8 : C0 2 H —7 : /?) is obtained by heating 
methyiqumolmic acid to 180°-185 3 , It melts 
at 212° (Aim. Chim. Phys. [5] 27, 493), and 
yields on oxidation cinehomeronic acid. 

Six of the ten possible picoline monooar- 
boxylic acids are known and characterised. 

PlCOLlNE-DICABBOXYLIO ACIDS 

C,NH a (CH $ )(CO a H) a , 

Methylquinolinio acid ((CO a H),: CH 8 ««j 87 ). 
By oxidising 7 -methylquinoline with perman¬ 
ganate. It melts at 186°, giving carbon dioxide 
and 7 -methyl- 0 -pyridine-oarboxyiio aoid. 

Uvitonle acid r(CO a H) a : CH 8 =a 7 a'> is the 
condensation produot obtained from pyruvic 
acid and alcoholio ammonia. It melts at Ttm, 
splitting up into carbon dioxide and picoline* 
oarboxylio aoid. 

Picoline-diear boxy lie add, from aldehydine, 
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the condensation product of ethylidine chloride 
and aldehyde ammonia. It sublimes easily 
without melting, t t » 

Three other isomerides are known. 

A piooline-tetraoarboxylio acid is also 
obtainable from the dicarboxylic acid of collidine 
by oxidation of the methyl- groups with perman¬ 
ganate. Lutidipe-tricarboxylie acid is formed 
as an intermediate product. ^ 

Lutidine (dimdhylpyridtne). The bases hav¬ 
ing this constitution are mainly contained 
in that portion of the basio oil boiling 
between 15O°-170°. Aftor redistilling, it is 
separated into the two fractions 150M60 0 
and 160*-170®. The position of the methyl 
groups in these two fractions is determined 


by means of the oxidation products formed. 
The first* fraction yields on oxidation wocin- 
chomeronic acid, which melts at 230°. On 
heatAag, carbon dioxide is split off and nicotinic 
acid is formed. From tins is inferred that the 
position of the two methyl groups is a'Q. The 
higher fraction yi^|slutidinic acid on oxidation, 
and this, on heatingTg., r es tsonicotinic acid, from 
which it follows that tho methyl- groups have the 

S sitions ay. All the acids give pyrijlmo on 
itillation with lime. According to the re¬ 
searches of Latlonburg and Roth {Ber. 18, 49), 
the fraction 139°-142° also contains a lutidine, 
which was separated by means of the mercuric 
chloride salt, melting at 180°. This was de¬ 
composed with potash, and distilled, when, 
after drying an oil was obtained which boiled 
at 142°-143°, and yielded on oxidation with per¬ 
manganate a dibasic acid which is identical 
with that obtained from synthetical lutidine 
prepared by condensing cinnamic aldehyde, 
ethyl acetoacetate, and ammonia (Epstein, 
Annalen, 231, 1). Its sp.gr. is 0*9545, and b.p. 
143°. L 


The constitution of the 0-lutidine is 


<: 


ch 3 

> 

CH a 


(Ladenbwg and Roth). 

By distilling dimethyl pyridine dicarboxylic 
acid with lime a 91 p.c. yield of 2 : 0-lutidine 
can be obtained. - This method appears to be 
the most convenient way of preparing puie 
lutidine (Mumm and Iluneke, Ber. 1917, 50, 
1568; 1918,51,150). 

The isomeric a, ft and 7-ethyl pyridmes are 
also known, the ft and 7-forms being produced 
when cinchonine or brucine are distilled with 
caustic alkali, and the a-form on heating 
pyridinium "ethyl iodide to 290°. 

Lutidlne-monoearboxylic acid (aa -dimethyl 
nicotinic acid). Obtained by distilling lutidine- 
dicarboxylic acid (Weiss, Ber. 19, 1308). It 
crystallises in fine needles melting at 160°. 

Lutidine-diCarboxylie acid (ou '-d methyl-ft ft'- 
dicarboxylic acid). Obtained by the condensa¬ 
tion of taobutylaldehydo, ethyl- aceto-acetate, 
and ammonia (Engelmann, Annalen, 231, 51; 
jiantz^h and Weiss, Ber. 19, 284). 

Lutldlne-trlcarboxylic acid {ay-dimethyl-ft a 'ft'- 
Wttorbozylic acid) is formed by the oxidation of 
ooliidfhe- dicarfcoxylic acid with permanganate. 

a-Lutidlne(2 :4 -dimdhylpyridtne). Separated 
by adding mercuric chloride to a solution in hydro - 


ohloric acid of the bases boiling at 158°-160®. The 
salt has the composition C 7 H g N,HCl,2HgCl 2 ? 
and {pelts at 127°. On distilling with potash, the 
salt 1a decomposed, arid the base, after drying, 
boils at 157°. its sp.gr. is 0*9493 at 0°/4°. It yields 
a pyridine-dicarboxylio acid on oxidation with 
permanganato, and the acicf molts at 235®. This 
is known as a-lutidinio acid or ay-pyridine- 
dicarboxylic acid, sinco on heating carbon dioxide 
is given off and isonicotinic acid is formed. 
Hence a-lulidmo has the composition 



N 

(Ladenburg and Roth, Ber. 18, 913). • 

Collidines ( y-colhdmc, trimethylpyridine) 

C 4 NH 2 (OH 8 ) 3 

may be prepared by distilling collidine 
dicarboxylic ester (obtained by oxidising 
tha condensation product of aldehyde ammonia 
and e{hyl acetoacetate) with lime. It boils at 
171 0 -172°, and has the constitution 

• ch 3 

/\ 

CH 3 i JvH,. 

K 

A base, C M Tl n N, has been isolated from 
tho fraction of bone oil boiling between 170* 
and 180°, but this has been shown by Weidol and 
Pick to be a 2-methyl-4-ethylpyridine from the 
fact of its giving on oxidation lutidinic acid melt¬ 
ing at 219°. The base is more soluble in cold 
than in hot water. Its sp.gr. is 0*9286 at 16-8° ; 
it boils at 177*8°/758 mnt. (Wcidel and Pick, 
Monatsh. *5, 6^6). These authors aro of opinion 
that Anderson’s collidine (Phil. Mag. 4, 9, 145, 
214) was impure. The base does not form any 
crystallised salts, and is not identical witli any 
synthetical collidine. 

- Aldchydine{2-in(Khyl-5-dhylpyridinc). Formed 
by the condensation of ethylideno chloride 
with ammonia (IWkopf, Bor. 18, 921), by heat¬ 
ing an alcoholic solution of aldehyde-ammonia 
to 120° (Baeyer and Ador, Annalen, 155, 294), 
and as a decomposition product of cinchonino 
or brucine when thoso alkaloids are distilled 
with caustic alkali. It boils at 176°, and has 
sp.gr. 0-93&9 at 0'74°. 

Of tho isomerides of collidine, a-normal 
propyl pyri^jno (c#!iyrine) is of considerable 
theoretical importance, owing to its relationship 
wilii the alkaloid conino ( q.v .). 

Collidine dicarboxylic acid is obtained by 
oxidising hydroeollidine-dicarboxylic acid with 
nitrous acid. The ester of the latter acid is the 
product of condensation of ethyl acetoacetate 
with aldehyde- ammonia. It yields on heating 
with lirao aa'y-trimethylpyridine. The acid 
yields .by successive oxidation of the methyl- 
groups riy permanganate tho following carboxy lio 
acids: 

Lutidine-tricarboxylic Acid 

Picoline-tetracar boxy lie acid 
. C # N(OH,)fCO,H) 4 , 



Pvridine-pentacarboxylic acid C 6 N(CO,H) a . 

* If one carboxyl- group be removed from the 
original acid and then it be oxidised, the foloying 
aoias are successively obtained:— • 

From collidine-monooarboxylic acid 
C 8 NH(CH 3 ) 3 CO a H the acids lutidine-dicarboxylie 
acid C.NH(CH 8 ) 2 (CCf 2 H) 2l picolinc-tricarboxylic 
acid C 6 NH(CH 3 )(C0 2 H) 3 , pyridme-tetracar- 
boxyiic acid C B NH(C0 2 H) 4 . 

Piperidine, hexahydro-pyridine, is obtained 
in small quantity by the reduction of pyridine 
with tin and hydrochloric acid (Konigs, Ber. 
1881, 14, 1856). A better yield is obtained bv 
operating in absolute alcoholic solution with 
sodium. It may be prepared from pyridmo 
in 95 p.c. yield by electrolytic reduction 
(E. Merck, D. R. P. 90308; Pip, Eng. Pat. 
21471). It may also be prepared by heating 
piporine, obtained from pepper, with soda lime, 
or by the reduction of trimethylene cyanide m 
alcoholic solution with sodium. It is a liquid 
smelling like pepper and ammonia, boiling at 
105‘7°, sp.gr. 0'8810 at 0°. * Miscible in o^l pro¬ 
portions with water. It combines with qumones 
to form dyes. J. v. Braun (1904) has shown that 
by bonzoylation of piperidine and subsequent 
heating with phosphorus pentachloridc to 250° 
the cyclic system is destroyed and a good yield 
of pentamethylene dichlonde is obtained, such 
l*5-dichloro-compounds being very dilhcult to 
obtain by ordinary synthetic methods. 


CH a CH 2 
CH 2 CH a 

-» 


CH 2 Cil a 

- Cll7cH a 
C,H 6 CN+C1(CH 2 ) B C1 


Its combination with hydroquinone, pyro 
catechin, and several otheft phenols, has been 
patented by Joseph Turner & Co., Ltd. (D. R. P. 
98465). 

An account of the physiological action of 
piperidine and allied compounds is given by 
Wolffenstein (Ber. 34, 2410). 

Piperidine guaiacolate prepared by the 
action of piperidine on guaiacol dissolved m 
.benzene or petroleum melts at 7£fc8°. It is 
used in the treatment of phthisis (Pharm. J. 
1897, 81), and is importi*t as combining the 
properties of a strong vascular *and nervine 
Fonio—piperidine—with an antiseptic guaiacol 
(TunnicliSe, Chem. Soc. Trans. 1898, 145). 

Various derivatives of piperidine have been 
synthesised by Ahrens (Ber. 1898, 2278). 

Quinoline. See Quinoline. 

Colouring Matters derived from Bone-oil j 
Bases. # 

1. From Pyrrole. A red dye may be obtained 
from pyrrole by treating cotton cloth, Viter 
dipping in a weak alcoholio solution of bitter 
almond oil (benzaldehyde), with alcoholio 
pyrrole solution, hydrochlorio acid, ferric I 
onloride, and gently warming. A black colour I 
is obtained by aubstitirtang cinnamon oil (cinna¬ 
mic aldehyde) (Chem. Zeit. 1890,348). 


Pine wood may be dyed red by moistening 
with hydrochloric acid, and treating with tke 
vapour <o& pyrrole. a 

Pyrrole blue may be obtained in two varie¬ 
ties : (a) by mixing pyrrole and isatin (1 mol. of 
each) in sulphuric acid, yielding the ‘ A»' 
variety; and ( b ) by operating in acetic acid 
under specified conditions, when pyrrole blue 
‘ B ’ i.j obtained with a certain ajnount of A. 
Pyrrole blue B has a metallic lustre, and is muoh 
less soluble than pyrrole blue A. Pyrrole blue A 
cannot bo acctylated, but on treating pyridine 
solution with acetic anhydride a small amount of 
the pyrrolo blue B derivative is obtained. This 
acetyl derivative dissolves in sulphuric acid 
to a magenta solution, which rapidly changes 
to a cornflower blue, owing to the formation of 
a disulphonic acid. This acid is very Bolublo 
in water and dyes silk blue (Liebermann and 
Hase, Ber. 1905, 2847 ; see also Ber. 17, 10.74). 

2. From Pyridine. Pyridine dyestuffs may 
bo obtained by diazotising aminobenzyl- 
pyndme, and combining with the usual com¬ 
ponents. Aminobenzylpjiidino is obtained by 
reducing the nitro- compound producod by the 
condensation of liitrobenzyl chloride and pyri¬ 
dine bases. These ’products dye tannin-mor¬ 
danted cotton, or wool and Cotton from an 
acid-batli (Farb. vorm. Meister, Lucifls and 
Brumng, Eng. Pat. 4545). 

When mixtures of pyridine (1 mol.) and 
aromatic amines (2 mols.) are acted upon by 
cyanogen chloride or bromido dyestuffs are 
formed practically quantitatively and very pure, 
with the elimination 1 moi. of cyanamide. 
They crystallise well, and vary from yellow, 
through orange and red, to violet, and dye silk 
in shades showing fine fluorescence; and some 
show marked affinity for un mordanted cotton. 
They are solublo in water with difficulty, more 
readily in acotic acid and alcohol, and in pyridine 
(W. Konig, J. pr. Chem. 1904, 105). 

3. From Piperidine. The quinones (benzo-, 
tolu-, naphtha-, phenanthra-quinones) interaot 
with piperidine, yielding colouring matters whioh 
are readily changed by acids and alkalis. The 
compound with benzoquinone (T^H 3 O^NC B H J0 ) 2 
forms thick, reddish-violet prisms with blue 
reflex, melting at 178°. Neutral or alkaline 
solutions are blood-red, acid solutions carmine 
(Lachowicz, Monatsh. 1888, 505). 

Isatin blue is derived from piperidine as 
follows: Dipiporidyl isatin is prepared bv 
heating an alcoholic solution of isatin (1 mol.) with 
(2 mols.) piperidine on the water-bath for an 
hour, and crystallising from alcohol. Isatin 
blue results from heating this compound to 
125°-160° in a current of air, or by agitating 
with acetio anhydride at 60° for some time ana 
pouring into water. It forms indigo-blue 
solutions in alcohol, ether, or aoetie aoid, and 
is insoluble in benzene or chloroform. It 
may be heated without change to 160®, but ia 
completely decomposed at 230® (Schotten, 
Ber. 1891, 1366). 

p-Aminophenyl piperidine, which may be 
compared with p-aminodimethyl Barulin®, 
reacts in many cases in a similar way to Jbh jg 
oompound. When oxidised with a primary, 
secondary, or tertiary amine, ind&nines, varying 
from blue to green are produced. Oxidised 
in the presence of meta-diamines, compounds 
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a»y be piecipitated by means of zinc chlorid* 
which dye ootton blue. 

With phenol, when oxidised with jtle theo¬ 
retical quantity of potassium ferricyanido, a 
blue indophenol is obtained. With naphthols 
violet colours result. Other colours are also 
described by Lellmann and Geller (Ber. 1888, 
2287). 

Literature —Anderson, Trans. Roy. S 09 . Edin. 
10, 403 ; 20, 247 ; 21, 219; 21, 571 ; Annalen, 
70, 32; 84, 44 ; 94, 358 ; 105, 335; Weidel, 
Sitz. Ber. 79, 837 ; 80, 443 ; 80, 821 ; 81, 512 ; 
90, 972; Ciamician, Ber. 1904, 4200-4255; 
Bamberger, Ber. 1891, 1758 ; and in general the 

S upers of the following: Ciamician, Dennstedt, 
oogewerif and van Dorp, Liebermann, Oechsner 
de Coninck, and Weidel. 

BONE PHOSPHATES t>. Fertilisers. 
BOOKUM or SAPPAN WOOD. An Indian 


wocC, the product of Ca&salpmia Sappan (Linn.). 
Used in dyeing reds. 

BOOMAH NUTS. The fruit of Pycnocoma 
macrophylla (Ben belonging to the Euphor- 
biaoe®. Used in tanning (Holmes, Pharm. J. 
[3] 8, 303). 

BORACIC or BORIC ACID v. Boron. 

BORACITE. Borate and chloride'of mag¬ 
nesium, 6Mg£ MgCl 2 *8B 2 0 3 , forming small, 
bright', sharply-developed cubic crystals of 
tetrahedral symmetry, in which the cube faces 
usually predominate. The crystals are interest¬ 
ing on account of their strong pyro-electrical 
characters, ftnd the optical anomalies which they 
exhibit. Each cubic crystal is built up of 
twelve rhombic pyramids, the bases of which 
coincide with the twelve faces of the rhombic- 
dodecahedron and the apices meeting in the 
centre of the group. At a temperature ot 
205° the birefringence and twin-lamellae dis¬ 
appear and the crystal is then truly cubic. This 
affords a good example of an onantiofcropic 
change in state, the cubic modification being 
stable only above this temperature. The 
crystals usually occur embedded in gypsum, and 
are bounded on all sides by bright facets. 
8 p.gr. 29-3*0, H 7 (as high as that of quartz). 
They are found in considerable numbers at 
Liineburg, in Hanover, and at Stassfurt, and 
elsewhere in the Prussian salt-deposits. A 
massive earthy variety, known as ‘ stassfurthifjp,’ 
occurs as nodules at Stassfurt in quantities 
sufficiently large for collecting for commercial 
purposes. J. L. S. 

BORAL v. Synthetic drugs. 

BORATES v. Boson. 

BORAX. As a mineral, borax (Na 2 B 4 0 7 , 
10H a O) is found as an efflorescence and as mono- 
Glinio crystals, sometimes of considerable size, 
on the shores of the salt-lakes of Tibet and 
California. In San Bernardino and Lake 
counties m California there are several places 
fcnqwn as ‘ Borax Lake *; but most of the 
borates commercially mined in this region 

The Tibetan deposits extend ^rom the lake- 
plain of Pugha in the west to the lakes of 
TengtfUNur in the east, and formerly, since very 
gyly , times, much orude material was exported 
latter flie same of tinoal (v. Boron.) ^ L. J. S. 

BBRDEACfX v. Azo- colouring matters. 
Lambert (ZeiUok. anal. Chem. 22, 40) detects 
this dye in wines by precipitating with basic- 


leftd acetate, and extracting the precipitate 
with alcohol ; the red solution thus obtained' 
is tujn3d yellow by alkalis. Wool heated with 
the wane withdraws its colouring matters. 

Bellier (J. Pharm. Chim. [5] 14, 7) describes 
a method of determining quantitatively the 
amount of this dye in wines. 

BORDEAUX MIXTURE v. Plant sprays. 

BORNEO CAMPHOR v. Camphors. 

BORNEOL v. Camphors ; Terpenes. 

BORNEO TALLOW is a generic term for 
a large variety of fats obtained from the kernels 
of a number of plants belonging to the Diple.ro • 
carpus family, such as Shorca stenoplcra (Burck.), 
Skorea aplera (Burck.), Hopea aspera (de Verise), 

I Pentacme siarnensis (Kurz), all of which aro 
indigenous to the Sunda Islands, Indo-China, 
and the Malay States. All the fats derived 
from these trees are also in commerce known 
under the native name of Minjak Tangkawaug 
(Tangkawang Fat). Minjak Tangkawang repie- 
sents a mixture of at least six fats, obtained from 
i six varieties of trees known to the natives as 
Tangkawang toengkoel, T. rambei, T. lagar 
(theso trees have a diameter of more than 3 ft.), 
T. goentjang (growing in swampy regions, and 
reaching a height of 22 ft., whilst the diameter of 
the trunk rarely exceeds 0 inches), T. madjan, 
T. termdak. The treos fruit only at irregular 
intervals, the nuts yielding, according to the 
species, from about 43 to 01 p.e. of fat. 

The fat is prepared by the natives in a 
very crude manner. In the ‘ wet process ’ the 
fruits are placed in baskets, immersod in water, 
and left therein for from 30 to 40 days. After 
that timo the shells are removed, the kernels 
are split into four parts, and these spread on 
boards, exposed to the sun to dry. The dried 
fruit is tjjicn pounded, boiled with water, and 
the liquid fat skimmed off and moulded in the 
intern odes of bamboo stems; hence the com¬ 
mercial samples have a cylindrical shape. 
The 4 dry protoss ’ consists in cutting the kernels 
into discs immediately after the fruit has been 
collected, drying the discs by exposure to the sun, 
and subsequently pressing. The fat obtained 
by the dry process yields the best product, 
which is largely usetHor edible purposes in the 
East. The kernels of the Shorea fruit (errone¬ 
ously described in commerce as ‘ Illipe nuts,* 
see Bassia Oils), are shipped to Europe, where 
they are expressed, and the fat is used in the 
manufacture of candles and as a substitute for 
cacao butter. Th^, commercial grades are 
described as * large black Pontianao illip^ nuts,’ 
and ‘large Pontiauac or Sarawak illipe nufS 
without guarantee of colour. ’ 4 Siak illipe' nufce * 
are smaller, and yield a softer fat; they are the 
product of a species of Palaquiim (N. . O. 
napotace.ee). 

In 1913, 8275 cwt. of illipd nuts, valued at 
£5954, were exported from Singapore, principally 
to Belgium, whilst small quantities were seat to 
tho United States and to England (Bull. Imp. 
Inst. 1915, 23, 335). 

Borneo tallow contain* considerable quanti¬ 
ties of steario acid. Samnles examined in the 
writer’s laboratory contained as muofa as 00 p.c, 
of stearic acid. The fat melts at J29°-38°; end 
has iodine value 31-35'9; and saponification 
value, 190*4-194*5. 'The insoluble fatty wads 
have a high melting-point, viz. 53°-fi8L and 



to ctmttsfc of 06 p.c; of stearic acid and 34 p.e. of 
okic acid. The fat separated from the kernels 
in Europe usually contains a high proporiicm of 
free fatty acids, the aoid value of the product of 
Pontianac nuts being as high as 35. 

The fats from Shorea Qhysbertiana and 
from Isoperta bometms have been described as 
Enkabang fat and Teglam fat respectively 
(Brookes, Analyst, 1909, 206). J. L. 

BORNESIT v. Glucosidbs. 

BORNITE. A sulphide of copper and iron, 
of importance as an ore of copper (Cu 45-71 p.c.). 
On a freshly fractured surface the colour is 
dark bronze, but this quickly tarnishes to purple 
or deep reddish; hence the names purple 
copper.ore, variegated copper-ore (Buntkup- 
fererz), erubescite, and the Cornish miner’s 
name horse-flesh-ore. Further alteration pro¬ 
duces a black sooty coating. The massive ore 
is always much intermingled with copper- 
pyrites, and even the rarely occurring cubic 
crystals usually contain a nucleus of copper- 
pyrites. The exact composition of the iqineral 
has therefore long been doubtful; analyses 
by B. J. Harrington (1903) and E. T. Allen 
(1916) of carefully selected material gave the 
formula Cu fi FcS 4 . This is the bomite of W. 
Haidin^er (1845): bomite of F. S. Beudant 
(1832) is an obsolete synonym of tetradymite or 
telluric bismuth. L. J. S. 

BORNYVAL. Pharmaceutical name for the 
wovalerianic ester of borneol 0 IO H 17 0*C 5 H B 0, 
a limpid fluid smelling like valerhn, insoluble 
in water, freely soluble in alcohol or ether; 
b.p. 250 c -i00°; Bp.gr. 0-951 at 20°,| !.)]„= 


27° 40'. 

BORQFORM. Trade name for a solution of 
formaldehyde in so<Jium glyceroborate. 

BORO-GLYCERINE. An antiseptic, patented 
by Barff (D. R. P. 18108; Eitg. Pat. 5906, 
1884), prepared by heating 92 parts glycerol j 
with 62 parts of boric acid at 200°. It is a 
yellowish, transparent Bubstance, soluble in 
aloohol and in 40 parts of* water. Used as a 

f reservative for fruits and wines (J. Soc. Chora, 
nd. 1, 244 ; 4, 362). 

BORON. B. At. wt. 10-90 Smith and van 
Haagen. An element usually reckoned among 
the metalloids, although it presents analogies to 
the metals, and has been placed by Etard 
(Compt. rend. 91, 627) at the head of the vana¬ 
dium group, intermediate between 4>he places 
of phosphorus and carbon ; is a triad in most of 
its known combinations, lipt is also capable of 
acting as a pentad (Michaelis and^feecker, Ber. 
ft, 58). Never occurs free; usually as boric 
acid, and in Beveral minerals, as borax or tincal, 
boracite, hydroboracile, rhodizite, eassolite, borocal- 
cite, boronatrocalcite, and botrydite, and in small 
quantities in schorl , datolite, tourmaline , apyrite, 
and axiniie. Minute quantities of boron are 
found in mineral waters ; in sea-water ; in plant 
ashes, and in animal tissues. 

The element was first isolated by GayiUussao 
and Th4nard in 1808, by heating boric oxide 
with potassium. According to Wohler ’and 
DeviUe (Ann. Chim. Jj&ys. [3] 62, 63), it may be 
obtained by mixing 60 grams of sodium in small 
pteioes with 100 grams of powdered boric oxide 
m an iron crucible, covering the mixture with 
a layer of 30 grams ignited aodiurr* chloride in 
gbe powder, and heating the whole to redness. 


After the completion of the reaction, whioh is 
very violent, the mixture is stirred with an iron 
rod, until, the sodium and sodium ohloride are 
fused, and carefully poured into dilute hydro¬ 
chloric acid, and the residue washed with water 
containing ammonium chloride (which salt 
is subsequently Removed by alcohol) and dried. 
Boron can also be obtained by heating potassium 
boroflqoride with potassium (Bprzelius), or 
magnesium (Wohler and Devillc); by the 
electrolysis of fused boric oxide (Davy ); by 
reducing boron trichloride by hydrogen (Dumas), 
or preferably with hydrogen in the high tension 
electric arc ; by fusing borax with amorphous 
phosphorus (Dragendorff); by heating boric 
oxide with magnesium, or calcium, and treating 
the residue with dilute hydrochloric acid. Boron 
may also bo obtained by the dissociation of the 
nitride, or of magnesium boride at high tempera¬ 
tures. 

Wohler and Dcville’s method gives a 
product containing, * in addition to boron, 
compounds of boron with * <dium, iron, and 
hydrogen, and bdron nitikie. The best method 
is that of Moissan, as modifiod by Weintraub 
(J. Ind. Eng. Chem. 1911, 3, 299 : 1913, 5, 106). 
Pure and dry bbric’oxide is intimately mixed 
with as much magnesium filings as will suffice 
to reduce one-third of it. The mixture isfplaced 
in an earthenware crucible in a furnace at a 
bright-red heat, when the reaction proceeds at 
once rather violently. Heating is continued for 
ten minutes and the mass allowed t6 cool. The 
middle portion of the mass, which is of a reddish 
colour, is mechanically separated from the sur¬ 
rounding black portion as completely as possible, 
and boiled with a largo excess of dilute hydro¬ 
chloric acid which removes the boric acid and 
borides of magnesium. The magnesium borate is 
removed by repeated boiling with strong hydro¬ 
chloric acid ; and the Bilica ^resulting from the 
disintegration of the crucible) by heating the 
residue in a platinum vessel with hydrofluoric 
acid. The residue is washed by decantation 
with water and dried. It^ then approximately 
pure, but still contains a small quantity of a 
magnesium boride which canndt be Yot rid of 
except by fusing the product with about fifty 
times its weight of &oric oxide, and repeating the 
above operations. 

The product when heated in vacuo, at a 
sufficiently high temperature, or when ^eated 
to bright redness in hydrogen with excess of 
magnesium or sodium, ana extracted succes¬ 
sively with water, hydrochloric acid and hot 
dilute nitric acid yields pure boron (Ray. Chem. 
Soc. Trans. 1914, 105, 2162). 

Boron has been produced by Weston and 
Ellis (Trans. Faraday Soc. 1907, 170) by the 
action of aluminium powder on boric oxide. 
If 2 raols. of boric oxide to 2 atoms of aluminium 
are used, the chief produot is boron, but with a 
smaller proportion of borio oxide aluminium 
boride is prodqped to a lftrge extent. 

Boron may be prepared electrolvtically as 
follows : A fused metallic borate is electrolysed 
between carbon poles separated so as to Jirewecti 
the boron floating to the cathode. By Ifaf 
use of a high-current density at the anoSe 
sufficient heat is generated to effect the reduction 
of the boric oxide which collects there (U.S. Pat. 
785962). 
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Commercial boron is purified by grinding 
the product obtained by heating borio oxide 
and magnesium r adth hydrochlorio adid, and 
quickly "'pouring off the upper liquid. This 
contains matter in suspension which holds 
fi higher proportion of impurities than does 
the residue at the bottom. This process of 
‘ fractional decantation ’ is repeated several 
times. The residual boron, which may still 
contain boron hydride, magnesium boride, 
boric oxide, and a borate, is compressed into a 
thick stick or cake, and heated to 1200 ° in a 
vacuum electric furnace, which either volatilises 
or dissociates all these impurities. The pure 
boron is then melted down in the arc in a 
current of inert gas, preferably hydrogen. The 
resulting boron is a dense solid substance which 
conducts electricity and is completely fusible 
without apparent volatilisation (British Thom- 
son-Houston Co., Eng. Pat. 1197, 1907). 

Colloidal solutions of boron have been prepared 
by Gutbier (Kolloid. Zcitsch. 1913, 13, 137). 

The amorpho'i.i-jioron described by Moissan 
, and others as a chestnut-coloured powder of 
sp.gr. 2 45 always contains oxygen, and appears 
to be a solution of a lower oxide of boron and of 
magnesium oxide in boron in the superfused 
liquid state; it is tasteless, odourless, staining 
the fingers strongly ; becomes denser on being 
heated in a vacuum or in gases which have no 
action upon it; not oxidised at ordinary 
temperatures in either air or oxygen; heated 
in air, it burns with a reddish light.*forming B 2 0 3 
and BN; burns with dazzling brightness in 
oxygen, forming B 2 0 3 . Boiling water has no 
action on it, but it is readily oxidised by strong 
nitric acid in the cold, and by sulphuric acid 
when heated. When heated to redness with the 
alkaline salts of oxyacids, yields an alkaline 
borate, the formation being frequently attended 
with incandescence, and in tho case of nitre with 
explosion. Heated with potash it forms po¬ 
tassium borate with liberation of hydrogen, and 
reduces the chlorides of lead, gold, mercury, and 
silver, and sulphide of load, chloride or sulphide 
of boron jhping farmed (Wohler and Deville, l.c .; 
and Annalen, 105, 72). Heated in nitrogen, it 
forms white boron nitride. It decomposes nitric 
oxide at a red heat, burning brilliantly and form¬ 
ing boric oxide and nitride, but apparently has 
no action on nitrous oxide. (Of. Kroll, Zcitsch. 
anorg*Chem. 1918, 102, 1.) 

Crystalline boron—the only pure form of 
boron—is a black solid of sp.gr. 2-34, almost as 
hard as diamond, and only inferior to it in 
toughness and strength. Melts at about 2200 c , 
ana has a sensible vapour tension at 1600°. 
Rapidly increases in electrical conductivity when 
heated. It may be obtained by placing 
3 parts of aluminium with 10 parts of fused boric 
Mjid in a gas-carbon crucible filled up with 
ignited charcoal and placed inside another 
crucible of graphite which is heated to 1500°, 
for five hours. The aluminium i» removed from 
:he resulting mass by means of fairly strong 
ioda, and the residue is then boiled out with 
fydrocfiloric and hydrofluoric acids. The re- 
dqtejxjntains some alumina which is separated 
neSfi^ 6 ally y far as possible, and completely 
3 y glacial phosphoric acid. Crystals may also 
W obtained by heating 2 parts of fused and | 
^pyrdered borax with 1 part of magnesium. I 


A commercial process has been patented % 
Kiihn (Chem. Zentr. 1904, i. 64). Boron com- 
pounds are mixed with sulphur and aluminium, 
and the mixture, whioh burns, ignited. Crystals 
of boron are found in the resulting mass, and are 
separated from it by extraction with water, 
which decomposes the Aluminium sulphide, 
forming aluminium hydroxide and H 2 S, and 
leaving the crystals of boron. 

It is only oxidised with very great difficulty 
in oxygon, and in air no change takes place even 
at 2000°. Molten potash or lead chromate 
oxidises it, with incandescence, but fused 
potassium nitrate docs not affect it. ‘ Boron 
diamonds ’ of the composition B 48 C 2 A1 3 (Hampe) 
(OoA1 3 B 44 , Blitz) may bo obtained by strongly 
heating a mixture of boron trioxide, sulphur,'* 
aluminium and soot. The fused mass gives a 
mixture of yellow transparent quadratic crystals 
mixed with black opaque orystals of A1B 12 , 
which can be separated by fractional flotation in 
a mixture of methylene iodide and benzene, the 
yellow quadratic cfystals being slightly heavier 
than the others. They are not attacked by hot 
strong hydrochloric or sulphuric acids, or by a 
solution of chromic anhydride in strong sul¬ 
phuric acid (Biltz., Ber. 1910, 43, 297). 

Boron may he introduced into steel, and the 
properties of tho boron steel so obtained have 
been studied by Osmond (Compt. rend. 110, 
242, and 346), by Moissan and Charpy (ibid. 
120, 130), by h, Guillet (ibid. 144, 1049), and by 
Hannessen (Zcitsch. anorg. Chem. 1914, 89,257). 
Boron steels are obtained either by heating 
amorphous boron with reduced iron in a current 
of hydrogen, or by adding crystalline boron to 
the molten metal. On hardening by heating 
to a knqwn temperature a.id quenching, boron 
6 t,eel b&aves like a high-grade hard carbon 
steel as regards increase in tensile strength, 
whilst the diminution in extension is not so 
great. The hardness of boron steel is not much 
affected by heating and quenching. The special 
effect of boron appears to be to communicate 
to the steel a high tensile strength rather than 
actual hardness when the metal is heated and 
quenched. 

Boron rapidly reduces manganese oxides in 
the electric furnace. With excess of oxide 
products containing up to 97 p.o. manganese 
may be obtained which are soft enoygh to be 
filed. WRh excess of boron, harder, granular 
substances result, containing up to 20 p.c. boron. 
From these„.a definite boride MnB may be 
isolated. It is a crystalline metallic powdp? 
attacked by halogens and oxygen at high ' 
temperatures, and by alkali hydroxides and 
carbonates at a red heat. Water or steam 
slowly decomposes it with evolution of hydrogen 
(Bmet du Jassonneix, Compt. rend. 139, 1209). 
The same author has obtained very similar results 
with molybdenum dioxide and boron (Compt. 
rend. J43, 169); and has also prepared two 
definite borides of chromium Cr a B 8 and CrB, 
by Rising together chrorqium and boron. They 

very stable towards reagents, * especially 
the former, but are decomposed by fused 
alkalis, and by ohlorine at a red heat. They 
are soluble in hydrofluoric, hydrochloric, and 
concentrated sulphuric acids (Compt. rend. 
143, 1149). ° The same author has also prepared 
Ni 2 B, NiB ff Co,B, and CoB, (Compt. reach 145, 
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240); and borides of zirconium, chromium, 


; ana oonaes ot vanadium, uranium %nd 
titanium by Wedekind, Horst and Jochera 
(Ber. 1913, 40, 1198). 

Compounds of Boron with Non metallic 
Elements. 

Boron hydrides are formed by dissolving 
magnesium boride in hydrochloric acid, or more 
easily by dissolving commercial ferroboron in 
dilute sulphuric acid. Spontaneously inflam¬ 
mable. Boron hydrides admixed with hydrogen 
are evolved, and an insoluble residue formed. 
The gases have a characteristic smell, and de¬ 
compose a moderately concentrated silver 
nitrate solution, forming a blackish-brown pre¬ 
cipitate with metallic lustre. They bum with a 
groen flame and form a mirror when passed 
through a red-hot glass tube (Hoffmann, Obem. 
Zeit. 1911, 35, 265). 

Four unstable hydrides have been isolated, 
B a H e , BJI 10 , B 6 H 12 , and a solid hydride 
B J0 H U . Boron hydride, B 4 H 10 , is a colourless 
liquid, b.p. lf»°-17°/7GO mm.; m.p. ca. - 112°, 
of a peculiar and most disagreeable odour. 
A few bubbles of the gas affect respiration and 
eause'iieadache. 11 is a very unstable su bstanee, 
decomposing at the ordinary temperature after 
a few hours, especially under the influence of 
ultra-violet light, and quicker at higher tempera¬ 
tures, giving rise to B 2 1 f # . It is similarly decom¬ 
posed by elpctric sparks. It takes fire spon¬ 
taneously in the air or in oxygen, burning with a 
green flamo. Water and dilute hydrochloric 
acid decompose it, and it is oxidised by concen¬ 
trated nitric acid witji oxplosive violence. It is 
rapidly absorbed by aqueous sodium hydroxide, 
the solution slowly evolving lijfclrogen. Am¬ 
monia gives a solid light brown substance, 
insoluble in water, whilst alcohol decomposes 
the hydride with evolution of hydrogen. The 
solution in bonzene is vesy stable towards 
oxygen. 

The hydride B 6 Hi 2 is a colourless liquid, 
b.p. 10°/15 mm. ca. J00°/7C0 mm., possessing a 
highly disagreeable odoiff and taking fire 
spontaneously in the air. It is more sensitive 
towards water and moisture than the hydride 
B 4 H] 0 . With aqueous alkalis, hydrogen is 
immediately evolved (Stock and' idassenoz, 
Ber. 1912, 45, 3568). 

B 2 H, is a colourless g&s possessing a cha¬ 
racteristic, repulsivo odour, resembling that of 
tffb hydride Ii 4 H I0 . B.p. -87° to -88°/760 mm., 
m.p. —169°. It is more stable than B 4 H J0 , . 
but decomposes slowly at ordinary tempera¬ 
tures. It only takes fire in the air when mixed 
with other boron hydrides. With alkalis, it 
reacts similarly to B 4 H, 0 ; with sodium 
hydroxide it gives solutions containing hypo- 
borates. 

The formula B 2 H 8 shows that boron nfust bo 
at least quadrivalent and not tervalent as a 
maximum** as it should *be according to* its 
position in the periodic system (Stock and 
Friederioi, Ber. 1913, 46, 1959). 

The solid hydride B 10 H U obtained by heating 
the other hydrides is a odourless substance with 
' a penetrating peculiar adour, dissimilar to that 
of the gaseous hydrides. It sublimes in a 


vacuum giving long needles, m.p. 99-5; D 0‘94. 
Not attacked by water, even when boiling, 
soluble <in alkaline hydroxide, giving intense 
yellow solutions (Stock, Friederici and Priesa, 
Ber. 1913, 46, 3353). 

All the hydrides when treated with caustic 
alkalis evolve . hydrogen and form alkaline* 
hypoborates : thus with potassium hydroxide, 
B 4 H ]0 -j-4KOII-r-4KOBH s -|-H 2 . TJie solutions 
of theliypoborates thus formed are stable for 
hours at 0°, but on boiling they decompose 
rapidly. Potassium hypoborate KOB.H s forms 
glistening, octahedral, colourless crystals which 
are stable in dry air. Jt is deliquescent, and its 
solutions gradually decompose at ordinary 
temperatures, evolving hydrogen and forming 
potassium borate. The aqueous solution is a 
strong reducing agent, giving with copper salts a 
precipitate of copper hydride, and with nickel 
salts black insoluble nickel boride, Ni 2 B (Slock 
and Jiuss, Ber. 1914,^47, 810. For action of 
halogens on the hydrides, see Stock, Kuss and 
Priess, Ber. 1914, 47, 3115). , 

Boramide B(Nn 2 ) 3 isWOrmed together with 
ammonium chloride by the action of ammonia 
on boron trichloride at a low temperature 
(doannis, Compt. rerftl. 135, 1106). 

Borimide B 2 (NH) 3 is a spoifgy white mass 
insoluble in most solvents. On heating it*begins 
to give oil ammonia at 125°-130°, and is com¬ 
pletely transformed into boron nitride at 
slightly higher temperatures. Jt is prepared by 
heating the compound of boron tridtilphide and 
ammonia B 2 S 3 ,6NM 3 for some time at 115°-120° 
in a current of hydrogen or dry ammonia (Stock 
and Blix, Ber. 1901, 3039 ; and Joannis, Compt. 
rend. 135, 1106). 

Boron carbide B n O forms exceedingly hard 
shining black crystals, which are capable of 
polishing diamonds. It may be obtained 
massive by fusing together boric oxide and 
carbon in an electric resistance furnace and 
cooling fairly rapidly (E. A. Sperry, U.S. Pat. 
869114). 

Shaped blocks of boromtarbido arc obtained 
by preparing tho body of the block in pure 
carbon, embedding Ibis in powdefed carbide, and 
firing m an electric furnace (Bolling, Eng. Pat. 
6693, 1905). Modifications of this process have 
also been patented (Additions (2) Sept. 30, 
1904, to Fr. Pat. 353017). 

Boron nitride BN is a white, amor^ous, 
bulky powder discovered by Balmain in 1842. 
It is infusible, insolublo in water, and generally 
somewhat inert to reagents, but Stock and Blix 
(Ber. 1901, 3039) have described another modifi¬ 
cation which is chemically much more active. 
It may be obtained mixed with B a 0 8 by burning 
boron in air; or by the action of nitrogen on a 
mixture of boric anhydride and carbon heated 
to redness (Wohler and Deville, Ann. Chem. 
Phys. [3] 52, 84). It may be prepared by the 
action of ammonium chloride vapour on a 
porous mass of calcium phosphate and borax 
or boric oxkte heated to bright redness, after¬ 
wards extracting the cold mass with hj^dro- 
chtorie acid and water, and drying the tesidua 
of BN in a vacuum desiccator (Moeser and 
Eidmann, Ber. 1902, 635); or by allotrag 
boron bromide to drop into liqjfiid ammonia, 
and heating the precipitated mixture pf boramide 
and borimide to 750° in a ourrent of ammonia 
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(Stock and Holle, Ber. 1908, 2096); or bv 
beating boric acid and calcium oyanamide. A 
mixture of borocalcite CaB 4 0 7 and* carbon 
heated <to 1850° and then to 1400°, affords a 
theoretical yield of boron nitride (Stabler and 
Flbert, Ber. 1913, 46, 2060). B,N has been 
prepared by heating boric acid with magnesium 
nitride. 

Boron sulphide B a S 3 forms fine white needles 
t>f density about 1-66, which melt at 31\)°. It 
is volatile in hydrogen without decomposition 
(MoiBsan, Compt. rend. 115,203). It may be 
prepared by neating together sulphur and 
amorphous boron (Wohler and Devillc); or, 
better, by heating ferroboron in a stream of dry 
hydrogen sulphide at 400°, and purifying the 
resulting product by dissolving out the sulphur 
with carton disulphide (Hofmann, Zeit. angew. 
Chera. 1906, 1362). Combines with hydrogen 
suljfnide to form thiomdahoric acid H 2 B,S 4 . Is 
decomposed bv carbon dioxide. 

Boron trifiuoride BF t . Amorphous boron 
unites with fluorwe at the ordinary temperature. 
It is a gas at ordinar^iempcratures, and may be 
prepared by heating a mixture of boron trioxide 
ana calcium fluoride with sulphuric .acid, or 
a mixture of potassium borofluoride and boron 
sesquioxide WtJi sulphuric acid. It.’ may be 
liquefied and solidified by cold and pressure: 
melts at —127° and boils at —101°. It is 
rapidly decomposed by water, forming hydro- 
fluoboric and boric acids. 

Boron trichloride BC1 8 is a colourless, very 
mobile, refractive liquid which fumes in the 
air. Sp.gt 1-4338 at 0° ; m.p. -107°, b.p. 12*5°. 
It is decomposed by water with formation of 
hydrochloric and boric acids. It is prepared by 
passing dry chlorine over amorphous boron, and I 
collecting the vapours in a U-tube immersed in 
& freezing mixture. The product is purified by 
shaking with mercury to remove chlorine, and 
by fractionation. It may also be prepared by 
heating boron Besquioxide with phosphorus 
pentacnloride. 

Boron tribromide BBr a resembles the 
chloride in physical properties. It is prepared 
in the same fray, substituting bromine for 
chlorine, or by treating a red-hot mixture 
of carbon and boric oxide with bromine 
vapour. M.p. —46°; b.p. 90-5°; sp.gr. 2-65 
at A 6 , 

Boron trModide BI a may be obtained by 
acting on heated amorphous boron with iodine 
.or hyariodio acid, or by treating the vapour of 
the trichloride with hydrogen iodide. It 
crystallises in colourless nacreouB plates and is 
readily acted upon by light. M.p. 43°; b.p. 210°. 
Soluble in carbon disulphide, benzene, and other 
organic solvents. Bums when heated in oxygen, 
and'is decomposed when warmed with sulphur 
or phosphorus. 

‘ Bdric oxide B 2 0 8 may be obtained by burning 
boron in oxygen, or, more easily, by strongly 
heating boric acid, when it melts at 677° to a 
viscid mails, cooling to a colourless brittle glass 
of sp.gr. 1-88. May be vaporised in vacuo, and 
is capable of expelling carbonic, nitric, and 
uikgrairic acids from their salts at a red heat. 
spSld ’in water, forming bone acid. For 
velocity of hyttration of boric oxide to metaboric 
acid and ortnoboric acid, see Myers, Chem. Soc. 
Trans, ml. 111, 172. 


A blue glass, * Doron-uitramarme/ of colour 
varying with the duration and intensity of 
heating, and with the proportions of the 
ingredients, is made from sodium sqlphide and 
boric anhydride. It is stable in air and only 
slightly soluble in water (J. Hoffmann, Zeitsch. 
angew. Chem. 1906, 1089). 1 

Tetraboron trioxide B 4 0 3 , boron dioxide 
B a 0 2 , and tetraboron pentoxide B 4 O b are also 
known. 

Boric or Boracic acid. Sal sedativum 

Hombcrqii , Sal narcoticum ntrioli. Boric oxide 
forms three hydrates: 

Orthoboric acid B 2 0 3 ’3H 2 0—R 3 B0 8 . 

Motaboric acid B a () 3 H 2 0=H 2 B 2 0 4 . 

Pyroboric acid 2B 2 0 3 -H 2 0=H 2 B 4 0 7 . 

Ray (Chem. Soc. Trans. 1918, 803) has described 
the mode ot formation of a potassium borate 
K s B 4 0 8 , and hence the existence of an acid 
H 2 B 4 0 ? . 

Boric acid appears to be a dibasic acid, and 
most pf its salts maj be regarded as derived from 
metaboric or pyroboric acid. Both these are so- 
called ‘ weak ’ acids. Their salts, when soluble, 
have usually an alkaline reaction, even when 
I containing excess of boric acid, and are decom- 
| posed even by carbonic acid. 

Boric acid is found free in nature in many 
volcanic districts. In Central Italy it is pro¬ 
duced on a large scale in the territories of 
four communes: Pomerance, Massa Marittima, 
Castel Nuovo di Val di Cecina, Montieri, all 
in the province of Tuscany, the nearest ship¬ 
ping point being Leghorn, to which plaoe it is 
brought by railroad from Volterra. It also 
occurs in the extinct crater of a volcano on 
one of the Lipari Island^ and in* the crater 
of Strom*5oli, an active volcano on another 
island of the tame group, near Sicily. Volcanio 
emanations containing boric acid occur in 
Nevada, in California, and Nova Scotia. It exists 
in solution in the mineral waters of Wiesbaden, 
Aachen, and Krankenlied, in Germany; in the 
mud volcanoes of the Colorado Desert, in San 
Diego county, California; in the water j* several 
mineral springs in Tehama county, Cnlifomia. 
In smaller quantities it exists in sea water and 
in the ash of many plants. 

Sassolite, or Tuscan boric acid, is nover 
produced in the pure state, but is always asso¬ 
ciated with impurities, both soluble and in¬ 
soluble. It differs considerably in quality, some 
parcels containing §p p.c. of crystallised acid, 
while others yield only 75 p.c. The following 
analyses show its general composition j— • 

Analyses of crude Tuscan boric acid. 


Boric acid B 2 O a 


47-96 

4404 

Water 5 oombinod • 

, 

37-00 

33-98 

(hygroscopio 

. . 

0-73 

2-80 

Ammonium sulphate (NH 4 ) 2 S0 4 

5-67 

10-82 

Sulphate of alumina 

and iron 

0-13 

0-20 

>lciuln sulphate . 

, , 

trace 

1-20 

Magnesium sulphate 

, , 

6-91 

403 

Sodium sulphate .«. 


007 

HO 

Sodium chloride 

Ji * 

0*23 

0-32 

Sand 


0-42 

0-80 

Sulphur 


_ 

trace 

Organic matter , 

. 

0-89 

Oil 


100-00 100^9,; 
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An analysis of an average sample taken from 
5000 ton* shows it to be composed aS follows:— 

Crystallised borio acid B t O s ,2H«0 
Hygroscopic water 


Ammonium sulphate 

5-3 

Magnesium sulphate 

. 7-5 

Iron and alumina * . 

. 0-3 

Sand, organic matter, &c. . 

2-0 


100-0 

Borio aoid occurs on the West Coast of South 


America, principally in the form of boronatro- 
oalcite (ulexite, or hayesine), and is found 
throughout the province of Atacama and in 
portions of Chile. Ascotan and Maricunga, 
to the north of Copiapo, are the places which 
have proved most successful commercially. 
The crude material, known as tiza, occurs in 
both places in lagoons or troughs ; these, instead 
of being entirely filled with common salt, as is 
usually the case in the desert,* contain zones or , 
layers of boronatrocalcite, alternating with j 
layers of salt and ealty eartA. The lagocn* of j 
Maricunga are estimated to cover 3,000,000 
sq. metres. The raw material contains on the 
average about 25 p.c. of boric acid, but by 
washing and calcination it may be raised to 
55 or 60 p.c. The roughly purified boronatro¬ 
calcite is shipped to England and Germany. 

A borate of lime (rhodizite) is imported from 
the West Coast .of Africa. 

Pure orthoboric acid is easily obtained by 
treating a solution of 3 parts borax in 12 parts 
hot water with 1 part sulphuric acid. On cooling, 
boric acid separates out ; it is recrystallised from 
hot water, dried and fused to expel traces of 
sulphuric acid, and again recrystallised from 
water. It forms white, translucent, monocjinic 
laminte (Kenngott), which havo^i mofcher-of- 
earl lustre and are unctuous to the touch, 
p.gr. 1 434 at 15°. 

Borio acid evaporates freely in a current 
of steam. The loss sustained by evaporating 
an aqueous solution is 0*28 *p.c. of the water 
evaporated, equal to 2*8 lbs. for every 100 
gallons. (Cf. NaBini and Ageno Atti. R. 
Accad. dei Lincei, 1012, 21^i. 125.) 

The solubility of boric acid in water has 
been determined by Ditto (Compt. rend. 85, 
1060), but his results are probably low. Herz 
and Knoch find considerably higher values at 
131°, 20°, 25°, and 26°. The figures oFBrandes 
and Firnhaber (Arch. Pharm. 7, 50) also differ. 
The results obtained by pfasini *nd Ageno 
(Zuitsch. physical. Chem. 1909, 69, 482) are 
quoted below: 


Tempe¬ 

rature 

Grams of H s Bu a 
per 100-gram 
solution. 

Tempe¬ 

rature 

Grauis of HgBO 
per 100-gram 
solution 

0° 

2-59 

60° 

12-90 

12-2° 

309 

69-6° 

16-58 

21° 

4-90 

80° 

19-11 

31° 

6-44 

90° 

23-30 . 

40° 

• 8-02 

99-5° 

2810 

60° 

10-35 , 




Cf. Nasini and Ageno (Gazzetta; 1911,41, i. 141). 

The solubility of orthoboric acid in water is 
lessened (not, as stated in various plaoes, 
increased) by the presence of hydrochloric acid 
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(Herz, Chem. Zentr. 1003, i. 312) and of sul¬ 
phuric, nitric, and acetic acids: but tartaric arfB 
oxalic aeids have the opposite*effect (ibid. 755). 
Borio acid is soluble in alcohol, glacial acetic 
acid, and volatile oils. A cold saturated aqueous 
solution colours litmus a wine-red; a hot 
saturated solution gives a bright-red colour. 

Crystallised boric acid, heated to 100°, is 
converted into H s B t 0 4 (Schaffgotsth, J. 1859* 
71), and into H 2 B 4 0 7 at 160° (Merz, J. pr. Chem. 
99, 179; Ebelmen and Bouquet, Ann. Chim. 
Phys. [3] 17, 63). At a stronger heat the acid 
froths up, parting with its water and forming 
boric anhydride as a fused viscid mass, solidify¬ 
ing to a fissured glass on cooling. For the action 
of boric acid on sodium chloride on heating, see 
Levi and Castellani (Gazz. chim. ital. 1910, 40, i. 
138); Levi and Garavini (ibid. 1911, 41^ i. 756). 

Boric acid and its salts are extensively used in 
medicine as an antiseptic; and as a food 
preservative thoy are also very widely employed. 
They are also employed for glazing porcelain and 
earthen ware,in tho preparation cf/glass and certain 
pigments, in the manufacture of cosmetics, soaps, 
in the linings of safes, in the glazing of paper, for 
dressing leather, *as a flux, by laundresses, and 
for soaking the wicks of stearin candles. 

The effect of boric acid in glazes is to increase 
their hardness and their fusibility, and to modify 
the coefficient of expansion. A small amount of 
boric acid lowers tno expansion, whilst a large 
quantity produces an increase. Tlys effect is 
oxplainod by Grenet (Compt. rend. 123, 891) to 
bo duo to tho fact that when tho proportion of 
bases to boric acid is high, devitrification occurs, 
whilst when the boric acid is the more important 
constituent, the coefficient of expansion tends 
to approximate to that of boric acid jtself, 
which is higher than that of any glass. 

It has also been proposed to use boric acid 
in tho preparation of nitric* acid from Chile 
saltpetre, so as to obtain borax as a by-product. 

Industrial extraction of boric acid. The 
occurrence of the sal sedativyjn of Homberg in 
the wator of the Tuscan lagoons appears to have 
been first noticed in 1777 by Hofer, a Florentine 
apothecary, and its extraction was begun about 
1815, and to-day a large part of the borio acid 
of commerce is derived from the lagoons near 
Monte Rotondo, Lago Zolforeo, Sasso, and 
Larderello, in the Maremma of Tuscany, inclosing 
both natural and artificial vents. The soffioni 
or jets of steam, which often rise in thick columns 
to a considerable height, contain only traces of 
boric acid, but when these are condensed in the 
water of the lagoons this becomes gradually 
charged with the acid which is obtained from 
tho solution by evaporation. 

To obtain the boric acid, the soffioni are 
surrounded by basins of rough masonry, several 
of which are arranged in steps, one above* the 
other, m such manner that the contents of each 
basin can be led by gravitation into the basin 
below. Fresh water from a neighbouring spring 
is conducted into the uppermost basin, whilst 
the gases and vapours of the fumarol^ rise 
through the water from beneath, occasionally 
with such violence as to eject the water WQt 
height of several feet. After twenty-four hour* 
the water in the first basin, which is generally 
muddy, is allowed to pass into the second basin, 
the first being recharged with fresh water. After 

o m • 
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another twenty-four hours the second basin is 
df&charged into the third and the first into the 
second, the seeoifU and following bajihs being 
also buflt round soffioni. After having passeu 
through four or five of these basins, the colution 
i§ passed into rectangular reservoirs in which 
the suspended matter is deposited on standing. 
From those itr passes into a series of leaden 
vaporating-pans, placed in couples onq, above 
he other in the form of a terrace. Theso pans 
are heated by the gases anil vapours of soffioni 
which, on account of their situation, are other¬ 
wise useloss—by a method first adopted by 
Count Lardarel in 1815. The evaporating pans 
are square, about 1 foot deep and 9 feet square, 
and are supported on wooden beams. The solu¬ 
tion is heated in those for twenty-four hours 
until it Ifas attained a density of 1*017, when it 
is decanted into a second series of pans, whero, 
after another twenty-four hours, it attains a 
density of 1 ‘034, and is finally decanted into the 
last four pans, where it is evaporated to a specific 
gravity of 1-07. 

The temperature gradually increases, boing 
in the first pans about 60° to 70°, in tho following 
pans about 75°, and in the last as high as 80°. 

In all those pans a precipitation of gypsum 
takes place, which requires to bo removed from 
time to time. When tho solution in the last 
pans has attained a density of 1-07, it is run 
through funnels into the crystallising vats, con¬ 
sisting of y^ooden tubs lined with lead. After 
twenty-four hours the crystallisation is complete, 
the mother liquor is then decanted off and 
added to the evaporating pans a few hours 
before the completion of the concentration. The 
crystals are drained in baskets placed under the 
crystallising vats for twenty-four hours, anti are 
spread out on the bottom of a large drying ovon, 
which is likewise hoated by the vapour from 
the soffioni. The foyer of crystals, which is two 
or three inches thick, is stirred at intervals to 
assist the drying. This is complete in twenty- 
four hours. An improved form of evaporating 
apparatus consists in decanting the solution in 
the reservoirs from which tho suspended matter 
has deposited into a pan, and thence running it 
into a slightly inclined trough made of sheet 
lead with the edges turned upwards. The 
trough has an undulatory form, is supported on 
wooden sleepers, and heated by the soffioni 
vapours. The solution of boric acid, after 
passing through this heated trough, becomes so 
concentrated as to bo ready for crystallisation. 

Artificial soffioni have been bored to a depth 
of 200 feet in the vicinity of the Monte Rotondo. 
The chief works are at Monte Cerboli, Larderello, 
San Federigo, Castel Nuovo, Sasso, Monte 
Rotondo, Lustignano, Serranzano, Lago, and 
San Eduardo, each of which has from 8 to 35 
lagoni t 100 to 200 feet in diameter (Payen, 
Ind. Chem. transl. by Paul). 

The boric aoid thus obtained is far from 
pure. Analyses of different samples by Payen, 
Vohl, and YVittstein show that it contains from 
74 to 80 p.c. crystallised boric acid, from 4 o to 7 
•p,0. Ot hygroscopic water, ammonium and mag- 
iKttum sulphates 8-14 p.c., together with 
gypsum, elag, sand, sulphur, organic matter, 
and free acids and ammonia. 

The origin of the boric acid in the soffioni 
is not understood. Dumas suggested that it is 


formed by the decomposition by mqans of water 
of a bed of boron sulphide formed at some 
dep£h* below the surfaoe. Bolley (Annalen, 
68 , 1/22) supposed that it is produced by the 
action of a ho.t solution of ammonium chloride 
upon the borates contained in the earth. Accord¬ 
ing to Warington (Chem. Gazette, 1854, 419), 
Wohler and Deville (Annalen, 105, 69), and 
Popp (Annalen, Suppl. 8, 1), its formation is 
probably due to the action of water upon boron 
nitride. 

Dieulafait has found borio acid in regions 
whero there are no visiblo manifestations of 
volcanic action, and concludes that it is of 
aqueous origin, and derived from the waters 
of ancient seas (Conipt. rond. 100, 1017, and 
1240). 

Of late years the importation of boracite 
from South America and colemanite from 
California, and also some Persian ores, has had 
a considerable effect on tho Italian industry. 
Besidos the obvious method of separating the 
borio, acid from these ores by acidification and 
crystallisation, other processes aro used for its 
extraction. 

One process consists in grinding tho borate 
of lime or ulexite to an impalpable powder and 
treating it with sulphurous acid. 

A large wrought-iron tank, circular in shape 
and egg-ended, is lined with stout sheet lead ; it 
is provided with a cover and still head, mechani¬ 
cal agitator, and steam pipes. It is first of 
all chargod about half full with water or weak 
liquor from a previous operation. The liquor is 
then boiled, and the powdered borate fed in by 
means of an Archimedean screw. 

Sulphur is then burnt in an adjoining furnaoe, 
and the^ulphurous gas is .injected by means of 
a peculiarly constructed lead injector into the 
boiling liquor!* A special type of sulphur burner 
for this process is patented by the American 
Borax Co. (U.S. Pat. 809550, 1906). The gas 
is wholly absorbed by the calcium borate, 
which itself is slightly soluble in water, borio 
acid and calcium sulphite being formed. The 
steam arising from the operation, containing 
boric acid vapours, passes from the still head 
through a condenser in order to prevent any 
loss that would occur. When the operation is 
complete, tho steam and gas are shut off, and 
tho contents of the pan allowed to settle, which 
occupies € about ten hours. The clear borio 
acid liquor is then run either into vats made 
from whitq,, sugar -pine, or of ordinary wood 
load-lined, where the borio acid crystallises 
out. The mothei liquors are then drawn off, 
to be used over again if not too highly impreg¬ 
nated with foreign salts, or still further treated 
for the recovery of the oalcium sulphite end the 
slight percentage of borio acid thev oont&in. 

Bigot (J. Soc. Chem. Ind. 1899,830) obtains it 
by heating together borate of oalcium and ammo- 
nium^ulphate in a closed vessel. The ammonia 
driven on is condensed and collected, and the 
bogie acid obtained by. extraction of the reeidue. 

Another method 4 is to treat berate with 
sodium bisulphate, a by-product in nitric acid 
manufacture. The two are dissolved in theo¬ 
retical Quantities in water to a density of 16° B. at 
100°. The solution is filtered and concentrated 
to 30° B. iOn cooling, the borio acid crystallises 
out and very pure sodium sulphate is obtained 
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by concentration <5f the mother liquors (Heidi- j 
berg, Chem. Zeit. 1907, 31, Rep. 48). 

Ohenal Douilhet & Co. (D. R. P. U0421, 
1899) produce boric acid by taking ad village 
of the fact that when a borate is boiled with 
ammonium chloride, ammonia and boric acid 
are produced. If the concentration is too high, 
there is a tendency to recombination; the 
boric acid is therefore removed frequently by 
crystallisation from portions of the liquid, the 
mother liquors being returnod to the main volume. 
By this process it is claimed that 98-99 p.o. of 
the borio acid in combination is recovered. 

In another process chlormo is passed into 
water at 70° containing finely powdered cnlcium 
borate in suspension. Calcium chloride and chlo¬ 
rate and boric acid are produced. The bone acid 
is removed by cooling, and the mother liquors 
used again until sufficiently concentrated for 
convenient extraction of the chlorate (C. C. 
Moore, E*g. Pat. 20384, 1899). 

Metallic Borates. • 

Borates are obtained by the action of borir 
acid on metallic oxides or their salts, in either 
the dry or wet way. 

In solution borio acid is a very weak acid, 
being expelled by almost all acids from its com¬ 
binations, partially so even by carbonic and 
kydrosulphurio acids. A boiling concentrated 
solution, however, decomposes carbonates and 
soluble sulphides and manganese sulphide. 

In the dry way, at high temperatures, it is - 
capable of ^decomposing the salts of all more 
volatile acids. 

Alkaline borates are soluble in water, but 
are precipitated by alcohol. Tho remaining 
borates are-insoluble, or very sparingly soluble 
in water. Tho soluble borates produce precipi¬ 
tates in solutions of salts of calcium, barium, 
strontium, nickel, and cobalt, and of ferric salts 
which are readily soluble in ammonium chloride. 

Anhydrous borates are produced by fusing 
together, in a special furnace at 1350°-14(Mr 
for three hours, boric oxide with the necessary 
quantity of -oxide, carbonate, or nitrate of the 
metal. With largo excess *f boric acid, lithium, 
potassium, sodium, rubidium, ca&ium, thallium, 
and silver produce clear fusions which either 
crystallise or leave clear glasses on cooling. 
Cuprous oxide, and oxides of lead, # bismuth, 
antimony, arsenic, titanium, molybdenum, and 
tungsten produce clear (jisions at the high 


temperatures which form emulsions’ on cooling. 
! The oxides of calcium, strontium, bariu«i, 
magnesium, zinc, cadmium,#manganese, iron, 
cobalt, and niokel, do not give homogeneous 
fusions, but separate into two layers (W. Guertler, 
J. Soo. Chem. Ind. 1908, 158). • 

Borates have also been prepared electrolyti- 
call v by Levi and Castellani by electrolysing boric 
acid and an alkaline earth chlondq in a special 
typo of dividod cell (J. Soc. Chem. Ind. 1909, 248): 

Ammonium borates. LadcrcUite 
(NH 4 ) 2 B 10 0 1# ,5H 2 0 

occurs in tho Tuscan lagoons in small crystal¬ 
line rhomboidal plates (D’Achiardi, Chem. Soc. 
Abstr. 1900, 000). Atterberg (Zeitsch. anorg. 
Chem. 1900, 48, 307) distinguishes a diborate 
(NI[ 4 ) 2 B 4 0 7 ,5H 2 0, crystallising in tetragonal 
pyramids, besides the pevtaborate * 

(NH 4 ) 2 0,5B 2 0 3 ,3H 2 0, # 

crystallising in rhombic doublo pyramids pre¬ 
viously prepared by Rammelsberg. Cf. Sborgi 
(Atti R. Accad. dei Lincei, 1^12, 21, ii. 865; 
1913, 22, i. 90). * 

Barium borates. The interaction of barium 
hydroxide and boric acid in aqueous solution has 
been studied by Sborgi (Atti R. Accad. dei 
Lincei, 1914, 23, i. 530, 717, *54). The only 
stable compounds which appear to exist are the 
triborates (Ba(),3R 2 0 3 ,-f H a O) and the meta¬ 
borate (Ba0.B 2 0 3 + H a 0). 

Calcium borates Ca 2 B,O n . Thero are three 
varieties of calcium borate, which correspond to 
the three varieties of calcium carbonate, calc 
spar, marble, and chalk—viz. boracite or pander- 
mite, colemanile, and pricite —each found in 
different parts of the world in large quantities, 
and of a well-defined and constant composition. 
Meycrhoffer and van’t Hoff (Annalen, 36fr, 100), 
in attempting to prepare compounds of similar 
composition artificially, hnvg obtained several 
other calcium borates. These authors assign 
different compositions to colemanite and pander- 
mite. Boracite , in outward appearance, closely 
resembles a snow-white, ftno-grained marble; 
colemanite is of a crystalline nature like calc spar, 
or Iceland spar, and has beeif termed borate 
spar ; pnc-ite , or bechilite, is a very fine, white, 
soft, chalky mineraf ot a cohesive nature, easily 
rubbed to powder, and resombling chalk, 
(’hemically speaking, they are all hydrated 
calcium borates, differing only in their composi¬ 
tion in respect to the water of combination, 
their composition being given in table below. 


• 

CajBgO^.SAq. 

CajBjOjj^Aq. 

Ca a BgO n ,5Aq. 

Ca|B 6 O t] ,6Aq. 

Borio acid B,0, . • . 

05'S 

53-3 

50-9 

48-8 

Lime CaO .... 

30-0 

28-4 

27-2 

26-1 

Water H 2 0 .... 

14-2 

18-3 

21-9 

25-1 

• 


100-0 

• 

100-0 

1000 

100-0 


Cf. Sborgi^Atti R. Aocadf dei Lincei, 191#, 22, near the Tschataldga Mountain, in long. 28° 2 f 
i. 039, 715b east °* Greenwich and lat. 40° nortk Th% 

Boracite has been extensively mined at Susurlu river runs from tho Tschataldga Mown- 
Sultan-Chairi, in the district of the Villayet of tain to the Sea of Marmora: it is partly Wm- 
Brousa in Asia Minor, forty-five miles from gated to a point called MohalitaR; the field is 
Panderma, a port on the Sea of Marmora; the situated in a basin of Tertiary age, surrounded 
principal deposits, as far as yet known, exist by volcanic rocks, which vary from granite on 
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the east to traohyte on the north, end columnar i nardino county, California, 462 miles south-east 
bisalt on the west. Several basaltio lulls and | of San Franoisoo. The geologioal formation 
dykes protrude indifferent portions ot>the basin, of the. surrounding hills oonsists of blaok lava, 
and th« presence of hot and mineral springs aanfafones of different oolours, gypsum, steatite, 
further testifies to the volcanio influences whioh aQ d calcium carbonate ; it is found in veins and 
hfave been at work, and in whioh, doubtless, seams from 2 feet to 8 feet in thickness, in some 
originated the boraoio mineral. The latter cases dipping at an angle uf 36°, and at others 
occurs in a stratum at the bottom of an enormous running into the hillsides almost horizontally, 
bed of gypsvmj its greater sp.gr. probably im- Its colour and streak is white-milky to trans- 
pelling it downwards, while the whole mass was parent; hardness 3 5-4 ; sp.gr. 2-4 ; before the 
yet in a soft state. Several feet of clay cover blowpipe it exfoliates, decrepitates violently, and 
the gypsum bed, which is here 60 or 70 feet thick, melts imperfectly after considerable heating ; 
though in places it attains to double that thick- it imparts a reddish-yellow colour to the flame, 
ness. The borate strata vary in depth, and havo which changes to green. The lragments are 
been proved for a vertical distance of 45 feet, obscurely rhombic and pulverise easily; it 
The mineral exists in closely packed nodules of > 3 wholly soluble in hot hydrochloric) acid • 
very irregular size and shape, and of all weights from the solution borio acid crystallises on 
up to a‘con. It is easily separated from the cooling. Lustre of the mineral is vitreous to 
dark-coloured gypsum in which it is embedded, adamantine. The veins and seams are inter- 
and a number of people are employed at the pit spersed with masses of calcium carbonate and 
mouth in picking and selecting the matorial. It magnesium silicate, from which, like”the bora- 
is sold on a basis of 40 p.o. borio acid, which cite, it h as to be picked and selected, 
would be equal Bo 78-5 p.c. of the pure calcium It? formula is C£ 2 B 8 O n ,5Aq.; it is sold on the 
borate with five moleciTfcs of water Ca 3 B 6 0 H ,5Aq., basis of 40 p.c. boric acid. Average samples 
the remainder consisting of calcium sulphate and from the bulk vary in composition from 33-£ 
other impurities. p.c. boric acid up to 41-2 p.o.; the following 

Borate spar or colemaitile has been exten- analyses may serve as examples of the genera) 
sively mined since 1883 at Calico, in San Ber- composition :— 

Borate Spar. 


, Component parts 

1 

2 

3 

4 

b 

♦Calcium borate Ca,B„O n 5Aq. . 

66-2 

70-4 

760 

78-00 

80-80 

Calcium carbonate CaCO, 

16-3 

15-1 

11-6 

8-76 

7-17 

Insoluble matter Si0 2 

10-6 

10-2 

8-9 

7-10 

7-80 

Remaining impurities MgO, &c. 

7-0 

4-? 

4-5 

<. 6-16 

4-43 

- 

100-0 

100-0 

100-0 

10000 

100-00 

*== to boric acid .... 

33-8 p.c. 

35-9 p.o. 

38-2 p.c. 

39-8 p.c. 

41-2 p.o. 


Borate Bpar is also found in the neighbourhood I 
of Furnace Creek, Inyo county, California; its 
outward 'appeal'ance is frequently so exactly | 
like calo spar as often to be mistaken for that ■ 
mineral. Priceite has hitheHo not been so ex- I 
teniively mined as boraeite and colemanite ; a ; 
mine of this mineral, however, exists at Lone ! 
Ranch, Cheteo, Curry, county Oregon, from i 
Much source, smoc the first cargo was oxtracted 
by E. L. Fleming in 1888, several hundred tons 
have been taken. It is found embedded in I 
boulders of different size, the nodules varying in j 
weight up' to one ton. It is of a soft chalky j 
nature, purely white, can be easily rubbed to 
powder, but is of a oohesivo character; it is 
Vary soluble in sulphurous acid, hydrochloric 
aoid, or acetio aoid, yielding borio acid. The 
folio analysis from bulk shows its composi¬ 
tion :— 

Borio aoid B 2 0 # . . . 44-24 

Lime CaO .... 30-91 

Water H,0 . . 23-00 • 

Magnesia MgO . 0-65 

^SOieaSiO, .... 1-20 


• 100-00 
, Btchilite is a •calcium borate found in the 
lagoon* in Tuscany. 


Its composition is represented by the formula 
CaB 4 0 7 ,5H 2 0. 

Boronatrocalcite , iJlexile, tiza, ' cottontails, 
hayesine Ca 2 B g 0 11 lfci l B 4 0 7 ,16H,0, is a soft, 
fibrous, silky mineral of a brilliant white when 
pure, generally found in nodules of a yellowish- 
white colour, varying irf size from that of a 
Brazil nut to a potato. This curious mineral was 
first found in the nitre beds of Peru in small 
quantities, and was examined by Ulex in 1836. 
It was disdbvered in Tarapaoa, 30 miles from 
Iquique, under the crust that covers the nitrtftc 
of soda beds. It has since been discovered in 
Chile, Bolivia, California, Nevada, Nova Sootia, 
and Persia. 

Its composition is constant, containing, when 
pure: 

Boric aoid B 3 O s . . . 43*1 

Lime CaO .... 13-8 

Soda Na,0 .... 7-7 

.Water H,0 ... . . 35*4 

' - • ,— 
100-0 

The nodules are frequently found inorustec 
with a ooating of aodium sulphate and salt 
from which cause the percentage of borio aak 
in large parcels varies considerably, the averagi 
being from 18 to 26 p.o. 







Chile has hitherto been the principal soiree | It is also found in nodules in grey limestone 
of supply of this borax material. Ulexite, when 1 at Werksthal, Hungary, and at Danbury, C«- 
in a state of fine division, is difficultly soluble in necticut, iJnited States. • 
boiling Water. « • I Sussexite is a hydrated borate of. manganese 

Calcium boros ilicate. Doldite (Howlite). ] and nyignesia found in Sussex county, New 
A siliceous borate of lime, colour white, streak Jersey, United States. Tourmaline, found in 
white, opaque, of rf chalky nature, found at | different parts of the world in different colours, 
Calioo, San Bernardino county, California, anu also contains a small percentage of boric 
at Brookville, Nova Scotia. Composition: acid, t 

Boric acid B a O, . . . 44-22 : . Potassium borates. Attorberg distinguishes 

T Jttia Ha A oq.aq five different potassium borates : a monoborate 

SfficaSiO. : : *. : 1525 , *.03,0*3^0; three diborates K a 0,2B a 0 3 

Water H.O . . •. .11-84 crystallising with 4, 01, and 6 molecules of 

2 _ I water respectively; and Laurent’s pentaborato 

100-00 K 2 0,5B a 0 s ,8H 3 0 (Zeitsch. anorg. Chem. 1900, 

Copper'borate is readily obtained by treating i^ odlum borates . The only commercially 
a soluble borate in solution with copper chloride iraportant compos are sodium, diborate 
or sulphate. It is blue, and used in certain Borax) and the p er b 0 rato p er borala)^ 
oU paints and also in the colouring of porcelain. The metaborate NaBO„4H,0 is readily obtain^ 
•? borate of iron, by fusing together the necessary proportions of 

lagomte Ie 2 0 a ,3B a 0 s ,3H 2 0, is found m the boric acid and sodiuffi carbonate, and crystal- 
Tuscan lagoons. * • Iising. • 

Lead borates. By mixing concentrated Acid borfttea Na a 0-3** 2 0 3 and NajO^B.O, 
solutions of lead nitrate and borax, the mete- rae i ting at 094° and 783° respectively may be 
borate Pb(B0 2 ) 2 ,H 2 0 is precipitated, and by obtained by fusing mixtures of borax and boron 
the use of solutions of smaller concentrations tnoxide. • 

Rose obtained many basic salts. They all melt y^odium diborate, or Borax. *Borax occurs in 
on strong heating to colourless or light-yellow, ^he crude state in what are termed* borax 
highly refractive glasses, the hardness increasing | mars hes, which are generally the bottoms of 
with the boron content. Glasses may be ob- j dr j cd _ U p lakes, or, where tincal is found, lakes 
tained by fusing together lead oxide and boric | thftt aro ncar]y drie d. The crude borax in the 
acid in any proportions greater than 0 0/2o f ormer instances is found lying oi» the surface 
equivalent of PbO to 1 equivalent B.,0 3 , but pj a j n> 0 f a peculiar greyish-yellow 

below this limit an emulsion is formed on cooling. colour having a depth of from 1 inch to 18 
Magnesium borates. Stassfurttte (tizaibelyte). j inche8t It i8 6 genera n y a8S0C iated with other 
This mineral occurs crystalline and massive, i 8ubstanco8 , both soluble and insoluble, as the 
colour white streak whito, fracture conchoidal tabl(J o{ analyse9 Wow shows, 
uneven, subtranspAront, translucent lustre M j dhn in Northern India, 3» mUea 

vtfmnna inofinmcr to nr flms.nt.im> hnrdnfiss 7._. . ..... .1 /» 


kainite beds, the composition being: 
Boric acid B 2 0 3 . m . 

Magnesia MgO 
Chlorine Cl ... 


1 quantity of tinoal and borax obtained from 
! the districts of the Himalayan Mountains 
amounts to about 2000 tons per annum. Tl.e 
' tincal deposits are of fery ancient origin, 
j In North America there are no less than ten 
l deposits^ffve of them being "in the - State of 
1 California—at Saline Valley, Furnace Creek, and 
! Armagora (in Jnyo*county), Slate Range (in San 


Composition op Crude Borax from the Marshes. 


•l 

2 

3 

4 

5 

6 

7 

8 









*30-30 

38-3 

2-10 

83-08 

1-9 

33-30 

6-62 

46-20 

37-88 

40-8 

14-08 

39-24 

25-7 

28-88 

18-46 

43-80 

18-00 

10-9 

12-80 

1-20 

33-0 

2-40 

8-80 

7-15 

0-10 

8-3 

16-10 

5-50 

34-3 

13-70 

18-30 

2-75 

0-26 

0-1 

19-10 

0-38 

0-8 

8-28 

20-22 

— 

0-50 

0-4 

34-60 

0-30 

0-7 

18-40 

28-20 

0-40 

3-28 

2-4 

0-70 

— 

2-0 

0-60 

0-80 

.0-30 

2-26 

0-4 

0-30 

— 

0-6 

0-30 

0*80 

■*0-30 

1-8J 

1-4 

0-22 

0-13 

1-3 

0-17 

0*20 

0-10 

100-00 

LlOO-O 

100-00 

100-00 

100-0 

100-00 

100-00 

100-00 


Sodium biborate 
water .... 
Sand and insoluble matter 
Sodium carbonate . 
Sodium sulphate 
Sodium chloride 
Calcium carbonate . 
Magnesium carbonate , 
Oxide of iron and alumina 


Berpardino county), #hd Lower Lake (in Lake I California, in 1856, by Dr. John A. Veatcn, since 
county); the remaining five are in the State of J which time the different deposits mentiattd 
Nevada— at Rhodes, Teels Marsh, Columbus, j have been developed, and the available supply 
and Fish Lake (in Esn^ralda county), and Salt is practically unlimited, and is solely regulatea 
Wells (Carson Lake, Churchill county). i by the demand. The exports of Borax from 

Borax was first accidentally discovered in | America have increased very greatly of la^e 




years, and, to a large extent, have taken the Jgorax is easily decomposed by acids. Hydro* 
place of the Italian product. I chloric acid leaves, on evaporation, sodium 


place of the Italian product. 

Commercially,thorax is valued by evaporating 
to drynoss a known weight of tho sample with 


chloric acid leaves, on evaporation, sodium 
Commercially.vborax is valued by evaporating I chloride and free borio aoid. Car&owt'c acid is 
dryness a known weight of tho sample with | absorbed by a solution of borax from the air, and 


hydrochlorio aoid, and estimating the chloride no borax is precipitated on the addition ol 
volumetrically in tho residue with silver nitrate, alcohol. Saturated with sulphuretted hydrogen 
Any chloride present in the sample as impurity and mixed with alcohol, the liquid separates on 
is estimated separately and allowed for, the the addition of ether into two layers, the lower 
percentage <}f borax being calculated fryn* the containing sodium sulphide, the upper free boric 


equation acid. 

Na.B.0 r +2HCl+5H ! 0=2Naa + 4H 3 B0,. . forms double salt) 

s t, , of the empirical formula. 

r Properties .—Bor ax forms two varieties of OXT ^ ^ * a rv . in . 

crystals, (l)the decahydrate, which is produced 3Na 2 O*6B 2 O 8 *5A8 2 O 8 +10Aq 


It forms double salts with arsenious acid 


by allowing solutions of borax to crystallise by (Scliwoizer, J. 1850, 257). With sodium fluoride 
cooling down to the ordinary temperature; (2) ,t forms sodium fluorborate. When 1 pt. tar- 
octahedral borax, which is a pentahydrate which tanc acid is mixed with 2 pta. of a hot solu- 
Beparates*, out W'hen the solution is allowed to tion of borax, boric acid separates out on 
crystallise above 50°. cooling. If the tartaric acid be increased, the 

A Ordinary or prismatic borax Na 2 B 4 0 7 , separation of boric acid likewise increases up to 
IOHjO forms large transparent monoclmic a certain point, after which it diminishes, and 
prisms with truncated lateral edges. They ultimately is no longer separated. Acid tartrate 
effloresce when exposed to the air, have a rather 0 f pot/issium formtf a double salt with borax. 


sweet cooling alkalize taste, and 


Silicic acid is insoluble, or nearly so, in solutions 


of 1*75. When heated they melt in their of borax. 

water of crystallisation, swell up, and leave Benzoic, tartaric, and gallic acids dissolve 
a porous spongy mass, called burnt Or calcined more readily in borax than in water. Many 
borax ( borax usij), and fuse at a red heat to a fatty acids and resins dissolve as readily in 
colourless anhydrous glass (vitrified borax) with borax as in alkaline leys, the borax behaving 
a sp.gr. of 2-36, which gradually absorbs like a mixture of boric acid and free soda. 


water from the air, reforming prismatic borax. 


Borax fuses at 730° and readily dissolves and 
At 62° the decahydrate undergoes transition unites with metallic oxides, forming a fusible 
into the 'oentahydrate Na 2 B 4 0 7 ,5Jl 2 0. At glass of a double salt, which property renders it 
130° the salt contains^ 3 mols. II 2 0; at 150% 0 f g rca £ ug0 j n soldering and in metallurgical 
2 mols. H 2 0; at 180°, 1 mol. II 2 0. At 318° operations and in blowpipe analysis, the glasses 


it becomes anhydrous - '' 

When borax is distilled with methyl alcohol, 


thus formed often exhibiting characteristic 
colours. It is used also in the preparation of 


about 60 p.c. of the boric acid comes over fairly | easily fusfole glass fluxes for enamels and 
j.i-, a i * *- *■ <?A Octahedral * -T ' ^ 


readily, and on longer treatment nearly 60 p.c. 


borax Na 2 B 4 0 7 ,5H a 0 


From the liquor remaining in the flask, crystals [tamed by allowing a saturated solution of borax 
of NaB0 2 ,6CH 8 0IJ separate (Polenske, Analyst, to cool down to about 60° m a warm place and 


190^ 34). removing the crystals. 

>^Borax dissolves in water, but is insoluble in The crystals are regular, transparent octa- 
4 alcohol. The aqueous solution has an alkaline bedra, harder thaw the ordinary borax. They 
reaction, and changes the colour of an alcoholic have a conohoidal fracture and a sp gr. of 1 - 8 . 
solution of turmeric to brown; a small quantity They do not change in dry air, oi.t absorb 
of a mineral afcid restores the original yellow moisture very readily and become prismatic, 
colour, but a larger quantity liberates borio acid They fuse more readily than the prismatio 
in sufficient quantity to produce tho character crystals, and with less intumescence, and with-^ 
i.ftio brown colouration. The following deter- ou t splitting. Octahedral borax is therefore 
minations of its solubility are those of Horn better adapted for soldering and as a flux than 
and van Wagener (Amer. Chem. J. 1003, common Ijorax, and the smaller quantity of 
346)water (a difference of 17 p.o.) diminishes the cost 
100 gram, H,0 dis- 100 grama H,0 dia- of transport The fHsmatio variety is, how- 
solve of anhydrous solve of anhydrous ever, generally preferred, probably because it ja 

t° borax Na a B 4 0 7 borax Nn a B 4 0 7 cheaper weight for'weight.X 

5 ° . , 1-3 gram 60° . 19*9 grams The commonest impurities in borax are 

21-5° . 2-8° 70° . 24-4 sodium oarbonate and small quantities of 

30° , .3-9 80° . 31-4 chlorides and sulphates of sodium, calcium, and 

45 ° . . 8 i 90° . 40-8 magnesium. It is oooasionally adulterated with 

50° . 10*5 100° . 52*3 earthy matters, alum, and sodium chloride. It 

6 fi° . . 14-2 should dissolve in two parts of boiling water and 

should,not effervesce with acids. Tne aqueous 
For conditions determining the crystallisa- solution should not be rendered turbid when 
tion of borax, see Levi and Castellani (Gazz. treated w ith an alkali,*or with barium chloride 
chim. ital. 1901, 40, i. 138). . or silver nitrate in presence of \iitrio acid. 

• At the temperature of 27°, borax solutions .... 


J removing the crystals. 


100 grama H a O dis¬ 
solve of auhydroufl 
borax Nu a B 4 0 7 


6 ° . 

. 1 -3 gram 

U 0 ° 

. 19-9 

21-5° 

. 2-8 

70° 

. 21-4 

30° . 

. 3-9 

80° 

. 31-4 

>5“ . 

. 81 

90° 

. 40-8 

60° , 

, 108 

100 ° 

. 52’3 

88 ° 

. 14-2 




JL lb., of borax to the imperial gallon, and 
Hi «p.gr. of 1-500, or 10° Tw. Tho general 


silver nitrate in presence of intrio acid. 

The manufacture of borax from b'oric acid• 
This industry is chiefly associated with the 


crystallising sftength is 1*160 sp.gr., or 32° Tw., production from the Tuscan lagoons. The crude 
when the solution holds 6 lbs. of borax to the add, packed in large cAks weighing about 13 
gallon, crystallisation commencing at 65•5^/' cwta., on arrival at the borax works is first of all 



manipulated in the casks themselves. For this 
purpose, the cask is placed on what is termed a 
stillage, the head taken off, the acid loosened 
with a spade and treated with small qu\rd;ities 
of water for the purpose of washing out tffie sul¬ 
phates of ammonia and magnesia, whioh, on 
aocount of their greater solubility, easily sepa¬ 
rate from the less soluble borio acid, the wash¬ 
ings being used for the recovery of the ammonia 
and magnesia they contain, whilst the acid, 
wh'oh formerly contained 83-46 p.o. B 2 O s 3Aq. 
or equivalent to 128-5 p.c. borax, is brought up 
to a strength of 96-67 p.c. B,0 3 3Aq. or equivalent 
to 148-87 p.c. borax. The acid, after draining 
for twenty-four hours, is then placed in wicker 
baskets and transferred to the saturators. These 
are made of wrought-iron § plates, having a 
diameter of 10 feet, egg-ended, height 9 feet 6 
inches, provided with hopper and swivel dis¬ 
charge, still head, inspection glasses, run-off 
stop-cocks, and connected by steam pipes with a 
perforated iron coil in the bottom of the pan for 
the purpose of boiling thp borax liquor with 
injected steam. There is also a manherte with | 
movable cover. When the saturator is ready . 
for charging, liquor is pumped in to tho height ' 
of 4 feet, or 2300 gallons, which is then boiled 
with steam and soda ash. Anhydrous sodium 
carbonate is then added, about 23 cwts. being 
generally required to 60 cwts. of acid. When 
the soda ash is all dissolved, tho manhole lid is 
placed on, and tho boric acid is put in by 
degrees through a hopper, half a hundredwoight 
at a time. At each addition of acid a brisk 
ebullition of carbonic acid takes place, which 
passes along tho still head, and after being de¬ 
prived of its ammonia may be utilised for making 
bicarbonate of soda. 

After the saturator has reoeived its charge of 
soda ash and acid, the liquor is thoroughly boiled 
for five hours and allowed to settle, in order that 
the solid impurities may subside. This gene¬ 
rally occupies from eight to ten hours, after 
which the liquor is run into largo wrought- 
iron vats 12 feet long, 6 feet wide, 4 foet deep, 
into which the wires made of iron, technically 
called ‘ straps,* are suspended over bars of wood 
laid across tho top of the vat. The liquor on 
cooling crystallises on the wires, sides, and 
bottom of the vat, and when the temperature has 
fallen to 26° (80°F.), the liquor is siphoned off 
from the vats, and men get in, and, (jy the aid of 
iron bars terminating m a chiselled end, first 
remove the crystallised Jorax from the straps, 
then cut up the borax crystallisingiDn the bottom 
■fcf the vat, and lastly knpek down tho sides 
This borax is not of sufficient purity for the 
market, and is, therefore, subjected to a second 
refining, and, if necessary, bleaching. For this 
purpose a series of pans, oalled refining pans, are 
employed; they are also of wrought iron, 
circular, 9 feet aiameter, egg-ended, 8 feet deep, 
open at the top and provided with cradles of 
wrought iron perforated with holes, stipended 
by iron chains from a patent block overhead in 
suoh a manner as to be raised or lowered^m the 
pans as required. The pans are boiled with 
stfam issuing from* a perforated pipe in the 
bottom. They are first naif filled with water, or 
some of the clearest liquor from a previous 
operation, and when ^he liquor is boiling crude 
borax is thrown into the cradle a&d allowed to 


dissolve* The right amount of borax is tested 
by means of the Twaddell hydrometer, whicl 
should read 30° when tho liquor is of the requilec 
strength.* About 5 cwts. of Ibdium carbonate i 
added, and a little chloride of lime ,* and th< 
wholo'thoroughly boiled. The saturated liquo: 
is then allowed to settle in the pans for ten hoifrs 
covers being placed on them to prevent thi 
liquor chilling ; the panB are run off into vats 0 
sinfikir sizo and shape to those employed in thi 
first process, and the borax allowed to crystallise 
which takes six days. Upon the expiration o 
that time, the liquor is siphoned off to a well 
made by sinking a wrought-iron tank in thi 
ground below tho level of the vats, and, if impure 
| is pumped up to tho refining pans to be usod ove; 
again, and if sufficiently pure is pumped to boil 
ing-down pans, to be concentrated to such i 
degree as to yield a further crop of bffrax. 

The liquors from the first vats ar^ als< 
pumped to the boiling-down pans, where they 
likewise undergo a• process of concentration 
Those boiling-down pans are made of wrough 
iron, and are capable of hofding about 40(X 
gallons. They are provfaed with dry-steam coils 
and are superior to othor means of concentra 
tion from tho- facj that they are completely 
under control, and tho evaporation of the liquoi 
can be regulated as fast or as slow ag, may b< 
necessary. The liquors in these pans are concen 
trated until they reach a sp.gr. of 1-300, or 60' 
Tw., when they are run off into vats to yield’ firs 
a crop of borax, and then upon reaching a tem 
peraturo of 80°F. they are siphoned off int< 
other vats, where they yield a crop of Glaube 
salts, or sodium sulphate, after which the liquors 
being rich in sodium carbonate, are used agair 
in tho saturators for making up a fresh batch o: 
borax with acid and soda ash. Th^ mothe: 
liquors, strong in common salt and weak ii 
sodium carbonate, are further concentrated ii 
jacketed pans, whero, on continued boiling, thi 
salt falls to the bottom, is collected by meani 
of rakes, and fished out with perforated scoopi 
provided with long wooden handles, and tho sal 
is ladled into iron basket set over the pans anc 
allowed to drain. By this means all the salti 
contained in tho soda ash and borio acid ar< 
saved, and nothing is run to waste. 

The washings from tho borio acid in thi 
first process, containing tho ammonium sul 
phate and magnesium sulphate, are oollectei 
together, and placed in a wrought-iron still pro 
vided with a dry-steam coil.. The requisit 
amount of sodium carbonate is then added, an< 
tho ammonium carbonate is distilled off, yield 
ing a highly concentrated and very pure carbon 
ate of ammonia liquor, which is either sold l 
that state or utilised for making the pures 
volcanic ammonia salts. 

The borax from the refined vats, consistin 
of the straps and sides, is carried to the«packin 
room, there to be picked, selected, and pack© 
in casks, whilst the borax bottoms, not being i 
the form of merchantable borax, are refined agaix 

Manufacture of borax from borate online. 

The mineral is first crushed in a ston 
breaker, the size of jaws being 8 inc{j||h*an 
known as No. 4, easilv oap^le of orushin 
12 tons in twenty-four hours. As the mixien 
passes through it is taken up by an elevator an 
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run through millstones, 30 inches in diameter, 
an4 plaoed by the side of the crusher. There 
are two pairs, one grinding fresh ora and the 
other gnnding the tailings. The millstones 
deliver the powdered ore into another elevator, 
wjiich passes it through a bolting or sifting 
machine, 10 feet long and 30 inches in diameter, 
having octagonal sides, the bolting cloth being 
of silk known As No. 8. As considerable fine 
and impalpable dust arises from tho sifting, it is 
kept down by means of an exhaust fan blowing 
the dust into a dust room. The fine mineral is 
conveyed by means of an Archimedean screw 
and elevator into bins, each holding a certain 
quantity and placed over the saturators. These 
are wrought-iron tanks capable of holding a 
charge of 2500 gallons, and provided with suit¬ 
able agitators and either dry or wet steam coils, 
the bottom of tho saturators being connected 
by 3^'nch wrought-iron valves and pipes to a 
powerful pump for the purpose of removing the 
contents of tne saturator' when desired. The 
saturators are grouped together in sets of four 
for facilitating the lixm^tion of the contents by 
means of repeated washings, after the .first de¬ 
composition of the mineral. The saturators, 
as in the case of the manufacture of borax from 
borio acid, are £rst charged with liquor and 
brought^ to the boil; a charge of soda ash, 
usually about 30 cwts., being put in, which is 
sufficient to decompose three tons of the borate 
of lime which is gradually added after the soda 
ash is all dissolved. The soda ash gradually but 
completely decomposes the sesquiborate forming 
calcium carbonate, borate of soda, and biborate 
of soda: 


Ca t B # O u -f 2Na 2 CO. 

=2CaC0 s +Na 2 B 4 0 7 +2NaB0 3 . 

Aft& boiling five hours the steam and 
agitators are stopped, and the muddy liquor 
allowed to settle for ten hours, after which time 
the clear supernatant liquor is run off to vats to 
crystallise, and the residue is again washed with 
weaker liquor from the saturator previously 
washed, the operation being repeated of boiling 
and washing with the gradually weaker liquors 
from the otner saturators in rotation. By the 
time the mud has received eight washings, the 
last being with water, the whole of the borax 
wifli have been removed, and the chalk which is 
left is then pumped through an iron filter press, 
which completely presses out the remaining 
weak liquor and leaves the chalk in a solid oake, 
which is generally thrown to one side, being too 
impure for any purpose. The first liquor run to 
the vats contains the biborate and borate of 
soda, together with carbonate and sulphate of 
soda in solution. The biborate of soda or borax 
crystallises out after cooling in the vats for 
about six days, leaving the borate of soda in 
solution. The liquor is then siphoned off into 
the w& and pumped to the boiling-down pans, 
where it undergoes the process of concentration 
Until it reaohes a sp.gr. of 1*350 to 1*400 (70° 
to - 80°Tw.), when it is run off into vats and 
allowed to throw a further crop of borax. The 
n$ther fiquor is now of a syrupy consistence, 
ftiu frjs pumped into a decomposing tank, where 
carteS'aioxfde is blown through it. The following 
decomposition &kes place :— 

4NaB0,+C0»«Na t B 4 0 7 +Na a C0, 


The borax falls to the bottom of the tank in 
a finely divided state, whilst the sodium oar* 
bonat^ remains in Boiution, and can be used over 
agai^i in the saturators for the first operation. 
The refining of the borax from the first process is 
the same as that employed in the boric acid 
process, and therefore need not be further 
described. The only precaution necessary is the 
addition of a little bicarbonate of soda in the 
pans to decompose any borate of soda that mighti 
be associated with the borax. Three tons OP 
borate of lime produce 2 tons of borax and 1 ton 
of borax in the state of metaborate of soda. Meta- 
borate of soda may be formed by mixing the con¬ 
centrated solutions of borax and caustic soda 
together in their equivalent quantities, and 
evaporating to 70°Tw.: 

Na 2 B 4 O 7 +2NaHO=4NaB0 2 +H 2 O 
from which the metaborate of soda crystallises 
in needle-shaped crystals having the formula 
NaB0„4H,0. 

100 parts of metaborate of soda, when de¬ 
composed by carboliic acid, produce 65‘6 parts 
of borax and 34*4 parts of sodium carbonate; 
about 30 cwts. of borate of soda thus produce 
20 cwts. of borax. 

Tho following process is used by Masson, 
Gembloux, and Tilli6ro, Brussels. An am¬ 
monium salt is treated with lime in a distilling 
column and the ammonia set free is passed into 
water contained in a digester, and tho digester is 
then charged with carbonic or sulphurous acid. 
The digester is gently heated and pandermite is 
introduced. It is then closed and more strongly 
heated for several hours, whilst the contents are 
mechanically agitated and are transferred, when 
the action is complete, to filter presses, whence 
the liquor’passes lo a reaction chamber where it 
is agitated with sodium chloride and, alter 
; addition of a lfvtle ammonia, is discharged into 
cry stall lsers. After removal of the borax which 
crystallises out, the mother liquor is used instead 
of water in the succeeding operation. After 
several operations, the mother liquor requires a 
special treatment. 

In this process, an ammonium biborate is 
first obtained by tho ammonium carbonate 
treatment of calcium'borate, and from this am* 
monium salt borax is obtained by double de¬ 
composition with sodium chloride. Boronatro- 
calcite may be used instead of pandermite if the 
process is slightly modified. 

Manufacture of borax from ulexite. 

Borax is <panufacfured from this mineral at 
tho various deposits, and also in England, 
France, and Germany, to whioh places it is ex¬ 
ported from Chile and California, selected and 
packed in sacks. 

Tho first operation consists in reducing the 
material to a state of fine division, and for this 
purpose a mill is used so constructed as to tear 
the borate to pieces instead of grinding it, which, 
owing to its fibrous silky nature, is found pre¬ 
ferable. _ , 

T-he borate is theg" mixed with its proper 
proportion of soda ash and bicarbonate of sooa» 
or soda ash and borio acid, having regarcLtt? 
the fact that, if associated with muoh gypsum, a 
proportionate additional allowance of soda teh 
must be made, as the gypsum decomposes the 
sodium carbonate, forming sodium sulphate 
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and chalk. The imposition of ulexite being 
tla J B,O n , Na a B 4 0., it requires one equivalent of 
bioarbonate of soda and one equivalent «f car¬ 
bonate of soda to decompose it: •* } 

2(Ca 3 B < 0 n Na s B 4 0 7 )-f2NaHC0 3 +2Na s C0 3 

=5Na 2 B 4 0 7 -f 4CaC0 3 -f H 2 0. 
These ingredients arl all mixed together in the 
dry state. The process adopted is similar to the 
processes already described—namely, that of 
first boiling the liquor in the saturator, then 
gradually adding the crude material, boiling, 
settling, lixiviating. 

100 parts of the ulexite, testing 43 p.c. boric 
aoid, require 10 parts of bicarbonato of soda 
and 12 parts of carbonate of soda, for its con¬ 
version into 117 parts of borax. 

Manufacture of borax from crude borax. 

This branch of the industry is generally 
carried on at the borax marsh. It may be 
desirable to give a description of the Saline 
Valley, Inyo county, California, where the moat 
extensive deposit of natural borax exists in 
North America, before entering into the details 
of refining. 

The valley, situated on the eastern slope of 
the Sierra Nevada Mountains, 11 miles from the 
Carson and Colorado railroad, is 18 miles long and 
12 miles wide, surrounded with mountainous hills 
which afford no outlet, and therefore the valley 
may bo said to be the bottom of a dried-up lake. 

At the point oh deepest depression an area of over 
1000 acres is covered with crude borax from 6 to 
18 inches in depth. The colour of the crude 
material as it lies upon the level plain is a peculiar 
grey yellow. The borax in Saline Valley is 
mixed with sand, which is volcanic ash and de¬ 
composed lime rook fc sodium sulphate, sodium 
carbonate, and sodium chloride. The surround¬ 
ing hills consist of granite, mafble, dolomite, 
black lava, and felspar. The composition of the 
crude material varies in strength from 10 p.c. of 
borax up to 90 p.c., whilst in somo places on the 
marsh—under a crust composed of sodium sul¬ 
phate, sodium carbonate, and common Balt—beds 
of tinoal, or large crystals of borax, some two 
feet in thickness, are found; whilst below the 
tincal there is a strong saturated yellowish 
liquor containing 1 lb. of borax to the gallon. 

All the manipulation that is required is to 
shovel off the surfaco of the marsh to a depth 

« f, 18 inches and cart the materia^ to long 
emispherioal wrought-iron pans set on arolies 
( of stone, fired beneath w^tfc wood fuel obtained 
in the neighbourhood. The pans f re charged 
wRh water, and the crudo material thrown 




„ stirred with long poles, until, 
with the aid of heat, all the soluble salts aro 
dissolved. The fires are then withdrawn, and 
the oontents of the pans allowed to settle for ten 
hours, when the liquor is drawn off into vats, 

where the borax crystallises out. The mother I jS'^Sodium perborate NaBO„4H,0. When 

i:___ -/a_■_ j ____i it. i_n nio____ i_:_: j_• j •.» mr, _ 


liquor after six days is drawn off, and the borax 
is taken out and paoked into sacks for shipment. 

Borax and boric acid are applied in the 
manufacturing industries as follows :— * 

Brick and tile makers. Glazed surfaces. 

Gan# makers. Prepafation of wicks. 

Cement . Making the finest kinds, which take a 
polish. 

China and earthenware « In preparing a frit 
used for glazing what is technically termed 


‘ biscuit ware ’ in pottery of all descrip¬ 
tions. * 

Colour makers. In preparing Guignet’s green 
and borate of manganese (a drier). „ 
Coppersmiths. In brazing. 

Druggists. Pharmaceutical preparations. j 
Enamelled iron. An enamelled coating to oast 
and wrought iron. 

Glass. Making pastes and as an* ingredient. 

Hat mdkers. Dissolving shellac for a stiffener. 
Ironsmiihs. in welding. 

Jewellers. In soldering. (Ancient name for 
borax, ‘ chrysocolla, gold-glue.) 

Laundresses. As a starch-glaze for linen. 

Paper makers. Superfine note and highly glazed 
paper and cards. 

Pork packers. Curing and preserving hams and 
bacon. » 

Safe makers. Lining safes to resist fire. 

Soap makers. As an emollient. J 

Tanners. Dressing leather. 

Textile manufacturers*. Solvent-bleach; mor- 
, dant; fireproofer. 4 

Timber merchants. In pseparation of hard from 
soft wood. 

Zinc borate is formed by adding borax in 
slight excess to u solution of a zinc salt. For 
conditions of formation, see B archers (Zeitsch. 
anorg. Chem. 1910, 08, 209). • 

Perborates are salts of the acid HBO s or 

/O 

HOB( I which has not been prepared in the 
H) • 

free state on account of its instability. The 
alkali and alkaline earth salts are soluble in water 
and have an alkaline reaction. They behave in 
solution like mixtures of borates with hydrogen 
peroxide; the active oxygen being liberated by 
heat, by acidifying the solution, or b;f large 
dilution. Oxydases, reductases, and manga¬ 
nese dioxide cause them to gjye up the whole of 
their reactive oxygen. They convert chromic 
aoid and molybdates into perchromic aoid and 
yellow permolybdates. They readily oxidise 
protoxides and their salts i^to higher oxides, but 
do not always fo.-m perboiates with them. 
Ferrous, mercurous, manganouf, and lead salts 
yield higher oxides; the salts of other metals 
yield perborates of*an indefinite or basic com¬ 
position. Perborates of the alkali metals may 
be obtained by careful precipitation of solutions 
of alkali borates with alcohol in the presence of 
hydrogen peroxide. 

Ammonium perborate NH 4 B0 3 ,Hj 0 is the 
best characterised of the several perborates 
resulting from the action of ammonia and 
hydrogen peroxide on ammonium borate. It 
contains 16‘84 p.c. of active oxygen. 

Potassium biperborate KB 2 0 fi ,2H 2 0 is 
obtained by the action of hydrogen peroxide 
on jjotassium borate. 


248 grams of boric acid are mixed with 78 grams 
of sodium peroxide and added gradually to 
2 litres of cold water, the mixture dissolves at 
first, but later a crystalline substance separates 
out which may be filtered off and dried* Thi% 
substance, which has a composition Na t B A Oa , 
10H 2 O, is called ‘ perborax,’ and is soluolf^m 
water to the extent of 42 grams jJlr litre at 11°. 
When one-half of its sodium is displaced by a 
mineral acid, a crystalline precipitate of sodium 
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'ftrborate Na0'0B<^+4H,0 separates out. 

This is very stable substanoe, and can be pre¬ 
served indefinitely at ordinary temperatures. 

dissolves readily with slight clecomposition in 
water at 50°-G0°, and a vigorous ebullition of 
oxygen takes place at 100°. The cold aqueous 
solution possesses all the properties of hydrogen 
peroxide. When powdered sodium perbbrate is 
added gradually to 50 p.c. sulphuric acid, and 
the solution filtered through guncotton a very 
strong (150-200 vols.) solution of hydrogen 
peroxide is obtained. V 

For the constitution of the perborates, arc 
Bosshard and Zwicky, Zeitsch. angew. Chem. 
1912, 25, 993. 

Organic Derivatives of Bori.* Acid. 

Aniline borate , and compounds of piperidine, 
coniine, tetrahydroqu inohnc, and tetramethyl- 
ammonium hydroxide, h&ve been prepared by 
L. & T. SpiegeW(J. Soc. Chem. Tnd. 1905, 103). 
The mentnyl and bcmyl esters are readily 
prepared by heating menthol and bomeol with 
boric acid, xylene being used as a medium in 
the latter case (Verein Chininfabnken, Zimmer 
& Co., Eng. Pad. 11574, 1900). 

Ethyl borumlicylute, or * boryl is prepared by 
boiling together 02 grams of boric acid and 
138 grams of salicylic acid with 200 c.c. of water. 
The resulting borosalicylic acid is estcrilied by 
adding 60 grams of 95 p.c. alcohol and heating 
with 40 grams of sulphuric acid. It forms needle- 
shaped crystals which are more convenient than 
oil of winter-green for many medicinal purposes 
(Cohn, Chem. Zentr. 1911, 1; 1806). 

Zinc boro pier ate, or ‘ chrysyl ,’ is the product 
obtaiitjd by boiling together boric and picric | 
acids, and saturating the mixture* with zinc ' 
oxide. It is a yellow powder used as a medicinal 
antiseptic (Monteil, J. Soc. Chem. Ind. 1908, 
354). 

Phenyl borate B(OPh) a , diphenylboric acid 
B(OH)(OPh) a , m-tolyl borate B(0C 6 H 4 Me) 3 , and 
ft-naphthyl borate B(C 10 H 7 O) 3 , together with 
several other afyl halogen boron compounds and 
■borobenzoic acid C() 2 H-C 6 H 4 , B(OH) 2 , have 
een prepared by MichaSlis (Annalen, 315, 
19-43), 

Borcitratea are valuable as remedies in cases 
of kidney disease and urinary calculi. Their 
solvent power for urates and phosphates is 
greater than that of lithium benzoate. The 
diborooitrates are best adapted for the purpose. 
The following are known 
Magnesiumtriborocitrate(C|H 6 0,) J Mgj(BjH 3 0 4 ) J 
„ diborocitrate (C 6 H t 0,)jMg 3 (B 2 H ? 0 4 ) 2 

„ monoborocitrate (C # ll 6 0 7 ) a Mg(BH.0. 2 ) 

.Lithium, potassium, sodium, and ammonium, 
mono-, di-, and tri-borocitrates of similar con¬ 
stitution have been prepared. Iron salts have 
also been obtained containing respectively 8 and 
16 p.c. of iron by acting on sodium di- and 
rflono-borocitrate with ferrio hydrate (Scheile, 
Pharnfe J. [3] 11, 389). 

c The magnesium compounds possess strong 
aafepptio • properties. 

Drtsciio]* and Estimation of Boron. 

Boron almost always occurs in the form of 
boric acid. When the aoid is in the free state j 


it can readily be recognised by the green colour 
which it gives to the dame, and by it* aotion 
upon Furmeric. 

tVmerio paper, when moistened with a solu¬ 
tion of boric acid and dried, acquires a oherry-red 
colour, which is changed to olive-green on moisten- 
ing with an alkali. Acid'solutions of zirconio, 
tantalic, niobic, and molybdic acids also colour 
turmeric brown. Cassal and Gerrans (Chem. 
News, 1903, 27) find that the sensitiveness is 
greatly increased by the addition of oxalic acid, 
and base a colorimetric method of estimation 
of boric acid on this reaction. 

The green colour imparted to flame is a very 
delicate test for boron (according to Merz, J. pr. 
Chem. 80, 487. 1 part in 1400 may be detected by 
means of it). It is, however, to be noted that 
salts of coppor likewise colour flame green, 
as well as certain compounds of chlorine and 
barium and thallium. When the boric aoid is 
combined with a base the compound in the state 
of powder is decomposed by means of sulphurio 
acid, ,and the borifc acid extracted by alcohol. 
Compounds not decomposed by sulphuric acid 
are fusod with potash and digestod with alcohol 
and sulphuric acid. 

The presence of boron in minerals may 
be detected by mixing the mineral in powder 
with a flux containing 1 part fluor-spar to 4£ 
parts hydiogen potassium sulphate, made into a 
paste with water, and heating the mixturo in 
the inner blowpipe flame, when boron chloride is 
given off which tinges the flame green ; or by 
mixing the suspected substance with fluor-spar 
moistening with concentrated sulphuric acid, 
and passing the escaping gas through a tube 
drawn to a fine point into the non-luminous 
bunsen fltfme, which it colours green. 

The spectrum of boron shows throe bright 
lines in the green and one in the blue. Hartley 
finds in the spectra of borio acid and borax the 
lines A3450-3, A2497 4 and a2496*3, which he 
considers characteristic of boron (Roy. Soc. 
Proc. 35, 301). (J?or the measurement of the 
intensity of these bands, v. Lecoq de Bois- 
baudran, Compfc. rend. 76, 883.) 

The quantitative estimation of boron is 
difficult, as all borates are soluble to some 
extent in water and alcohol, and borio acid 
cannot be heated without loss in oontact with 
water. 

One feiethod of direct determination is to 
precipitate tho boron as potassium borofluoride, 
which iB quite insoluble in alcohol (Berzelius, 
Lehrbuch, 3 ed. 10, 84 ; Stromeyer, Annalep, 
100, 82; Thaddedff, J. Soc. Chem. Ind. 1898, 

1 953). This method has been adversely criticised 
by Gooch and others, and has been almost 
entirely superseded. 

The most trustworthy method of estimating 
boron is due to Gooch. If the boron is not 
present as borio acid, it is brought into that 
state tyy heating for some hours in a sealed tube 
with nitric acid. The resulting solution is 
repeatedly distilled with methyl alcolfel, the 
boric aoid passing dver in the vapour. The 
distillate is tnen treated ^ith an exaotly weighed 
excess of pure lime, transferred to a platinum 
crucible, evaporated to dryness on the water, 
bath and strongly heated. The increase in 
weight repiesents the boric anhydride, 

Volumetrioally, borio acid may be estimated 
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accurately by titration with caustic soda, using 
henolphttolein as indicator, if about one-third 
I the buliof the solution of glycerol is julded 
(Thomson, J. Soc. Chem. Ind. 1894, 432; v. |lso 
Analysis). 

A freshly prepared solution of manna may 
replace the glycerol •(lies, Analyst, 1918, 43, 
3257). Tropaolin 0 (sodium-p-benzene-azore- 
sorcinol sulphonate) may be used for the direct 
titration of boric acid without tho addition of 
mannitol or glycerol. Soda is first neutralised 
by standard hydrochloric acid m the presence of 
methyl orange or p-nitrophenol, excess of sodium 
chloride not materially interfering with the 
accuracy of the method. The indicator is 
introduced as (M)4 p.e. solution (Prideaux, 
Zeitsch. anorg. Chem. 1913, 83, 302). 

Boron may be estimated indirectly by digest¬ 
ing a weighed quantity of the finely divided 
compound in a platinum vessel with hydrofluoric 
acid, and then with concentratod sulphuric acid. 
On warming gently, the boron present is expelled 
as fluoride, and after driving off the excess of 
sulphuric acid, the quantity of bases ih the 
residue is determined. Their weight, deducted 
from the weight of the original substance, gives 
the quantity of boric anhydride. 

When combined with potash or soda, boric 
acid may be determined by evaporating the 
solution of the previously weighed salt with 
hydrochloric acid, and determining the chlorine 
in the dry residue (Schweizer, Pliarm. Ceutr. 
1860, 372 ; J. 1850, 690). 

Crude boric acid (Italian) is usually valued by 
determining the water and the substances 
insoluble in alcohol, and taking the rest as being 
boric acid. According to Zschimmer (Chem. 
Zentr. 1901, [5] 44, ^nd [7] 67), tho results are 
inaccurate, on account of the wator not being 
completely driven off under the eonditions used 
(2 hours drying at 45° and 2 hours in desiccator). 

Boron is best estimated in tho prcscnco of 
silicates; e.g. in tourmaline, by tho method of 
G. W. Sargent, who has submitted all the 
processes published to examination and criticism 
(J. Amer. Chem. Soc. 1899, 858-888'. Tho 
mineral is fused with alkali carbonates, and, 
after lixiviating and acidifying, the boric acid is 
volatilised from the solution as the methyl 
ester. A convenient form of apparatus for 
rforming this operation is described. The 
ric ester is subsequently hydroly#ed by a 
weighed quantity of pure lime, and estimated, by 
Gooch's process. » 

A method for its estimation fn insoluble 
sflioates is also given by Wherry and Chapin 
(J. Amer. Chem. Soo. 1908, 1687-1701). 

A solution of boric acid produces no change 
of colour in solutions of helianthin, tropseolin, 
and methyl orange, but a drop of hydrochloric 
acid immediately changes the yellow colour into 
red. Borax may thus be titrated by the stronger 
acids (A. Joly, Compt. rend. 100, 103). 

(For the estimation of boric acid in fnineral 
water* v. Fresenms, Zeitsch. anal. Chem. 25, 
202 .) • * , 

To detect boric acid in milk, baryta is added 
to 100 o.o. of milk till*alkaline. After incinera¬ 
tion, the ash is dissolved in a little strong hydro¬ 
chloric acid, evaporated to dryness, and a solu¬ 
tion of turmeric with & drop of dilute hydro¬ 
chloric acid added, and the solution evaporated 
on a water-bath. 0*001 p.o. borio acid gives 


m 

a distinol colour to turmerio in this manner 
(J. Soo. Chem. Ind. 1887, 563). ^ 

Boric |cid may be rapidly determined in 
butter tfy stirring a weighed r quantity # with a 
known volume of warm standard sulphurio acid 
till melted, allowing to settle, and titrating a 
portion of the aqueous part with caustic soda, 
using phenolphthaleln. The pink colour appears 
when the sulphuric acid has be*i neutralised; 
glycerol is then added and caustic %oda run in 
till the colour reappears. The second titration 
represents the boric acid(Richmond and Harrison, 
Analyst, 1902, 179). 

BORON ATROCALCITE. An early name (G. L. 
Ulex, 1849) for the mineral ulexite, a hydrated 
borate of sodium and calcium NaCaB 5 0 9 ,8H 2 0. 
Most of tho natural borates exported from South 
America (Chile, Bolivia, and Argentina) are of 
this species; it is also abundant in the borate 
deposits of California and Nevada. L. J.^>. 

BOROVERTIN v. Synthetic drugs. 

BORSALYL. Track; name for sodium boro- 
salicylate. 0 

BORYL. Trade name for ethyl borosali- 
cylate. Prepared by boning together solutions 
of boric acid and salicylic acid and esterifying 
by the addition of qjeohol and sulphurio acid. 
Needle-shaped crystals. Used |ji medicine as a 
substitute for ethyl salicylate (Montgil, J. 
Soc. Chem. Ind. 1908, 354). 

BOSCH. An infenor butter prepared in 
Holland. The term is sometimes used as 
synonymous with margarine ( q.v.). « 

BOSTONITE. A trade name formerly in use 
for the Canadian serpentine - asbestos (v 
Asbestos). L. J. S. 

BOSWELLIA SERRATA (Roxb.) or GUGAL. 
The gum of this plant (ord. Burscrace «*) is used as 
an incense. It is often confounded witte bder- 
lium and olibanum(Dymock Pliarm. J. [3J7,190). 

BOTANY BAY RESIN v. Balsams. 

BOTRYOLITE v. Calcium. 

BOTTLE-NOSE OIL. An oil obtained from 
the bottle-nosed whale, closely resembling sperm 
oil; its sp.gr. varies fronv$>-876 to 0 880 (Allen, 
J. Soc. Chem. Ind. 2, 53). 

BOUILLON NOIR. Ferric Bcetate ( v . Acetic 
acid). 

BOU-NEFA. The root bark of Thapsia gar- 
gantca (Linn.), an umbelliferous plant growing in 
the South of Europo and Algeria. It oontains a 
rosin used as a medicine in France. 

BOURNEENE or VALERENE. A liquid 
hydrocarbon isomeric with oil of turpentine, 
secreted by the Dryobalanops aromatica (Gaertr.), 
and holding in solution borneol or Borneo cam¬ 
phor. According to Wallach (Annalen, 230, 
225; Chem. Soc. Trans. [2] 50,70), it is a mixture 
of the decomposition products of camphene. 

BOURNONITE. Sulphantimonate of copper 
and lead CuPbSbS 7i , crystallising in tabular 
orthorhombio crystals; these are frequently 
twinned and show re-entrant angles at the edges, 
hence the names ‘ cogwheel-ore ’ and ‘ wheel- 
ore.* It is found in Cornwall, Harz, &o.; and 
in Bolivia. It sometimes occurs in sufficient 
abundance to be used as an ore of copper and 
lead. L. J. S. 

BOVEY COAL v. Fuel. 

BRAGA. An aloohoiio bevfrage used in 
Roumania, prepared by the fermentation oi 
millet. The seed is boiled with about 12 time* 
its weight of water for 14 hours, the resulting 
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rtacous mass cooled, stirred with water and | 
flowed to ferment. The liquid is filtered and' 
mixed with wat^r, when it is ready (for sale. 
It is somewhat sweet, and contains about 1-3 p c. 
of alcohol by weight. . 

<- SRAM'S POWDER. An explosive consist mg 
of 60 parts of a mixture of potassium ohlorate, 
potassium nitrate, wood charcoal, and oak saw¬ 
dust saturated with 40 parts of trinitroglycerine 
(Wagner’s Jahr. 22, 470). c 

BRAN. The name given to the coarser frag¬ 


ments, consisting mainly of the outer layers, 
which are produoed m the grinding of nulling or 
oereaLor other seeds. When the t&m is used 
without any descriptive adjeotive, the produot 
from wheat is usually understood; but maize, 
barley, buckwheat, rve, oats, even peas and 
earth nuts, when milled, yield products whioh 
are described as ‘ bran.’ 

The following analyses, compiled chiefly 
from German and American sources, show the 
general average composition of various ‘ brans ’: 


— 

Water 

Protein 

Fat 

Sol. carbo¬ 
hydrates 

Fibre 

Ash 

Wheat bran, fine .... 

13-2 

15-0 

4-8 

54-0 

8-0 

4-0 

„ „ coarse .... 

13-2 

14-3 

4-2 

02-2 

10-2 

0-9 

„ „ spring wheat 

11-0 

16-1 

4-0 

04-0 

8-0 

5-4 

,, ,, winter wheat 

12-3 

16-0 

4-0 

53-7 

8-1 

0-9 

Ryr bran (German) .... 

12-5 

16-7 

3-1 

08-0 

0'2 

4-0 

„ „ (American) .... 

Barley bran / 

11-6 

14-7 

2-8 

03-8 

3-0 

3-0 

10-5 

14-8 

3-0 

07-0 

8-0 

0-0 

Oat bran . .. 

9-6 

7-fl 

2-7 

03-8 

21-6 

0-7 

Maize bran . . ’. 

12-0 

' 9-9 

3B 

61-0 

9-0 

3-0 

Rice bran. 

9-7 

12-1 

8-8 

49-9 

9-0 

10-0 

Buckwheat bran, fino 

12-0 

15-2 

4-5 

00-0 

11-3 

7-0 

„ „ coaisc - r 

10-6 

8-0 

1-8 

34-2 

37-6 

2-8 

Pea bran . «. 

11-7 

1 C-8 

1-7 

46-2 

20-1 

3-5 

Earth nut bran. 

10-5 

21-8 

18-1 

24-7 

10-0 

0-4 


The digestion coefficients for the constituents 
of most varieties of bran are low, so that their 
food value is in general not so high as the analyses 
would indicate. 

The character and composition of the bran 
from any particular grain is liable to considerable 
variation, according to the method of milling 
adopted. As a rule, the less perfectly the com 
is ground, the richer is the bran in meal and 
therefore in feeding value. 

It will be noticed that bran is much richer 
in protein, fat, ash, and fibre than the fine por¬ 
tions of the meal from the same grain. 

In the case of wheat, the finer portions of the 
bran are known as ‘ midillmgs ’ and ‘ sharps ’ or 
‘ shorts.’ Usually tho last term denotes the 
portions which most nearly resemble bran, while 
‘middlings’ refers to an intermediate product 


more approximating to flour in composition, 
though much richer in protein, ash, and fibre. 

The processes employed in the milling of 
wheat, however, are so complex that about 80 
or 100 products are separated. For a study of 
the composition of the various products of a 
modem roller mill, sec Clifford Richardson (Bull. 
No. 4, y.S. Dept, of Ag.-ic. Div. of Chemis¬ 
try, repioducwl in part 9, Bull. 13, [1898]). 
Usually, about 70 to 76 p.c. of tho wheat is ob¬ 
tained as flour of various grades, about 20 p.o. 
as bran, 3 or 4 p.c. as ‘ shorts,’ and the remainder 
as screenings and loss. 

Wcinwurm (Oesterr-Ungar. Zeits. Zucker- 
ind. u, Landw. 1890) found that from Hun¬ 
garian wheat, 20 p.c. of bran of three degrees of 
fineness were obtained, possessing the following 
composition:— 


— 

Yield 

p.o. 

Water 

Composition of dry matter 

Protein , 

Iosol. Sol. 

In dil. acetic acid 

Fat 

Sol. carbo¬ 
hydrates 

Fibre 

Ash 

Fine bran 

Medium bran . 

Coarse bran 

16 

2 

2 

11- 35 
11-00 

12- 37 

13-00 

13-38 

13-44 

3-00 

2- 72 

3- 17 

4- 

4-04 
3-90 ‘ 
3-46 

03-64 

03-97 

02-13 

8- 71 

9- 08 
9-70 

0-60«- 

0-89 

7-01 


Snyder (Studies on Bread and Bread - 
making at the University of Minnesota, 1901) 
exammed the products from the milling of wheat 
by the American methods, using a hard Sooteh 
life wheat. 

The shorts and bran obtained had the follow¬ 
ing composition:— 

U ' c Protein Total carbo- 

Water (NX&-7) Fat hydrates Aril Acidity 

ShdWtf 8-73 14-87 6-37 65-47 4-56 0 14 

Bran 9*99 A4-02 4-39 65-54 6-06 0-23 

The aoidity is expressed in terms of lactic acid. 


The carbohydrates of bran have been in¬ 
vestigated by Sherman (J. Amer. Chem. Soc. 
1897, 19, 291). He found the following average 
percentages in wheat bran:— 

Total soluble carbohydrates calcu* 
lated as dextrin . . . *2 p.c. 

Starch . . * * . . . 17-7 

True pentosans . . 17*5 

Lignin and allied substances , 11*6 
Cellulose ..... 8*5 

Total carbohydrates . . 02*5 
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Other investigators — Tollens, Chaknot, 
GUnther and Stone—have found from 22 to 
25 p.o. of pentosans in wheat bran, while .maize 
bran oontainB about 40 p.c. § 

Girard (Compt. rend. 1897, 124, 926) elves 
the results of the examination of by-products 
from wheat—presumably shorts and bran—by 
a method different from the conventional one. 

In estimating the amount of water-soluble 
matter in products from seeds, he pointB out the 
necessity of using ioe-cold water, otherwise the 
enzymes present may act upon the constituents 
of the seed, and greatly increase the amount of 
matter soluble in water. 

The following are the moan figures calculated 
from analyses of the by-products from four 
French wheats:— 

Water Soluble in water Insoluble in water 
14-72 10-63 74-65 

The matter soluble in water consisted of— 
proteids 2-70, carbohydrates 6-16, inorganic 
matter 1-77. The matter insoluble in water 
consisted of—gluten 4-55, Starch 28-08, fiitro- 
gonous woody matter 5-70, fats 3-17, cellulose 
30-22, inorganic matter 1-94, loss and undeter¬ 
mined 0-99. 

The mineral matter in bran is very high as 
compared with that in tho rest of the seed, being 
usually between 5 and 6 p.c., whilst that in flour 
is usually loss than 0-5 p.c. 

The ash of bran is particularly rich in phos- 
phorio acid, but poor in lime. The following 
analysis by Wolff gives its usual composition :— 
K,0 Na,0 MgO CaO P 2 0 8 Si<) 2 

24-0 0-6 16-8 4-7 51-8 1-1 

There is a widespread belief that bran is 
particularly well fitted, because of its richness 
in mineral matter, to supply tho needs of 
animals with reference to the dc 4 iilopment and 
nutrition of bone. But from a study of a bone 
disease among horses and mules in South Africa, 
it has been deduced that for normal bone nutri¬ 
tion it is necessary that aniipals be supplied, in 
their rations, with phosphoric oxide and lime in 
approximately equal proportions by weight 
(Ingle, Jour. Comp. Path, and Therapeutics, 
1907, March, also Jour. Agric. Science, 1908, 
3, 22). From this point of view, bran is 
particularly ill suited to aid bone development, 
since it contains an overwhelming preponderance 
phosphoric acid over lime, being i% tho ratio 
bf 100 to 9 in tho above analysis, while in some 
samples it is as high as IgO : 5-5. That bran 
baa an injurious action upon bote nutrition 
wften used in large quantity, is shown by the 
occurrence of a peculiar bone disease in horses 
known as ‘ bran rachitis* or ‘ millers’ horse 
rickets,* observed in animals fed largely on bran. 

The phosphoric acid in bran, however, does 
aot exist entirely as metallio phosphatos. Ac- 
jording to Patten and Hart (Bull. 250, New 
York Agrio. Expfc. Station, 1904) about 68 p.o. 
of the total phosphorus is extracted by 0-2 p.o. 
hydrochloric aoia solution, and of this, nearly 
the whole exists as anhyflro-oxymethylene dl- 
phoaphoric acid CjH^Ob 

= s (0H) 8 0P0-CH s1 -0-CH 2 -0P0(0H) 9 
a substance first isolated by Postemak (Revue 
General de Botanique*, 1900, 12, 5 and 65; 
Dompt. rend. 1903, 137, 439). In bran, this 


acid exists in combination with magnesium, 
calcium, and potassium. # 

According to more reoent.views (Anderson, 
J. Biol. Chom. 1915, 20, m, 475, 4£3, and 
493 ; Robinson and Mueller, Biochera. Bull. 
1915, 4; 100; Clarke, Chem. Soc. Trans. 191§, 
360) the phosphorus in bran is mainly in com¬ 
bination with inositol, the triphosphate 
CgHj jOj 5 P 3 and the hexaphosph&te C 6 H l 8 0 2 40 6 
being -the most important. Anderson (l.r.) 
finds that wheat bran contains about (H p.c. 
of inorganic phosphorus, i.e. about 11 p.c. of 
the total soluble phosphorus. 

The froo acid, when heated with mineral 
acids, or with the enzym c-phytase (q.v.), is 
hydrolysed, yielding inositol and phosphoric 
acid 3C 2 H*P 2 0 fl +3H 2 0=C 6 H 12 0 # -f 6H 3 P0 4 . 

Bran is largely used as a food^Jor farm 
animals, but has a weakening effect upon 
digestion if used in largo quantities, kb is 
more suitable as a food for fattening than 
for working animals. * Owing probably to its 
jpechanical action on the bowelj, it has a purga¬ 
tive effect. If used lar^ly for milch cows, it 
tends to make the butter soft. Similarly, large 
quantities of bran given to fattening animals 
tend to lower the meeting-point of the body-fat. 
This is an advantage in the production of mutton 
or beef, but a disadvantage with bacon. J 

Bran is also largely used in tanning leather. 
(For a description 01 the process and of the 
changes occurring in the fermentation of bran 
so employed, see Wood and Wilcox, J. Soc. 
Chem. Ind. 1893, 422, and 1897, 510.) H. I. 

BRANDY. (Kau-de-vte, Fr.; Brannlwcm, 
Ger.) The term 1 brandy ’ is an abbreviation 
of ‘ bran<ly-wine ’ the original English form of 
the word, which occurs also in all the Teutonic 
languages of Northern Europe, and signifies 
burnt or distilled wine. The latter term (wine) 
in its widest sense includes the product obtained 
by fermentation of all natural fruit juices or 
extracts from grain, and not fermented grape 
juice only. Old English Acts of Parliament 
refer to 4 brandy ’ and 4 aqya vitas ’ made.from 
malted com, whilst tho German word brannt - 
win is applied to strong ^potable spirits 
generally without implying that such spirit is 
necessarily derived Irom wine. At the present 
time, however, the 4 brandy * of commerce is 
almost universally understood to be a spirit 
derived exclusively from the grape. 

Besides alcohol and water, the principal 
constituents of brandy are acetio, butyric, 
cenanthic, and valerianic esters, acetio acid, a 
small quantity of a volatile oil, and a little 
fixed acid, tannin, and colouring matter. When 
new, brandy is colourless, but gradually ao quires 
a yellowish-brown colour by storage in oak casks. 
The required colour for particular brands is, 
however, usually obtained by the addition of a 
solution of caramel or burnt sugar. Genuine 
brandy of good quality has a sweet mellow 
ethereal flavour, without any suspicion of the 
4 fiery ’ or 4 earthy ’ taste common to inferior 
or fictitious brandies. 

The bouquet of brandy depends upoi*(a) th^ 
nature and quality of the wane from which it 
has been produced; (6) the conditions trfffhfr 
whioh the wine has been fermefited; (c) the 
method of distillation employed; and id) the age 
of the brandy. The characteristic flavour of 
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brandy is said to be due chiefly to oenanthio [ 
«jter (ethyl pelargonate), but it varies with the 
total amount an? relative proportions *of other 
volatile* constituents present. According to 
Ordonneau, the peculiar fragrant o^our of 
brandy is due to a very small quantity of a 
terpene which boils at 178®, and which, on 
oxidation, give^ the characteristic flavour to old 
brandy. , 

Over 90 p.o. of the brandy imported Into the 
United Kingdom comos from France, the finest 
grades being Cognac and Armagnac, so named 
from the French,towns in which they wore 
originally distilled. But little brandy is now 
distilled in Cognac itself, the greater part being 
produced on the brandy farms of the surrounding 
districts. Other brandios of less value commer¬ 
cially are ihoso of the Midi and tho districts of 
Aude, Gard, Herault, and Pyrenees Occidontales, 
con&ionly known as the ‘ Trois-six de Mont¬ 
pellier.’ Marc brandios # are distilled from the 
fermented * marc ’ or refuse of the wine-pross as 
well as from thevloos of the wine-casks. < 

Whilst the term ^Cognac * has by custom 
come to be used almost as a generic term for 
‘ brandy,’ it is, strictly speaking, applicable only 
to spirits made from wine* grown in the Cognac 
region, which 6omprises a certain part of the 
two departments of Charento and Charento 
Inferieuro, also Dordogne and Les Deux-Scvres. 
A strict delimitation of the Cognac area has 
been mado by the French Government by 
decree dat&l 1st May, 1909, and tho region is 
looally subdivided into the Grande or Fine 
Champagne, the PotiteChampagne, the Bordenes 
and the Bois, according to the quality of the 
wine produced. 

The soil of tho district is mainly calcareous, 
and the grape is a small white berry with very 
acid juice, producing a wine of inferior quality 
for drinking purples. (For the extraction and 
fermentation of the grape juice, see Wine.) 

As the reputation of the brandies of the 
Cognac and Armagnac districts depends so much 
upon their bouquet, they are submitted to slight 
rectification only, and distillation is therefore 
usually conducted in a simple ‘ pot ’ still by the 
professional distiller as weJJ, as by the farmer. 
The still, which varies in content from about 
150 to 200 gallons, is usually enclosed in brick¬ 
work, with only a small bulbous hoad exposed, 
and is generally heated by means of a furnace, 
wood being considered the best fuel. In a few 
distilleries tho stills are heated by steam. Occa¬ 
sionally, a subsidiary vessel, filled with wine and 
called a ‘ chauffo-vm,’ is attached to the still, 
and through it the pipe conveying the spirit 
vapour to the refrigerator passes, heating the 
wine so that the latter is quickly raised to 
boiling-point when subsequently passed into the 
still, ^thereby effecting a saving of fuel. Two 
distillations are made, termed ‘ brouillis ’ and | 
‘ bonne-chauffe,’ corres 
the ‘ low wines ’ and 
distiller. 

In some distilleries the finished spirit is 
$rodu<&d at one continuous distillation by means 
g§ j ^at ill described as ' h premier jet.* In this 
TornSof still, f vessel is attached to and above 
the head of the still, and through it the spirit of 
the first distillation is oonveyed. This spirit is 
attain vapourised by the heat of the spirit vapour 


ponding respectively with 
' spirits ’ of the whiskey 


risii% from the still itself on its way to the 
refrigerator. The spirit produced in this way 
is not considered so fine as that obtained by the 
pof ftill, but it is of higher strength and more 
suitable for the manufacture of liqueurs. 

The quality of the spirit depends greatly on 
the care with which the distillation process is 
carried out. The stills should be worked slowly 
and regularly, the normal time for the complete 
distillation of a charge being about ten hours. 

The quantity of wine used in the prooess of 
manufacture is relatively very great, the amount 
of brandy produced from a given measure being 
only from 10 to 15 p.o. The strength of tho 
wine varies from 4-5 to 9 p.o. by weight of pure 
alcohol, or approximately from 10 to 20 p.c. of 
proof spirit, tho average being 6-5 p.c. of alcohol, 
or 14 p.c. of proof spirit. Tne finished spirit as 
run from tho still contains about 64 p.o by weight 
of alcohol, equivalent to a strength of about 
25 over-proof. The brandy, as received from 
tho farmers, is blended and diluted in vats, 
swoejened with dane sugar, slightly coloured 
with caramel, and filtered (if necessary) into 
storage vats in which it is maturod. 

The French Government has by various laws 
and decroes of the years 1905 to 1909 prohibited 
the description ‘ Cognac ’ to be applied to any 
mixture of Cognac or othor wine spirit, with grain 
or beet spirit, and has further provided that 
labels, marks, &c., bearing the word ‘ Cognac 
should signify that the spirit in question is 
solely the product of the Cognac region {vide 
supra). 

The simple pot stills and the modified stills 
known as ‘ k premier jet,’ above referred to, as 
being used in the Charente districts, are not 
suitable fqg; winos having » strong earthy flavour 
(‘terroir’} or othor undesirable qualities. In 
such cases, a§ in tho brandies of the Midi, the 
Rocholle distriot, and the marc brandies of 
Burgundy, stills of a more complicated nature 
are employed, owing to the necessity for a greater 
degree of rectification. In these the distillation 
is continuous, and in the Rochelle district and 
the islands of tho N.W. coast, a pot still with 
a rectifying head, Jpown as the * Alembic des 
lies,’ is employed, whilst in the south the 
distilling column consists of a series of compart¬ 
ments separated by plates or ‘plateaux,’ con¬ 
nected with taps by means of which it is possible 
to take off the spirit at a higher or lower strength 
as desired. These stills are generally heated by 
diroct fire. % * 

Immense quantities of wine are produoe4,in 
the Midi for conversion into brandy, the grapes 
of this region being unsuitable for making good 
wine. This is attributed to the effects of the 
Phylloxera , which devastated the whole of the 
Charente distriot in the years 1875-1878. Before 
this time, most of the brandy exported to the 
United Kingdom was genuine Cognao, but the 
destruction of the Charente vineyards stimulated 
the production of brandy in other parts of Franoe 
as well as in other countries. The vineyards of 
the Cognac distriot were replanted with American 
stocks, on which Chareate vines were grafted, 
and the result has been highly successful; but 
in the south of Franoe the vineyards ravaged by 
the phylloxera were replanted with vines which 
were not appropriate *to the soil, Mid which 
yielded wine in great quantity but at the sacrifice 
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of good duality, ifence the use of the rectifying 
stills in tne Midi and the large quantity of brandy 
produoed. Most of this is consumed in Fiance. 
The spirit derived from diseased or unsound jvjnes 
is highly rectified and used for industrial pur¬ 
poses. The cheapness of wine, therefore, affords 
little or no inducement to the distillers of the 
Midi to use beet or grain as the raw material for 
the production of their brandies. 

The relative values of the spirits above 
mentioned may be gathered from the average 
prices per proof gallon in 1909, which just 
before the war (1914) were from Is. 6 d. for 
brandy of the best Cognac district (Champagno) 
to 35. for Bois brandy, the cheapest in the 
Cognac district, whilst Midi brandy was 2s., 
and grain and beet spirit about Is. 3d. (f. o b.) 
per proof gallon. 

Maro brandies or eauz-de-vte de ma\K> axe, 
as the name implies, derived from the maro or 
refuse of the grapes after the juice has been 
extracted. They have a strong earthy flavour, 
and usually are very rich in secondary products. 
They are therefore often added to other wine 
spirits to impart the brandy character, or 
admixed with neutral spirit from grain, beet, 
&c., in the preparation of fictitious brandies. 

Algerian brandy is of high quality, rosembling 
Cognac, and is generally sent to France, whenco 
considerable quantities are reshipped from the 
Charente district to the United Kingdom. 

Brandies are produced in most other wine¬ 
growing countries, especially when, owing to 
over-production of wine, or some defect in its 
quality, it becomes more profitable to convert it 
into spirit than to dispose of it as ‘ wine.’ The 
most important commercially are from Spain, 
Egypt, Germany, Sc*ith Africa, and Australia, 
but the quantities of those exported to the 
United Kingdom are small as compared with 
French brandies. 

The Spanish brandies are similar in character 
to the French, and command a high price. 
Genuine Egyptian brandy is mado from fresh 
grapes, although the wine grape is not cultivated 
in Egypt- Tho grapes are imported into 
Alexandria from Southern Turkey, Greece, 
Cyprus, and Asia Minor, a'hd there mado into 
wine from which the brandy is distilled. They 
have a strong characteristic flavour, much 
appreciated by consumers of the cheaper brandies. 
Spurious brandies of doubtful origin, but 
described as 4 Egyptian,’ are also on tho market. 
They are probably made fi%m the currant grape 
grown in Greece and Asia Minor, and have no 
right to the title of ‘ Egyptian,’ beyond the faot 
that they are exported vid Alexandria. Increas¬ 
ing quantities of brandy of fair quality are being 
produced in South Africa and Australia. The 
so-called 4 dop ’ brandy of South Africa is 
produoed in the same way as the Frenoh 4 maro ’ 
brandies, and has similar characteristics. 

The natural improvement observed in 
genuine brandies by 4 ageing ’ is always accom¬ 
panied by a rise in the quantity of the secondary 
constituents due to the fdtmation of oxidation 
products (aldehydes &«d acids) and esters, as 
well as to concentration due to loss of alcohol 
and water. The higher alcohols also tend to 
inorease, and furfural to diminish, with age. 
Aocording to Duplais, thb mellowneswdue to age 
may be imparted to new brandy, making it nt 


for immediate use, by adding the following to 
every 100 litres: old rum, 2'0 litres; old kirsek, 

I 75 litres*; syrup of raisins* 2*0 litres; and 
infusion of walnut hulls, 0*75 litre. Low wines 
which ta,ve been kept for some months in casks 
containing clear rain-wator preserved by tl^ 
addition of 10 or 12 p.c. of strong brandy (85°) 
are also used for a similar purpose. 

Whilst there is a legitimate use pf colouring 
which *bas become practically an essential 
character of the brandy of commerce, the colour 
acquired by old brandies, owing to long storage 
in casks, is often simulated in order to give to 
new brandies a fictitious appearance of age by 
means of a tincture of oak extract obtained 
from chips, shavings, or sawdust of the white 
oak used at Cognac for making brandy 
casks. « 

Brandy was formerly described in the 
British Pharmacopoeia, as ‘Spiritus Vini Gaftici,’ 
thus implying the French origin of the spirit, 
and was defined as 4 a’spirituous liquid distilled 
from wine and matured by age* and containing 
not less than 36£ p.c. ky weight, or 43£ p.c. 
by volume of ethyl hydroxide ’ (approximately 
76 p.c. of proof spirit). 

This definition, however, takes no cognisanoe 
of the nature, quantity, or relative proportions 
of tho secondary products to which the peculiar 
medicinal properties of brandy are attributed, 
and in view of the variations in these con¬ 
stituents even in the brandies of commerce 
known to be genuine, and the difficulty of 
arriving at any satisfactory standard, the 
British Medical Association eliminated 4 brandy ’ 
in the last edition of the British Pharmacopoeia 
published in 1914. 

The following standards of purity are pre¬ 
scribed by the United States Pharmaflbpoeia. 
Brandy should be at least 4 years old; its 
alcoholic content from 39 to t 47 p.c. by weight 
(81-96 p.c. British proof spirit); specific gravity 
not exceeding 0-941 nor less than 0-925; the 
residue should not, on the volatilisation of the 
last traces of alcohol, ovolvo a marked disagree¬ 
able odour oi fusel oil, and should not exceed 
1*5 p.c.; also the residue froirf 100 c.c. should 
dissolve readily in 10 c.c. of cold water, and 
should bo free from* more than traces of tannin 
(t.e. should not give more than a pale-green 
colouration on the addition of a dilute solution 
of ferric chloride); and the acidity should 
require not more than 1 c.o. of decinormal alkali 
for neutralisation using phenolphthalein as an 
indicator. 

Under the Sale of Food and Drugs Act, no 
standard for brandy is fixed beyond the limita¬ 
tion of strength (in common with whiskey and 
rum) to a minimum of 25 p.c. under proof, below 
whioh it may not legally be sold without the 
faot of dilution being declared. This is now 
(during the war) superseded by special legisla¬ 
tion, which permits of spirits being reduced to a 
minimum strength of 50 p.c. under proof and 
30 p.c. under proof aB a maximum strength at 
which they may be sold as a beverage. The 
strength of brandy as imported into the^Unitwk 
Kingdom varies considerably, but the avera ge 
is about 5° below proof, or 46-5 p.o. of floonol 
by weight. 

Ordonneau (Compt rend. 102, 217) subjected 
100 litres of 25-year-old brandy to fractional 
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distillation, and obtained the following substance 
estimated in grams per hectolitre :— 


Aldehyde . *■ 

. r 3-0 

Norte al propyl alcohol . 

. 40 0 

Normal butyl alcohol . 

. -X18 0 

Amyl alcohol 

. to'8 

Hexyl alcohol 

. 0'6 

Heptyl alcohol 

. 1-5 

Acetic etter 

. 35-0 

Propionic, butyric, and caproio esters 3*0 

(Enanthic ester (about) 

. 4-0 

Acetal and'amines 

. traces 


Morin (Compt. rend. 105, 1019) distilled 92 
litres of pure cognac in Claudin and Morin’s 
apparatus. The first portion of the distillate 
contained the more volatile bodies ; the second 
consisted 'of tolerably pure ethyl alcohol; the 
third, tho higher-boiling alcohols, &c. The 
residue, chiefly water, was tested for free acids, 
wobutyJglycol and glycerql. 

The first three portions were then fraction¬ 
ated, 5 litres of light alcohol, 55 litres of pure 
ethyl alcohol, and 3-1? litres of higher-boiling 
compounds being obtained. The latter fraction 
smelt strongly of fusel oil, and 'possessed a 
burning taste. The water femaining behind was 
added to that a/ready obtained. The fractions 
were then redistilled in Le Bel and Henninger’s 
apparatus. The fusel oil portion, which after 
dehydration by potassium carbonate weighed 
352 grams, gave: 


Water 

grams 
. 7 

Ethyl alcohol 

. 130 

Normal propyl alcohol 

. 25 

/*obutyl alcohol 

. (1 

Amyl alcohol 

. 175 

Ftlrfural . 

. 2 

Wine oils . 

. 7 


The water contained a little acetio and butyrio 
acids, and a small quantity of a viscous liquid 
whioh distilled undecomposed under diminished 
pressure, and appeared to consist of isobutyl 
alcohol and glycerol. The residue contained 
"tannin, together,jWith substances extracted from 
the wood. 

In the following table :* 1 shows the com¬ 
pounds contained in 100 litres of the cognac ; 
.2 shows the same obtained by the fermentation 
of 100 kilos, of sugar 


Aldehyde 

grams 

trace 

grami 

trace 

Ethyl alcohol 

50,83700 

50,615-0 

Norm, propyl alcohol 
/sobatyl alcohol . 

27-17 

20 

0-52 

1-5 

Amyl alcohol 

190-21 

510 

Furfural bases 

219 

— 

Wine oil 

7-61 

2-0 

Aoetio aoid . 

trace 

— 

Butyric aoid 

trace 

— 

Zsobutyl glyool 

2-19 

— 

Glyoerol 

4-3S 

— 


Butyl alcohol was absent; furfural was 
detected directly by the addition of aniline to 
the c(%nao, a red oolouration being produoed 
inthuftpresenoe of aoetio acid. It will De observed 
ftatwobutyl alcohol is present only in small 
quantity, whilst in Ordonneau’s results, it is 
absent altogether. 

The analytical data usually relied upon for 


discriminating between genuine brandies and 
those blended with nentral spirit are (a) volatile 
acids? (6) aldehydes; ( c ) esters; (d) higher 
alcohols; and (e) furfural. The results are 
calculated in parts per 100,000 of absolute 
alcohol, e.g. in milligrams per 100 c.o., or grams 
per hectolitre. The total amount of the 
seoondarv products expressed in this manner 
is termed the ' ‘ coefficient of impurities,' or 
preferably the 1 coefficient non-aloohoL’ The 
standard coefficient suggested by Girard and s 
Cuniasse for genuine brandy is 300, of which not 
leis than 80 should be esters. In calculating tho 
proportion of neutral spirit in a mixture, allow¬ 
ance should be made for tho small amount of 
secondary products present in neutral spirit. 
The average coefficient for industrial alcohol, as 
shown by the analyses of Girard and Cuniasse, 
is 17 and the esters 8. 

(For a detailed description of the methods of 
analysis employed, see Thorpe, Minutes^ of 
Evidence taken by the Royal Commission on 
Whiskey and othef Potable Spirits, ii. Appen¬ 
dix Q„ xii. 1909.) 

The causes which affect the characteristic ' 
bouquet of the wine naturally influence the 
proportion as well as the character of the 
volatile matters inoluded in the 4 coefficient' of 
the brandy. Thus the proportion of acids and 
esterB is considerably augmented if the wine 
becomes sour, and, speaking generally, the 
aldehydes are higher in white than in red wines. 
Also in regard to distillation, the aldehyde and 
more volatile esters are found mainly in the 
first runnings (‘ produits de t&te'), whilst the 
higher alcohols and furfural occur in largest 
quantity in the tailings (‘ produits do queue ’). 

In Jhe brandies of Chreente and Armagnac 
the coefficient is usually rather high, but 
ordinarily, in cognacs and fine champagne, it 
ranges between 275 and 450, although occasion¬ 
ally it falls considerably beyond these limits. 
Brandies obtained from wines of the Midi and 
from Algeria- show much wider variations, 
ranging from 25 (indicating strong rectification) 
to 600. Marc brandies have almost invariably 
a very high coefficient, ranging from 600 to nearly 
1500, and in these, aldehydes often form a.large 
proportion. 

Attempts have been made to fix minimum 
and maximum values for the coefficient, but 
without Auch success, the former with a view 
to the detection of the admixture of neutral 
spirit, and £he latte! to restrict the amount of 
secondary products for hygienio reasons. The 
effect of suoh limits would be to condemn many 
brandies that are undoubtedly genuine and even 
of high commercial value. 

From the hygienio point of view, the esters, 
furfural, and especially the aldehydes, have a 
much more deleterious action on the human 
system than the higher alcohols, whilst the 
acids, particularly acetic, which frequently forms 
a large proportion of the coefficient, cannot be 
said- to have any detrimental influence. 

The French Government, in 1904, instituted 
an inquiry by’the Technical Committee of 
(Enology into the possibility of fixing standards 
for the total amount of secondary products 
(‘coefficient non-aloohol’) of genuine brandy, 
but the conclusion arrived at was that neither a 
minimum nor a maximum limit pould he recom- 
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mended owing to the extremely variable charaoter 
of brandy, not only with respect to the co¬ 
efficient as a whole, but also in regard ty|the 
proportions of the volatile constituents relatively 
to each other. Chemical analysis should not 
be relied upon alone, hut should be supplemented 
and its results confirmed by expert tasting 
( l degustation *). 

British brandy is usually made from grain 
spirit distilled with certain flavouring materials, 
or by adding flavouring ingredients to the spirits. 
It is frequently mixed with foreign brandy, and 
is largely used for cooking purposes. 

Amongst the flavouring ingredients used in 
the manufacture of artificial brandies (including 
British brandy) may be mentioned the following : 
oenanthic ester, tincture of catechu, balsam of 
tolu, acetic ester, argol, cognac oil, essence of 
cognac, infusions of bitter almond shells, tea, 
ahd walnut hulls, liquorice root-, prune juice, 
rum, syrup of raisins, vanilla, &c. So-called, 
‘ cognac essences ’ contain* mixtures o£ the 
aromatic compounds just mentioned, whilst 
‘ cognac oil ’ is made by the distillation of a 
mixture of alcohol, coco nut oil, and sulphuric 
acid, oenanthic ester being one of the products. ’ 

Cider brandy is manufactured in the United 
States and Canada from cider and perry. 

Danzig brandy is made from ryo ground with 
the root of Calamus aromaticus. 

Guernsey brandy is the spirit of beet root 
flavoured to imitate true brandy. 

Hamburg brandy is said to consist of potato 
or beet-root spirit as a basis, flavoured with 
essences or by the addition of inferior brandy, 
and coloured to represent genuine brandy. 
Similar imitation brandies appear to be made in 
the north of France, in Belgium, and in other 
foreign countries. (Girard and cuniasse, Man. 
pratique do 1’Analyse des Alcools et des Spi- 
ritueux ; Schidrowitz, Analyst, June, 1905, and 
June, 1906; Thorpe, Nature, 3 Nov. 1904; 
and Report of Royal Commission on Whiskey 
and other Potable Spirits, 1908-9.) J. C. 

BRASS v. Zinc. 

BRASSIC ACID v . Brassidic acid. 

BRASSIDIC ACID (Brahic acid) 

C,ITfP >C;C< Cc„H J2 -CO s n 

is isomeric with eruoio acid (g.t>.), fro ill which it 
may be obtained by the action of nitrous acid 
(Haussknecht, Annalen, 113, 54; Reimer and 
Wfil, Bor. 1880, 3321; Websky, Jahrb. Chem. 
1853, 444; Fitz, Ber. 1871, £44) ; by treatment 
with hydrogen bromide in acelic acid solution, 
monobrombehenio acid C 22 H 48 0 2 Br, being also 
formed (Ponzio, Gazz. chim. ital. 35, ii. 394); and 
by heating with concentrated sulphurous acid 
at 200° (M. K. and A. Saytzow, J. Russ. Phys. 
Chem. Soc. 24, 482; J. pr. Chem. 50, [2] 78). 
It may also be obtained by heating bepenolic 
acid with zinc and aoetic acid, and a few drops 
of hydrochloric acid (Holt. Ber. 1982, 962)#and 
by the reduction of mdfiobrombraasidio acid, 
which is obtained by treating behenolic acid with 
hydrogen bromide (Hasse and Stutzer, Ber. 
1903, 3601). Brassidic acid crystallises from 
alcohol m plates, m.p. 65*-66 # (Saytzew, I.C.), 
4>.p. 282* (30mm.), 265°1(15 mm.),259°(10 mm.), 
ISO* (0 mm.), (Krafffc and Weilandt, Ber. 1896, 
1325) ; sp.gr. 0’8585 at 57d*/4*; is lew soluble 
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than erucio acid in aloohol and ether. (F9r 
relationship to erucio acid and comparison of their 
behaviour towards various reagents, v. Albitzky, 
J. Rusa. Phys. Chem. Soc. 31, 76; 34, 788 ; 
J. pr. (Jhem. 61, [2-3] 65; Mascarelli, Atti. B. 
Acoad. Lincei, 1917, fv.] 20, i. 71). By fusing 
brassic acid with potash, arachidir t acid C 20 H 40 O 2 
is obtained (Goldschmidt, Jahrb. Chem. 1877, 
728); 'oxidation with potassium permanganate 
yields a dihydroxybehenic acid (Jukovsky, J. 
Russ. Phys. Chem.’ Soc. 24, 499 ; Albitzky, l.c.). 
Treatment with hydriodic acid in glacial acetic 
acid yields iodobohenic acid (Bayer and Co., 
I). R. P. 180087 ; Chem. Soc. Abst.‘ 1907, i. 380). 

BRASSIL. A local name for iron pyrites. 

BRASSYLIC ACID C I8 H 24 0 4 . Obtained, 
together with other products, by acting on 
behenolic acid O 22 H 40 () 2 , with fuming nitric acid 
(Haussknecht, Annalen, 143, 45; Grossnftmn, 
Ber. 1893,044). May be prepared by the action of 
nitric acid on crude acid (Fileti and Ponzio, Gazz. 
chim. ital. 23. ii. 393), and frofn j/oundecenoic 
acid (Krafft and Seldis, Mcr. 1900, 3571). Flat 
needles; m.p. 113°-114°; readily soluble in 
alcohol and ether, sparingly solublo in water. 

BRAUNITE. A Manganese mineral olassed 
with the oxides, but containing an appreciable 
amount of silica (8-10 p.c.), the formula? being 
3Mn 2 0 5 *MnSi0 3 or 4Mn 1 0 3 'MnSi0 8 . The man¬ 
ganese is usually isomorphously replaoed by small 
amounts of iron, calcium, barium, &c. It is 
generally found in compact masses, but sometimes 
as tetragonal pyramids, the angles of which are 
very near to those of the regular octahedron. 
The crystals possess a perfect pyramidal cleavage. 
The colour is black with a sub-metallic to metauio 
lustre. Sp.gr. 4*8; H. 6-6£. The mineral is 
found in the manganese-mines in Sweden* and, 
with the exception of psilomelane, it is the most 
abundant of the manganes 6 | 0 res in India (t>. 
L. L. Fermor, Mem. Geol. Survey, India, 1909, 
xxvii). L. J. S. 

BRAZILITE. A synonym of baddelevite 
(q.v.). The same name has also been applied 
to an oil-bearing rock from Bahia, Brazil. 

# L. J. S. 

BRAZIL NUTS are the fruits of Bertholleiia 
cxcelsa (Humb. and Bonp.). They yield 73 p.c. 
of a fatty oil of pale yellow colour, of a taste 
similar to that of the nuts themselves. In 
South America an edible oil is expressed from 
the fresh nuts, but the oil known in Europe is 
derived from mouldy nuts, and is only fit for 
the manufacture of soap. The oil deposits a 
large amount of * stearine ’ on standing. It is a 
* semi-drying ’ oil; iodine value about 106; 
m.p. of fatty acids 28°-30° (De Negri and 
Faoris). J. L. 

BRAZILETTO. An inferior kind of Brazil¬ 
wood obtained from Cossalpinia bratiljtnsU 
(Linn.), growing in the West Indies. 

BRAZILWOOD. Under the name of Brazil* 
wood certain varieties of the so-called * soluble * 
red woods are known, the term * soluble * being 
employed to distinguish them from the d£t* 
stuffs of the bar wood class, which onlj* Witte 
difficulty yield their colouring matters to boffins 
water. These soluble red woods give^WRl 
aluminium mordanted fabrics, a bnght-red shiad% 
which in each case is derived from one and 
same colouring matter, Mid all are botanicafly 
allied, in that they consist of the wood of variowa 
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mpeciee of Ccesalpinia. About nine varieties 
hare been employed as dyestuffs, of jvhioh the 
following are the best known :— 

Fernambuco or Pernambuco wood is considered 
, 4 o be the richest in colouring matter, and is the 
product of the Coesalpinia crista, a tree wkioh is 
abundant in Jamaica and Brazil. 

The trpe ’Brazilwood is derived from the 
Coesalpinia braziliensis , and is said tf/' contain 
only one-half the colouring matter which is 
present in the Fernambuco variety. It is 
obtained exclusively from Brazil. 

Sappanwood is obtained from the Coesalpinia 
sappan, a tree which is common to the warmer 
regions of Asia. The so-called Limawood is a 
variety of sappan, and the dye wood importod 
from tliC iPhilippine Islands is an inferior quality 
of this product. 

*Pcachwood is the product of the Coesalpinia 
echinata, which occurs in Central America and 
the northern parts of S&ilh America. 

These wooiVs, which are very hard, and of a 
deep-red colour, com into the market in tho 
form of billets varying in weight from a fow 
pounds up to a hundredweight. If .freshly cut, 
the internal colour of the wood is seen to b<* 
light-yellow, but this soon changes' to deep-red 
in contact with air. 

Some varieties of these woods were employed 
for dyoing purposes in India long before the 
discovery of America, and it is stated that when 
South America was discovered by the Spaniards, 
in 1500, tho northerly portion of the country 
was named Brazil (from braza, fiery red), because 
this red dyewood was found there in such im¬ 
mense quantities. 

Owing to the fugitive character of the 
colons yielded by Brazilwood, it is now only 
employed to a somewhat limited extent. 

Brazilin C, # 1J 14 0 6 , the colouring principle of 
Brazilwood, was first isolated in a crystalline 
condition by Chovreul (Ann. Chim. Phys. [1] 
66 , 225): but was not further oxamined until 
1864, when Bolley (Schweiz, poly. Zeitsch. ix. 
267) assigned to it the formula C 22 H 20 O 7 
Subsequently Kopp (Ber. 6 , 446) proposed the 
formula C 2 a H 18 0 7 , but it was left to Liobermann 
and Burg (Ber. 9, 1883) to determine the exact 
composition of this substance, and their formula, 
<3 j,H, 4 0«, is in use at the present time. To 
prepare brazilin from the wood itself, it is best 
to employ the commercial extract. This is 
stirred up with a considerable quantity of sand, 
the product extracted with cold ether, the 
ethereal liquid evaporated to a small bulk, 
treated with a little water, and allowed to stand 
for some days. Crystals slowly separate, and 
these are purified by crystallisation from a little 
Water. 

yhis method is, however, tedious, and the 
‘usual souroe of brazilin consists of the crude 
crystalline crusts of this substance which are 
frequently deposited from Brazilwood liquor, 
an intermediate product in tho manufacture of 
Brazilwood extract. The orude substanoe is best 
purified by two or three crystallisations from 
wsJar, to whioh a little sulphurous acid has been 
aofled (Gilbody, W. H. Perkin, and Yates, Chem. 
Soc. Trans. ftOl, 79,1396). Brazilin crystallises 
in two forms, either as colourless needles contain¬ 
ing 1 $HjO, or as oolourless prisms with lH t O. 
«Jt*is readily soluble in aloohol and water, and 


dissolves in a dilute solution of sodium car¬ 
bonate with a beautiful oarmine-red colour. 

d TetraacetyJbrazilin C 16 H 10 O B (C 2 H 3 O) 4 , colour¬ 
less 1 'needles, m.p. 149°-151° (Liebermapn and 
Burg); triacetylbrazilin C 1 ,H 11 0,(C s H s 0)„ 
needles, m.p. 105°-106° (Buchka and Erck, Ber. 
18, 1139); brombrazilin C le H 13 Br0 6 , brown-red 
leaflets (B. and E.); dibrombrazilin C 15 H I> Br 1 0 

6 * 

leaflets (Rehall and Dralle, Bor. 23, 1550); ie.tr a- 
acdylitrombrazilin C 3 8 H K B r 20 6 (C 2 H 3 0 ) 4 , needles, 
m.p. 203°“204° (Buchka, Annalen, 17, 685); 
tetr aacetyldibromlrr az ilin C ls H s Br J O t (C s H 3 0)„ 
m.p. 185° (S. and D.) ; tribrombrazilm 

Ci C H 11 B r 3 0 6 (R. and D.); dichlorbrazilin 
C j6 Hi 2 C1 2 () 6 (L. and B.); and felrabrombrazilin 
C ln H, 0 Br 4 O 6 , fine red needles (B. and E.) have 
been prepared. 

When brazilin is mothylated with methyl 
iodide in the usual manner, it gives brazilin 
Inmethylether (8. and I)., Ber. 20, 3365 ; Herzig, 
Monatsh. 14, 56; and Schall, Ber. 27, 525) 
C lfl H n 0 2 (0CH 3 ) ;f prisms, m.p. 138°-139°, which 
on r acetylation yields acclylbrazilin trime.thyl 
ether ChjH 10 O 2 (O('Hg) 8 (C a H 3 O), m.p. 171°-173° 
(Herzig, Monatsh. 15, 140; Schall,Ber. 27,236). 

According to Gilbody, W. II. Perkin, and, 
Yates (Chem. Soc. Trans. 79, 1403), large 
quantities of the tnmothyl ether are conveniently 
prepared as follows: 143 grams of brazilin 
dissolved in the smallest possible quantity of 
methyl alcohol are treated with 35 grams of 
sodium in methyl alcohol and methyl iodide 
(250 grams), and the mixture is heated 50 hours 
to 60°-65° in absence of air. A second method 
employed also by v. Kostaneckf and Lampe 
(Bor. 35, 1669) consists in methylating brazilin 
with excess of dimethyl sulphate and alkali. 

The difficulty experienced in fully methylat¬ 
ing brazilin evidence of the presence of an 
alcoholic group; but tho letiame.lhyl ether 
C lfl H 10 ()(OOH 3 ) 4 , m.p. 137°-139°, has been pre¬ 
pared by Schall by treating the sodium com¬ 
pound of the ti^methyl derivative suspended 
m benzene with mothyl iodide at 120° (compare 
also Herzig, l.c.). From this substance the follow¬ 
ing derivatives have been prepared .— 

Brombrazilin ktramethyl ether C 16 H 8 BrO - 
(OCH 3 ) 4 , prisms, m.p. 180°-181° (S. and D., Ber. 
21, 3014); and dibrombrazilin tetrameihyl ether 
C 16 H R Br a O-(OCH 3 ) 4 , m.p. 215° (S. and D. Ber. 
23, 143a). 

When brazilin is submitted to dry distillation, 
it gives resorcin (Kopp, l.c.), and by fusing it 
with potassium hydroxide, Liebermftnn and Burg 
obtained resorcin* and Herzig (Monatsh. 27,139) 
also protocakchuic acid. With nitric acid brazilin 
yields Irinitroresorcinol (Reim, Ber. 4, 334). 

When brazilin, the colouring principle, is 
oxidised under suitable conditions, it is converted 
into brazilein, the true colouring matter 
Ci.H l4 0 6 +0=0 1B H^0 6 -i-H 3 0 
and for this purpose the aotion of air on an 
alkaline - brazilin solution, alcoholic iodine 
(L^pbermann and Burg], potassium nitrite, and 
acetic acid (Schall ^pa Dralle), nitric acid in 
the presence of ether (Buchka and Erok), and 
sodium iodate (Mayer, Zentr. 1904, i. 228) 
have been employed. It can, however, be more 
economically prepared from Brazilwood extract 
in the following manter (Hummel and A. O. 
Perkin, Chem. Soo. Trans. 1882, 41, 367):— 

To an aqueous solution of the extract of the 
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wooa, an excess ot ammonia is added, and air is 
aspirated through the liquid. A precipitate of 
the impure ammonium salt of brazilien gradually 
separates, and this is collected, dissolved! in 
hot water, and treated with dilute acetic acid 
(sp.gr. 1 *04). A brown viscous precipitate of 
the crude colouring‘matter is thus obtained, 
which is extracted with hot dilute acetic acid, 
and the extract evaporated on the water-bath. 
Crystals of brazilein separate, which are collected 
and washed with acetio acid. 

Brazilein consists of minute plates possessing 
a strong metallic lustre, and by transmitted 
light a reddish-brown colour. It is very spar¬ 
ingly soluble in all the usual solvents, and 
cannot be recrystallised in the ordinary manner. 
It is in reality the colouring matter of Brazil¬ 
wood, and possesses strong tinctorial property. 
Alkaline solutions dissolve it with a deep-red 
colouration, which on standing in air passes 
gradually to brown. A study of this oxidation 
was carried out by Schall and Dralle, with 
interesting results. 2*7 grams of brazilii dis 
solved in 150 c.c. of water was treated with 10 
c.c. of sodium hydroxido solution (sp.gr. 1*37), 
and air aspirated through the liquid for 30 hours. 
Ether extracted from the acidified solution 
ft-resorcylic acid , and a substance C B H 6 0 4 , 
crystallising in brownish-yellow needles, m.p. 
271°, which gave a diacetyl com pound, m.p. 148- 
149°, and a 'dimethyl ether, m.p. 109°-170°. 
When the latter was oxidised in acetic acid solu¬ 
tion, with potassium permanganate fi-resorcyhc 
acid monomethyl ether was produced : 


Schall and Dralle considered ^hnfc this com¬ 
pound was probably a pheno-7-pyrono derivative, 
and Feuerstein and Kostanecki (Ber. 32, 1024) 
proved that this was in reality the case, and 
assigned to it the following constitution :— 

HO( / V^ 'ell 


\/\ C o*/ co *- 

Thus the dimethyl ether, when hydrolysed 
with alcoholic potash, gave fisetol dimethyl ether 


:0H 

ICOCH.-OCH, 


rtubstanoe which had already been obtained 
in a similar manner by Herzig from fisetin tetra- 
methyl ether {see Young Fustic). 

Our ohief knowledge of the constitution of 
brazilin is due to the elaborate investigations of 
W. H. Perkin and his pupils, who obtained most 
important results by the oxidation of brazilin 
trimethyl ether with potassium permanganate, 
and also with ohromie aoid. . • 

Gilbody, Perkin and Yates (Chem. Soe. 
Trans. 1901, 79, 1465) fo|nd that when bfhzilin 
trimethyl ether is oxidis® with permanganate, it 
gives, in addition to'oxalio, acetic, and formic 
aeide, the following compounds 
1 . m-Hemipinic acid 



0 COOH • 
COOH. 


The isolation of this substance was important, 
since it showed that brazilin contains a catechftl 
nucleus «m*d two orthohvdroxyis, and as a result 
of these latter no doubt in part its tinctorial 
properties are due. 

2. 2lCarboxy-5-methoxyphenoxyacelic acid • 

CHaO/^OCHo-COoH 

, \/ c0 « h: ' • . 

On fusion^with alkali, this compound yields 
resorcinol, and on heating with water to 200° 
is converted into methoxyphenoxyacelic acid 

ch 3 o/\o-ch,-cooh 


This can bo synthesised by the interaction of 
ethylbromaeetate and the sodium compound 
of resorcinol monomethyl ether and subsequent 
hydrolysis. # 

3. Brazilic acid 


when fused with alkali, gives resorcin, and on 
warming with sulphuric acid is converted into 
:__• 


I anhydrobrazilic acid 


/Os/ 

| / CH 


\ /C'CHj'COOH 

x/x CO / 

Boiling baryta water hydrolyses anhydrobrazilic 
acid, with production of formic acid and 
i Q-hydroxy-i-methoxybenzoylpropionic acid 


CH 3 0j V 0H 

—CO—CH 2 —CH 2 *COO|I 

On methylation this is converted into the 
dimethyl ether, and the latter can bo produced 
by iho interaction of dimethyl resorcinol and 
the half-chloride of succinic acid monoetbyl 
ester, and subsequent hydrolysis. It is also 
formed when resorcinol dimethyl ether and 
succinic acid are treated with aluminium chloride 
without employing a solvent. 0 

Finally, when the methyl ester of this 
hydroxymethoxybenzoylpropionic acid is dis¬ 
solved in ethyl formate and treated with sodium, 
the methyl ester of anhydrobrazilic acid is pro¬ 
duced. This interesting synthesis may be repre¬ 
sented as follows:— 

CH a 0/\-0H 

1 ^l-CO-CHa-CE/COOCHa 

CH„Of / 'VOH CH-OH 

-» » 

J —CO—C—CHj'COOCH, 

GH 1 oX x X°'^CH • 

-4 II 

VNco/ 0- ® 8 ' 000 ® 1 ' 

Dimethoxycarboxybenzylformic acid (l), and 
dimethoxijcaboxybenioylformicacii(2).m . • 

(1) COOH/V-OCH, (2) COOH/\-pCH, - 
COOH-CH J l v j-OCH, COOH,;00( v j2OCH 1 

represent intermediate stages in the formation 
of m-hemipinio acid from brazilin trimethyl 
ether, whereas the acid > • 
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OH 0—CHj-CntQH )C0°H 


X i 0H 


also isolated, is, no doubt, that product of the 
^xidation which is anterior to the forrmttion of 
carboxymethoxyphenoxyacetio acid (see above). 

The earlier work suggested the following 
probable constitution for brazilin :— 

"Vo- 


OH. 


-CH 

I 


-CH (OH)—CH—CII 


—cn„— r 


JOH 


but this, as a result, of the investigation of 
brazilinic acid, a very important substance, 
also produced by the oxidation of brazilin 
trimethyl ether, was subsequently discarded. 

Brazilinic acid. The constitution of this acid 
has been conclusively demonstrated by its synthe¬ 
sis, Cv'hich has been effected by the interaction of 
m-hemipinic anhydride w|th ethyl raethoxyphon- 
oxyacetate in the presence of aluminium chloride 
This is illustrated by the following equation :— 

CH t Of'' 





o—CHj-COOH 
COv /COOH 


OOH, OCH,. 
Brazilinic acid. 

Wh°n brazilinic acid is reduced with sodium 
amalgam, it is quantitatively converted into 
dihydrobrazxlinic arid C JB H 20 O 6 , which at once 
loses water with tile formation of the lactone 

^19^18^8* 

To synthesise the latter compound, w,-hemi- 
pinie anhydride is condensed with resorcinol di¬ 
methyl ether to form 2-hydroxy-4.5' A'-lrimcthoxy 
benzoylbenzoic add 

CH j 0, / \)CH 3 ^co_/\och, 

+ 0 < \co- i n Joch j 

ch,o, /n )-oh cooh/Nooh, 

-CO-I^OCH,. 

When reduced with sodium amalgam, this 
acid gives 2-m-mecont/l-5-methoxi/phenol (1),,| 
and this by the action of chloracetio acid and 
potassium hydroxide is converted into the 
lie tone of dihydrobrazilinic acid (2) 


D 


ion stH 


OOH, OCH,. 

CH ,0/ /N ^—0—CH ,-COOH 
M30 


obHT^OCF. 


CH,0 /X 1—O-en.COOH 
" (3) CJ-CHOH COOH 

' CH^~OTH,. 

Dihydrobrazilinio aoid itself is aooordingly 
represented by formula (3). 

The following constitution;— 

0 


OH 


/x/ > 


fCH 


\A/ C (°«> 

CH \ rH 

\ / CF * 

O 

HO OH. 

has, ns a result of this work, been assigned to 
brazilin by Porkin and Robmson (Ohem. Soc. 
Trans. 1908, 93, 496), and is in complete har¬ 
mony with the facts above enumerated. 
Oxidation of trimcthylbrazilin with chromic acid 
When trmielliylbrazilin is oxidised with 
chromic acid it is converted into trimethyU 
brazilove (Gilbody and Perkin, v. infra )— 
(Cn 8 0) 3 C 1# Tl ,,<>8-4- 20 - (CH 3 O) # 0 1# H 9 Oj 4- HjO 
and this apparently simple reaction has proved 
to he of an extromely puzzling character. 

When trimethylhrazilone is oxidised with 
permanganate, it gives m-hemipinic acid , 2- 
carljoxy - 5 - mcthoxyphenoxyacetic acid, brazilic 
acid, dimlhoxycarboxybenzoylformic acid, dime- 
thoxycarboxyhcnzylformk acid, methoxycarboxy- 
phenoxylacttc acid, and brazilinic acid. 

In «bi earlier paper, Gilbody and Perkin 
(Cliem. Soc. Trans. 1902, 81, 1040) suggested for 
trimethylbraznone a constitution based upon 
their first formula for brazilin (see above), but it 
was subsequently shown (ibid. 1908, 93,498) that 
the reaction proceeds as follows : By the oxida¬ 
tion of trimethylbrazilin (1) with chromic acid a 
disruption of the central linkage occurs, with the 
formation of an unstable diketone (2), and 
this subsequently undergoes aldol condensation, 
and trimethylbrazildne is produced (3)— 


CH 3 0/ X ^ \CH, 


(i) 


i qoH) 

Nch/ \h 

"<zS 

OCH. OCH, 


CH,Oj | 

\/ 


aA 


CH, 0 /\^°\CH. 

U Jo 

\/\co | 

( 2 ) | tm, 

oraToffl, 




C(0H) 


CH-CO 

ck, 


A 


°oXmr, Bffl, 


This formula represents trimethylbradfonfe 
as a derivative both of coumaran and tetrahy- 
dronaphthalene, and affords a ready explanation 
of the decomposition products of this compound. • v 
An important point in favour of this can- ., 
stitution is afforded ov th&behaviour of trimethvl- 
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brazilone with alkalis, or acetic anhydride # and 
other dehydrating agents, for it is thus converted 
with loss of one molecule of water into anhfdbo- 
trimethylbrazilone (CH 3 0) 8 C, 6 H 7 0 a . There can 
be little doubt that the formation of this sub¬ 
stance is due to the elimination of water from 
the aldol grouping in trimethyl brazilone, and 
that it possesses the following formula; 

cH, °rY v-c-oh 

V\(/ \ 


V 

/ 

< 


CII 

_/ 


OCH, OCH 3 

Anhydrotrimethylbrazilone is thus a deriva¬ 
tive of fl-naphthol, and it possesses many of the 
properties of this substance. It is soluble m dilute 
alkali, and this solution gives with diazobenzene 
chloride a red azo- dyestuff. # Diazonaplithaione 
chloride behaves similarly, and the dye thus 
produced dissolves in sulphuric acid with a blue 
colour. 

When trimethylbrnzilone is boiled in acetic 
acid solution with phenyl hydrazine, deoxylri- 
methylbrazilone U 18 H 9 0 3 ((JH 3 0)3 is obtained, 
and this is probably a dihydronapkthaiono 
derivative of the formula 

/\ /Os 

V\/ \ 

OH Oil 


OCH, 0<JH, 

The most striking reaction of trimethyl* 
brazilone is its behaviour with nitric acid, when 
it yields a compound possessing the composition 
of a nitrohydrorydihydrotruneSiylbrazilonc 
C ie H,0 8 (CH 3 0) 3 -fHN0a = C li H 10 O i N(CH,O) t 

This substance dissolves in alkali with a 
purple colour, but on standing the colour rapidly 
lades, o-nilrohonwveratrol separates, and the 
solution contains p-methoxysalicylic acid. Oxi¬ 
dation with permanganate gives 2 -catfwxy-5- 
mcthoxyphenoxyacetic acid , and these* decom¬ 
positions point clearly to the formula 

/\/° 


CH,0 


O a Nf S *bcH, 
x /OUII, 


OH, 

I • 

(.'(OH)—CH . 

^Ao-O 

as representing the constitution of this nitro¬ 
compound. (See aim Perkin and Robinson, 
ibid. 1909, 96, 381.) 

Feuerstein and v. Kostanecki (Ber. 32,*1024) 
assigned at first the following constitution to 
braziliu:— _ • 

OH, >CH 


which was based upon the production from it of 
dihydrosfypheno-y-pyrone (Sclfhll and Dralle) 
by alkaline oxiclation, and of protocateckuic 
acid by fusion with alkali (Herzig). 

It was, however, pointed out by Ferkiif 
that this formula does not account for the 
presence of m-hemipimo aWd among the oxida¬ 
tion preducts of tnmethylbrazilin, and Herzig 
and Pollak*(Monatsh. 1901, 22, 207) advanced 
a similar criticism. On the other hand, it was 
suggested at the timo by v. Kostanecki and 
Lampo (Ber. 1902, 35, 1007) that m-hemipinic 
acid was not to be regarded as an oxidation 
product of trimethylbrazilin itself, but that it 
arose from the formation, during the oxidation, 
of a phenanthrene or mdene- derivative, which 
by the further action of permanganate gives 
this acid. Such an indenc-condensatioi^ is 
illustrated by the following scheme, which, 
according to these authors, probably occurred 
during the formation of trimethy^braziione from 
trimethylbrazilm. 

The first product or the oxidation with 
chromic acid will possess the formula (1), and 
this is converted by jLiic following stages into 
trimothylbrazilone (3).— m 

Non 



• 


HOTiC- 


-S^JOCH, 


This constitution accounts in a simple 
manner for the formation of the anhvdrotri- 
methylbrazilone (1), and the nitrohyaroxydi- 
liydrotrimethylbrazilone (2), of Perkin, which 
can be represented as follows ;— 


(i) 


(A 


0 H,(>/\/ \ 


CH 


\ 


\z^ x , H /, 


COH 


CH*r 


-OS 



A(X'H, 

•c- v/ooh. 


,<J’0H 


HOC 


o,nAoch, 
HO-CH-\/ 0CH i 
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When anhydi^otrimethylbraziloim is digested 
with hydriodic acid, anhydrobrazilone £ 18 H 10 O 6 
+HjO is produced, but when trimethylbrazi- 
lpne itself is treated in a similar manlier, the 
result is of a peculiar nature. The compound 
C 16 H # 0(0H) 4 bo obtained does not consist of 
brazilone, but'■possesses the formula (1) or (2), 
and on distillation with zinc-dust give* brazan 
(3) (Kostanecki and Lloyd, Ber. 1903, 30, 
2193). 


OH 


1. HO f 


2. HO, 


✓0 


'OH 

'Oil 


on 

/Oil 


(HI 


3. 


I I . I 


In 1899 Liobermann (Ber. 32, 924) obtained 
anhydro-a-naphthoquinone resorcin by the con¬ 
densation of 2-3-dichlor-a-uaphthoquinonc with 
resorcin 

O 


, 0 , 


*HO- 


./\ 


nof'YYY^ 


HO- 


/\/ u \, 


CH, 

I 

CH 


> 


|OII 


Joa 


liO /X |' / ° X 'CH J 


'aCH / 


1 / 0H /V 

('Z —/\,OH 


/ 


CJ l.o. 


/ \/ y ’\ 


CH 

Bruzilin. 

o; 

CH. 


OH 


u 


OH 


/' 


1 1 / 


V 


CH.O, 


Oil 

x co 

Trimsthylbrazdone. 

A/°\ !H 


nOCH, 

OCH, 



iOCH, 

'oCH, 


AnUydrotrimctliylbrazilone. 

Herzig, moroover, observed (Ber. 1904, 37, 
031) that tnmethylbra/.ilono undergoes isomeric 
change when it is dissolved in sulphuric acid, and 
yields y-lrlinethyll/razilone C 1fl II B 0 3 (0CH 3 ) 3 ,m.p. 
170°-173°, to which the formula 


CH 3 () 


A/\ h 

L 


o 

and this, according to v. Kostanecki and Lam pc 
(Ber. 1,008,41,2373), is 3-hydroxy brazanquinone. 
By reduction with hydriodic acid, this gives 
hydroxybrazan 

0 


- /X iOUH, 
N yOCH, 


1000, 


and from this letter or from the quinono itself, 
brazan, identical with Uiat obtained from 
trimethylbrazilone, is produced by distillation 
with zinc-dust Brazan crystallises in leaflets, 
and melts at 202°. 

v. Kostanecki and Lampe (Bor. 1902, 35, 
1674) considered it probable that, after all, 
trimethylbrazilin does contain, as found by 
Perkin, a nucleus which on oxidation yieldg 
hemipinic acid, and appear to havo adopted the 
following as their final formula for braziiin 
/O' 


* HO HOOCX 

assigned* (Ilorzig and Poliak, MonatBh. 
27, 743). Perkin and Robinson ( l.c .) 
find that on oxidation with permanganate this 
compound gives large quantities of 2 -carboxy- 
4:-5-dimclhoxyphcnylac,ctic acid (CHjOL'CjHj* 
(COOHj’CHj'COOil, and that there can be 
little doubt that its true constitution is repre¬ 
sented by one of the following formulas :— 

/y°\*. 


CH.O 


CH 


COOHCH 


\/VX 


:Aoch, 

1 -OCH. 


_/\/ 


C1I 3 0, / Y°\;h 


coohYoch, 

A> CH *« 


-CH./ 


N CH 

I10-CH-Y' 

Tills constitution, it is evident, will still 
h*rmonisp with the formulas of trimethyl- 
bnunone and anhydrotrimethylbrazilone given 
above by these authors. 

Herzig and Poliak (Ber. 1900, 39, 267) 
suggested the following constitution for braziiin, 
tefinSbbylbrazilone, and anhydrotrimethylbrazi- 
i lone 


Finally, in 1900 Herzig and Poliak (Monatsh. 
27, 743) considered it necessary to modify thejt? 
lirat formula for braziiin, and have arrived at 
the conclusion that that finally proposed by v. 
Kostanecki and Lampe correctly represents this 
colouring principle. The more recent work of 
Perkip and Robinson detailed above shows, how¬ 
ever, that such a constitution cannot be correct, 
because it does not account for the production 
. of braziiinic acid by*the oxidation of trimethyl- 
bruzilin • 


“■“OX 


OCH.COOH 
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ftnd there ia every reason to consider that the It was found, for instance, that when brazilein 
formula suggested by the latter authors ii the trimethyl ether (3) is treated with sulphuric acid, 
correct representation of the constitution $c/. it is converted with loss of methyl alcohol into 
also Perkin and Robinson, Chem. Soc. Trans, the dimAkyl ether of wobrazilein sulphate (4) 
1909, 95, 381) of brazilin. j ~ 

Brazilein yields *a triacetyl derivative • 

yeUow ieaflets > m -P- 203°-207° n /V 0 \«u o/V°V h 

(Schall and Dralle, Ber. 23,1434), and a trimethyl , > tH 3 0 • i Lti 

ether C 18 H # (0CH 3 ) 3 0 2 , which crystallises in two • nnTT * i 

modifications, melting at 160° and 178® respec- I | O 

tively (Engels and Perkin,Chem. Soc. Proc. 1900, \/\ / \ \/\ /\ 

22, 132). Brazilein trimethyl ether combines (3) C CH 2 (4) C CH, 

with formio acid, yielding a formio acid derivative II I I I 

which crystallises in garnet-coloured prisms, and / \ / \ 

is decomposed into its components by treatment \_/ \_/ 

with alcohol. ^ II OCH a OH 

The constitution assigned to brazJoin by 0(-H 3 0 m 

Perkin is as follows‘ T h„.» „„ 


Ho/y 0 '^, 


cz> 


When brazilein is dissolved in sulphuric acid, 
and the rotation is diluted with aeetio acid, 
minute orange-red prisms of isobrazilein sulphate 
C i .H u 0 4 , S0 4 H separate (Hummel and A. G 
Perkin, Chem. Soc. Trans. 1882,41,307), and title, 
on treatment with alcohol, gives the basic sulphati 
D|«Hi 2 0.(C 1 ,H n 0 i -^0 4 H)2, which crystallises ir. 
red needles. Hydroohlorio and hydrobronne 
acids at 100° give isob azMcinchlorhydrin 
U u Hi, 0 4 -C1, and isobrazile inbromh ydr %u 

Ci e Hii0 4 Br, and both compounds consist of 
orange-coloured prisms, winch are somewhat 
readily solubio in water, fprming a solution 
wliioh contauis free haloid acid. These interest¬ 
ing substances dye mordanted fabrics colours 
which aie entirely different from thoso yielded by 
brazilein, and the shades %hieh arc produced, 
especially on calico, somewhat resemble those 
given by alizarin. Prom these haloid salts by 
digestion with silver oxide a substance is pro¬ 
duced known as isobrazilein, whicl# has the 
formula C lfl H ia O B , but is totally distinct from 
brazilein. * 

According to Engels, Perkin, aifd Robinson 
(cLem. Soc. Trans. 1908, *93, 1140), whose 
paper must be consulted for the detailed 
account of brazilein and its derivatives, these 
i>obrazilein salts are derived from 4-3 -indeno- 
benzovyranol (1), and the sulphate which is 
trihyaroxy -4 - 3- indenobenzopyranolanhydrohydro - 
gen sulphate (2), may be represented thus : 

HBO. 






A /V 

<’=> 

oh Oh 


CH,0 7 x CH, CH,0 ,T X CH 

C-OCIIj j * C 

\/\ /\ /\ 
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These authors assign an orthoquinonoid 
structure to this and similar oxonium salts* 
More recently Cjabtree, Robinson, and 
Turner (Chem. Soc. Trans. 1918, 113, 859), 
employing butem trimethyl etSier, have suc¬ 
ceeded by very simple rffctliodu in synthesising 
isobrazilein hydrochloride. By reducing butoin 
trimethyl ether (1):— 


( 1 ) 

V NJO—CH=Cll-/ \OCJI, 

the dihydro (benzylacotophenone) * compound 
(2) is obtained. This by digestion with an 
excess of absolute formic acid in presence of 
zinc chloride is transformed into the hydro¬ 
chloride of isobrazilein trimethyl ether (3):— 
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With fuming hydrochloric acid at 120°-150° 
demethylation occurs and isobrazilein hydro- 
cldoride is produced :— * 

Cl 
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ijv the aubititutioa of acetic aoid for formic 
acid in this reaction the corresponding methyl 
isobraziiein derivative can be obtained 

\ 

CH. ~ 
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The synthesis in this manner of a colouring 
matter so closely allied to brazilin itself by the 
employment of butein, a yellow dye which 
exists in’"the flowers of the Butea frondosu 
(Perkin, Chem. Soc. Trans. 1904, 85, 1459), is 
of expectional interest. 

Tne commercial preparations of Brazilwood 
known as Brazilwood extract and Brazilwood 
liquor, are prepared by boiling the ground fresh 
wood with water, and eVaporating the decoction 
thus obtained to various degrees of consistency 
without access of air, or asfapidly and at as low 
a temperature a?, possible, t.g. in vacuum pans. 

Dy$iny Properties .—Before dyeing, the logs 
as imported are rasped to a coarse powder, and 
this is then -usually moistened with water aud 
allowed to ferment .for bomo weeks. This 
operation is*performed in order to increase the 
colouring power of the wood, and there can be 
little doubt that a considerable quantity of the 
brazilin present is thereby oxidised to the 
colouring matter brazilein. It has been con¬ 
sidered by some that the fresh wood contains in 
reality $ glucoside of brazilin, which, under the 
influence of fermentation, is hydrolysed, but no 
ovidence has been forthcoming in support of 
this suggestion. 1 

Although still used in calico-printing and in 
wool-dyeing, Brazilwood and its allies have 
lost their importance, chiefly because of the 
fugitive character of the colours they yield. Id 
calico-printing, ^appan liquor is employed for 
producing steam-reds and pinks, the mordant 
used being aluminium acetate or stannic oxalate, 
separately or combined, together with some oxi¬ 
dising agent, e.g. potassium chlorate or a copper 
It also enters into the composition 
of irteam-chocolates and oertain steam colours 
to conjunction with other dye wood extracts. 

woods have also been much used in 
the past along with garancine in dyeing the 
rods, chocolates, and other colours of cheap' 
prints. 

In wool-dyeing these woods have been ap¬ 
plied for the purpose of dyeing reds and various 

* of claret and brown, the wool being pre- 
, mordanted with alum and cream of tar¬ 
tar or oxalic aoid, or with potassium dichromato, 
» which case other dyewoods, t.g. logwood 
and old fustic, are applied in addition. The 
colours produoed by tins method are now only 
used to £ limited extent. 

* la cotton-dveing, peachwood-red was for¬ 
merly ^fcftsained bv first preparing the cotton with 
tannin matter, then mordanting with a stannic 
salt, and finally dyeing with peach wood, sappan- 
wood, &o. Browns w’ere obtained by the use of 
lojgTOod-in addition, with or without a final 


passage through a ferrio salt solution (nitrate of 
iron). t These colours are now replaced by others 
obtained from coal tar. A. G. P, 

BkAZILEIN and BRAZILIN v. Brazilwood. 

BRAZILIAN ANIME v. Oleo-bjssiks. 

BREAD may be defined as the dough made 
by the mixture of the flour of grain with water, 
charged in some w r ay with gas so as to distondjilfc* 
and afterwards baked. The resulting loaf hii* 
a delicate spongy structure which oauses it-4**^ 
be the most readily and easily digested of all 
wheat foods. The simplest and most primitive 
form of bread making consisted merely in mixing 
flour with water ana baking the dough, and it 
survives still in the Passover cakes of the Jews 
and in the ‘ aarnper * of the Australian settler. 
The charging with carbonio gas is commonly 
effected by fermentation with leaven or yeast; 
alternative methods involve the use of baking 
powders (q.v.) or the direct inj^iqp <Jf the gas. 
In addition to producing gas, fermentation has a 
profound cflect on the constituents of flour, and 
improves the flavour and digestibility of the 
loaf. 

The mechanical result of aeration is the 
creation of innumerable vesicles or cells within 
the dough, which are subsequently distendec^ by 
heat, the whole mass Leing encased in the baking 
within the crust of dextrin formed by the action 
of heat upon the starch. The making of bread 
from wheaten flour is only possible because the 
latter contains gluten. Gluten is a mixture of 
proteins which becomes viscid when mixed with 
water, and, when blown up with gas, has suffi¬ 
cient coherence to remain in the form of a honey- 
oomb instead of collapsing and allowing the gas 
to escaped c 

Leavening (Lat. levo t to rise) has been 
practised from* time immemorial in the East; 
from the Egyptians it passed to the Greeks and 
thence to the Romans, whose conquests and 
colonies extended the art. It consisted in the 
first instance probably in a natural fermentation 
of the dough by leaving it to become sour ; but 
to hasten the process it became usual to add to 
new dough a portion of old fermented paste or 
‘leaven.’ More rec&ntly, yeasts were substi¬ 
tuted for the piece of ieaven. These were of 
various origin, that from the distillery being the 
most suitable. To-day, ‘ pressed * or German 
yeast, which consists of yeast grown in a special 
way, purified by repeated washing and com¬ 
pressed into cakes, is* the most generally used. 
This keeps wfcll, is uniform in quality, and enable^ 
fthe baker to exercise a close oontrol over t&g 
regularity of the process. 

Dough consists roughly by weight of two-, 
thirds flour and one-third water, the quality of 
the water being a matter of some importance. 
The softer the water the quicker is the fermenta- 
! tion, and since the quality of the bread depends 
| on fermentation being allowed to prooeed to 
j exactly \he right point, it oannot be oarried out 
under precisely the same conditiohs with hard 
as with soft water. * ^ 

I Chemistry of bread making ,—The chief oowj 
| stituents of flour, to far as bread making is con¬ 
cerned, are (1) the carbohydrates, (2) the 
proteins. The former include sugars and starch, 
the protein^ consist of a email proportion of 
soluble protein and a large proportion of in* 
soluble gluten. 
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The gas formed during panary fermentation | 
is produoed by the action ot the yeast organism 
on dextrose. Flour contains about 1 j^.a, of 
sucrose and a little rafiinose: before fermenta¬ 
tion, both these sugars are converted into 
dextrose by the eneyme invertose present in 
yeast. ■ This amount of sugar would not suffice 
to glVe the necessary amount of gas, but it is 
Supplemented by the maltose produced from the 

t srch of the flour, maltose being itself converted 
to fermentable dextrose by another enzyme 
maltose contained in yeast. 

The formation of maltose is effected by the 
agency of a diastatic enzyme present in flour; 
it begins diroctly the flour is wetted and continues 
throughout fermentation until the loaf is baked. 
Yeast contains no diastatic enzyme, but it is 
possible that its action on the proteins of flour 
facilitates the production of diastase. 

Gas escapes from the dough throughout the 
process of making a loaf, and the supply avails bio 
must be sufficient to distend the loaf and main¬ 
tain it fully distended until it is fixed in the oven. 
Flours which have relatively little diastatic 
enzyme will produce insufficient gas, and this 
fact explains perhaps the beneficial results j 
sometimes obtained on adding malt extract, 
which is rich in diastase, to dough. This ques¬ 
tion is in reality somewhat more complicated in 
that diastase consists of two enzymes—a liquefy¬ 
ing enzyme which renders the starch soluble, and 
a hydrolysing enzyme which converts it into 
maltose. It is the former rather than the latter 
enzyme which is sometimes lacking m flour. 

Gluten is the characteristic and the most 
important constituent of flour (v . Gluten). It 
is the agent whioh ^principally determines how 
much water a dough will take; what length of 
time it requires to be fermented*; what will be 
the size of the loaves, and their colour, flavour, 
and general appearance. The baker requires 
quality rather than quantity: the relation 
between chemical constitution and quality is 
not yet fully understood (see British Association 
Report on Wheat, Winnipeg, 1909). During 
fermentation, gluten becomes softer and at first 
more elastic, subsequently it softens still further, 
loses elasticity, and begins to break down. 
Baker’s yeast always contains lactic acid 
organisms, and the conditions in a long sponge 
are favourable for the formation of •this acid, 


which has a marked solvent and disintegrating 
action on gluten. Accordingly, in a long 
Sjflnge, the gluten is considerably msintegrated. 
The baker’s art consists in* taking the sponge 
when sufficiently mellow. If under-fermented, 
a foxy crust is obtained; if over-ripe, the gluten 
becomes too much disintegrated and the loaf is j 
less bulky, inclined to crumble, and in extreme 
oases bocomes sour. 

Common salt is very generally added to 
bread. This is done firstly to give the noaesaary 
flavour, as owing largely to the aotion of salt in 
stimula ting the palate, minute quantities of 
ftiher substanoes can be ^recognised in its-pro 
Hwnoe. Secondly, salt has a toughening and 
binding effeot on gluten, though it has a solvent 
effect on some of the proteins of flour. In view 
of tie modem theory that the' properties of 
gluten are due to smal> quantities oi associated 
sslts, the effeot of the added sodium chloride 
must be taken also into account. Salt also 


checks diastatio action and fermentation Jto 
Some extent. Use is made ctf this property by 
the baler in dealing with sponges wdiich are 
ovor-ribe : a little more salt than usual is used 
in mating the dough, and the subsequent fo¬ 
mentation is Retarded and the disintegrated 
gluten soirfewbat toughened. 

To make a large, well-aerated, # shapely loaf 
of gocrtl colour and flavour, it is necessary to use 
a largo proportion of flour from strong wheats. 
Such a flour usually contains more nitrogenous 
compounds than a weak flour. Commercially, 
a demand has arisen for strong flours, which 
accordingly realise a higher price than weak 
Hours. The strongest flours come from parts of 
the United States and Western Canada, also 
from Hungary. English wheats give* as a rule, 
weak flours, which by themselves are unsuited 
for modern bread making. • 

It is the object of the large millers to produce 
a brand of flour suiteiffor bread making which is 
a blend of several wheats, andsto maintain this 
brand of flour of umfori^ quality throughout the 
year. The preparation of sample loaves, made 
under carefully standardised scientific conditions, 
still remains the most satisfactory test of quality, 
and many flour mills maintairra laboratory for 
this purpose. • 

According to Humphries, the starch of flours 
made from wheat grown in hot., dry climates is 
very stable and rosists* disintegration. Suoh 
flours require special treatment, th6 addition of 
malt extract being a very common process. 
The; addition generally causes an improvement 
in flavour, due, it is supposed, to the production 
of dextrinous products, which further have the 
effect of making the bread moie moist. 

There is a loss of weight during^panary 
fermentation, due to the conversion of carbo¬ 
hydrates into alcohol and carbon dioxide. Jago 
estimates this loss at 1*3 p.c.; other authorities 
give somewhat higher values. Experiments 
made at Pittsburg indicate that over two-thirds 
of the total fat present in flour is lost during 
baking. 

The manufacture of brfl&d. To-day, in 

large towns, bread ^ usually mado in bakeries on 
a manufacturing scale, and machinery >is em¬ 
ployed for the mixing of the dough, weighing 
and moulding of the loaves, whilst the bakingh 
carried out in large draw-plate ovefis. 

There are various systems of bread m&nl| 
depending on whether the dough is made jj |j|| 

, oif in one operation, or whether a portion of 
flour, the yeast and the water, are first made uf 
into a loose paste—the sponge—and the rest oJ 
the flour added some hours later. A third 
system involves the preparation of a ferment 
most commonly consisting of potatoes, boiled 
and mashed with water to which a littte ran 
flour is added. The yeast is introduced, intc 
this and fermentation carried out so as to fayouj 
I growth and reproduction and get the yeast in * 

1 particularly active state. Flour is added t< 
make a sponge, and this, some hours later, mad* 
into dough. The longest system of fdhnenta 
tion is that practised in Scotland. An eichth oi 
tenth of the flour is made into a fairly tigh 
dough with a little yeast and alldWl to ho 14 
18 hours, during which time the gluten beoome 
almost entirely soluble, and the dough acquire 
a distinctly vinous smell and taste. It is thm 
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broken up with flour and the remainder of the 
liquor to a thin sponge, which lies about l^t hours 
till it Bhorws signs of turning and is then made up 
into a rather soft dough. The long s|/stoma 
formerly in use, were partly the result of {Worn 
and partly due to the slow working yeasts used. 
To-day, particularly in large bakeries, the 
tendency is,in the direction of the straight 
dough, though the sponge-and-dough method. is 
very largely practised It has boon claimed that 
the longer processes require loss yeast, make 
bulkier bread, and bread of better flavour. 

When the dough is ready it is scaled off and 
kneaded into shape. This prosses out nearly all 
the gas and toughens the gluten; if it is not | 
thoroughly done' the loaf is likely to contain j 
holes. The. loaves are next put aside in a warm 
place to prove, during which the gluten relaxes 
and the yeast expands the dough evenly. Too 
much proof must be avoided, as on putting the 
bread in the oven the excessive expansion is 
frequently foliodhd by the collapse and flatten¬ 
ing of tho loaves. Tho i*aves are then baked at 
450°-500°F., a 2-lb. loaf requiring about 40-50 
minutes. During baking, the gases are at first 
expanded and the dough ^wolls, the yeast is 
killed, some of the starch oells burst, the heat 
sots thd gluton and tho starch, and finally the 
orust is converted into dextrin and in part 
caramolised. 

It is the baker’s object to get tho maximum 
number of loaves from a sack of flour. Accord¬ 
ingly, that flour is selected which has the 
greatest power to take up and retain moisture. 
Such flours are often termed strong. A sack 
(280 lbs.) of good flour yields about 9U 
quartern loaves. 

Vienna bread is a term applied to rolls 
and light fancy bread baked in an atmosphere! 
entirely charged wjth steam, to obtain winch a' 
special oven construction is adopted. Thoi 
starch of the flour is burst by heat and changed 
into dextrin by the aid of moisture, so that a rich 
golden-brown highly glazed crust is obtained. 

Leavened bread .—In Franoe and elsewhere j 
on the Continent,'bread is made from leaven, but 
in the more important towns,this mode of bread 
making has been given up for the Viennese and 
English processes. The practioe in the prepara¬ 
tion of the leaven consisted in a series of stages 
(‘levain de ohef, levain de premiere, levain de 
second©, levain de tout point*), by which, starting 
with a piece of dough put away from a previous 
baking and adding at intervals more and more 
flour and water, the required quantity is leavened. 
From this is taken a half, which when baked yields 
a dark, sour bread; the remainder, boing again 
mixed with a quantity of flour and some yeast, 
produces a whiter and less sour dough, a portion 
whi^h is baked and the residue once mort 
idded to fresh flour. This subdivision is re¬ 
peated three times, the bread improving at each 
stage. A characteristic example of leavened 
bread'is seen in the rye bread (Schwarzbrod) of 
Gtermanv. 

• Nexrto wheat, rye is the chief bread-making 
grain*throughout the world, and in particular it 
is largely used ip Northern Europe. Rye bread 
is moister, closer, and darker in colour than 
ordinary household bread. There are several 
qualities, differing in the proportion of bran 
Mfftafeftdj the so-oalled 1 pumpernickel* being an 


J extreme example. Fine rye bread is as diges¬ 
tible os wheaten bread, but in the case of 
pumpernickel a very large proportion is un- 
abBorbed (Romberg, Archiv. i. Hygiene, 1897, 
28, 244). 

Baking Powders. —Carbdh dioxide may also 
bo generated within dough by the action of 
baking powders, which are usually mixtures of 
sodium carbonate and some acid or acid salt, 
and evolve gas when moistened or heated. 
Owing possibly to the difficulties of distributing 
Iresh yeast, baking powders were formerly 
' widely employed in America. They are not 
1 used much in this country for white bread. 
They are usually classified according to the acid 
constituent, as tartrate, phosphate, or alum 
powders (v. Baking powders). The so-called 
self-raising flour contains baking powder already 
mixed with it. 

Agrated bread is made by injecting carbon 
dioxide into dough by mechanical means. The 
process was originated by Dr. Dauglish in 1859, 
and at one time enjoyed considerable popularity, 
but it has not met with universal favour on 
account of the raw and insipid taste of the broad, 
due to the absence of the products which yeast 
produces during fermentation. The carbon 
dioxide is produced separately and forced into 
water under pressure : this water is mixed with 
the flour m a specially constructed vessel, in 
which the pressure is maintained. On opening 
the vessel, the dough rises and can be imme¬ 
diately baked. The advantages claimed for the 
system are uniformity of result, and the avoidance 
of the losses in weight whioh occur during fer¬ 
mentation. *A later development consisted in 
mixing a little wort, made from malt and flour 
and fermented Jbill sour, with the water to be 
aerated, so as to improve the flavour. The 
process is eminently suited for the manufacture 
of wholo-meal bread, as the preparation of a 
batch of dough can be effected in thirty minutes. 

Cowposition of Bread. —The general composi¬ 
tion of bread is very variable. About two-thirds 
of the volume is made up of gas. By weight it 
contains 40-50 p.c. pi water and 6-5 p.c. of 
protein, tho balance being mainly carbohydrate. 
Hutchison gives the following mean figures for a 
number of breads analysed by him:— 

Carbo- 

Water Protein Fat hydrates Cellulose Ash 
While . . 40 fi-5 1-0 51-2 0-3 1-0 

Wholemeal. 45 6# 1*2 44-8. 1*5 1-2 

,On keeping, a loaf gradually loses moisture & 
the extent of 8 p.c. in 48 hours, 14 p.c. in 72 
hours (Goodfellow) or 14 p.c. in 1 week (v. Bibra). 
At the same time, the bread becomes stale, but 
this change is not attributed to loss of moisture, 
as much of the freshness is restored on heating, 
during which considerably more water is lost. 
It is suggested that staleness is due to a gradual 
combination of water with the starch or gluten 
which is readily broken up by heat ; or, alter¬ 
natively, that it is due to the shrinkage of the 
fibres which form the walls of its visible pores. 

Katz (Zeitsch. physioi. Chem. 1915) has 
shown that, whereas the softening of the bread 
crust is due to t the absorption of moisture, the 
crumb will beoome stale even when no loss of 
moisture takis place. • 

The experiments indicate that when broad 
crumb is kept at ordinary temperatures and 



BREAD. • 667 

loss of moisture prevented, the starch becomes tion. Thg bread becomes yellowish-brown, s^t, 
harder and the amount of water-soluble poly- and viscous and acquires *an objectionable 
saccharides diminishes, the latter being suggested smell. . The addition of lactic acid to the dough 
as the cause of the sweeter taste of new bread with fijom 30 to 45 min utes ba kin g, depending 
as compared with stale. on thefweight of the loaf, prevents the germiaa- 

The gluten appears to absorb moisture from tion of spores, 
the starch granules as staling proceeds, the In a modern bakehouse, bacterial diseases 
lattor shrinking, with the result that the shoultj not occur; they may often*be traced to 
granules are readily separable from fcho gluten, the use of unsound flour, 
thus causing the bread to become crumbly. Whole-meal Breads. —The majority of the 

The shrinkage of the granules can be seen patent breads belong to the ‘ brown ’ variety, 
with the microscope, narrow air spaces being and contain more of the wheat grain than the 
observed between the granules and the gluten. white flour. In some, the finely ground bran is 
The adulteration of bread with alum, zinc, introduced, in others the germ, whilst a third 
and copper sulphates, lime, &c., is now entirely class claim to contain the complete wheat grain, 
a thing of the past. These were added to Bran is very rich in diastatic enzyme, here 
prevent the injurious effects of an excess of termed cerealin, and its inlroductidh causes a 
diastase on the starch during panary fermenta- very rapid conversion of the starch into dextrin 
tion when inferior flour was employed. The and sugar. This causes the dough to become 
cheapening of flour and the critical demands of soft and clammy and to bake brown : in addition, 
the public for a well-risen white loaf, as well as it becomes very prorib to souring. The use of 
improvements in the miller’s technique* have sodium bicarbonate and hydrochloric acid for 
necessitated the use of the best flours in broad. aerating whole-meal biftad is common. When 
The question of colour, meaning brightness tho fermentation process is used, the bran is not 
of appearance in crumb and crust, is an im- introduced until the dough stage. Whole-meal 
portant one; at the moment, tho demand is for bread has a great tendency to become sodden ; 
a White loaf. Colour is largely a question of it has to be baked for a considerable time, and 
optics; a weak but very white flour may make consequently often has a thick crust* Germ 
poor dingy-looking loaves, whilst a darker, has a very injurious effect on flour, owing to its 
stronger flour will make loaves which are better diastatio character, and the tendoncy to become 
aerated and hence appear much whiter. rancid. Evory effort is therefore made to 

A modern development is tho artificial remove it as completely as possible. When 
bleaching of flour, usually with nitrous fumeB subjected to tho action of superheated steam, 
produced by some electrical process. There is the germ is cooked, the diastatio properties are 
no proof that bread made with bleached flour is destroyed, and it acquires a pleasant malt-like, 
deleterious to health, but its use has been for- nutty flavour and aroma. This process was 
bidden in America binder the Pure Food Laws, patented by It. Smith of Macclesfield, and a 
It is a mattei of controversy whether bleaching mixture of one part of treated germ Mid three 
by nitrogen peroxide is due to oxidation or to parts of white flour constitutes Hovis flour, from * 
nitration. Bleaching does not change a low- which Hovis bread is made. • • 

grade flour into a higher one, and bleached flour The relative nutritive values of white and 
should therefore bo declared as such. whole-meal bread is a highly controversial 

The souring of bread i§ one of tho baker’s gubject. It is claimed that # whole-meal bread is 
problems. It is the result of a combination of richer in protein and so more valuable, but this 
Dacterial fermentations, the bacteria being i s far from being generally Irqp. A Becond con- 
introduced by the yeast* by the flour, or, as tention is the larger amount of mineral matter, 
should not occur, by the use of dirty vessels, especially phosphetio acid, in the brown bread. 
The flavour of fermented bread improves This is oertainly true, but experience has shown 
gradually as the process proceeds until a maxi- that the mineral matter is not all absorbed from 
mum is reached, after which, if fermentation is white bread, whilst in whole-meal bread the 
continued, it begins to deteriorate. At this quantity absorbed is so muoh less that it is 
stage the alcoholic fermpnt is exhausted and probable the blood obtains muoh the same 
the acid fermentation begins to predominate, amount from both (Hutchison). Whole-meal 
Hie sourness is mainly due # to lactic and acetic bread is defectively absorbed, owing to the 
acids, the odour to acetio and sometimes butync cellulose which it. contains preventing tne gastric 
acids (J. Soe. Ohem. Ind. 1916). A cause of juices from gaining access to the neighbouring 
mustiness in bread has been traced to the nutritive ingredients, and for the same reason 
presence of Ehizopus nigricans and Aspergillus it interferes somewhat with the absorption of 
m the flour from which the bread was made. other foods. When the unsatisfactory flature 
Extracts made from such flours when mixed 0 f the whole-meal bread itself and tfce pre* 
with good flour caused mustiness or sourness cautions necessary in its manufacture are taken 
in the resulting bread. • ^ into consideration, its universal use in times 

Such bread-diseases as ropiness (c/. E. J. of plenty is not to be advocated. With bread 
Watkins, Ropiness in Fjpur and Bread, 9 . Soc. containing added germ the case is different, the 
Chem. Ind. 1906, 350) are due to specific bacteria, bran is absent and the food value, # both *s # 
According to K&ysef and Delaval, ropiness is regards protein and phosphate, i» larger thin 
due to bacteria of the genus Mesentericus , of white oread. m ** 

originating in flour. The spgres form rods The use of flour containing the untreated, 
3-6 fx long and 0-4^0-6 p thick, sometimes original germ of the wheat berry for bread is, 
united in pairs and very resiatanff to chemical none the less, disadvantageous, since the flour 
and physioal reagents. The development on j easily becomes ranoid and the germ enzymes 
bread is very rapid with abundant spore forma* I oommenoe to act on the gluten from the monftnt 
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th&flour is made, causing the loaf to be of poor 
Colour and to be*less finely vesiculated and 
digestible. These factors more than outweigh 
the advantages of the very small additional 
amounts of protein, oil, and phosphate ^intro¬ 
duced and the slightly sweeter flavour of germ 
bread. The germ contains 10-12 p.e. of oil, 
which, it is -stated, can be used for the pro¬ 
duction of margarine. Under war conditions 
in Germany arrangements were made to 
collect the germ from the mills and extract 
this oil. The residue of the germ yields a 
valuable protein food. The germ also contains 
such vitamines as are present in the wheat- 
grain. If the vitamines winch are considered 
as essential to the maintenance of health, 
are to bo •obtained from none of the other 
foods eaten in the dietary, then wholemeal 
breadSvill have obvious advantages over that 
made from white flour. However, m actual 
practice this is not the case. 

The desire foF more phosphates can bo met 
by the addition of phosphoric acid to the flour, 
as is indeed being done at the present moment 
during the milling process m order to improve 
the quality of Hour (cf. Hulnphnes, Eng. Eat. 
13135 and 17270*’of 1008; Ulutty and Jago, 
Eng. Pat. 22434 of 1000; Levin, Eng. Pat. 
3073 of 1010). 

Under the stress of war conditions both 
milling and baking practices were altered, and 
every effort was made to render the maximum 
possible proportion of the wheat grain available 
for human food. Millers were only allowed 
to manufacture straight run Hour, and the 
percentage to be extracted from wheats of 
various origin was laid down m numerous 
orders under the Defence of the Realm Act. 
This amounted to 81 p.e. for English and hard 
Manitoba wheats, mil 83 p.e for Indian and 
Australian varieties. In addition, not more 
than 25 p.e. and not less than 10 p.e. flour from 
other cereals was to be mixed with the vvlieaten 
flour. Bread was to be at least 12 hours old 


before it was sold. 

Authorities. —Jago, Science and Art of 
Breadmaking, London, 1U11 ; *Hutehmson, Food 
and.the Principles of Dietetics, London, 1011 ; 
Wfieat : Brit. Ass. Report, Winnipeg, 1909 ; 
Hamill, Local Govt. Board, No. 114, 1911. 

E. F. A. 

BREAD FRUIT, The fruit of Artocarpus 
incisa (Linn.). The tree grows freely in tropical 
islands, and yields fruit continuously for 9 months 
in the year. The fruit is nearly spherical, and 
sometimes weighs 5 or 0 lbs. It is usually 

f athered while yet unripe, i.e. before its starch 
as changed into sugar: sometimes the unripe 
iS peeled, wrapped ill leaves and cooked 
whole, cwhen a product resombling ordinary 
bread is obtained; or the unripe fruit is dried, 
powdered, and sifted, yielding a flour which has 
the following composition :— 

Water Protein Fat Staich Fibre Ash 
l c 142) 1 0 0*2 83*8 02 04 


“(Baffling J. Bharm. Chim. 1903, 17, [10] 476). 
The leaves and wood of Artocarpus incisa are 
devoid of colouring matter (A. G. Perkin, 
Soo. Trans7l898, 73, 1019). A closely 
tree (Artocarpus integrifolia) bears a still 
r fruit, ' jak fruit,’ weighing about 25 lbs., 


of which about 26 p.o. is flesh, the remainder 
being rind 66 p.e., and seed 8 p.e. The flesh, 
whe* ripe, contains about 5 p.e. of sugar, mainly 
cane sugar (Pringen, Geerligs, Chem. Zeit. 1897, 
21, [72 j 719). H. I. 

BREAN v . Oleo-resinsI 

BREEZES. ( Braise , Fr.) The dust of ooko 
or charcoal. The coke burner applies this term 
to the small residual coke obtained in coke 
burning. The sifted ashes removed from houses 
is called ‘ breeze,’ and sold under that name to 
briokmakers and others. An arrangement for 
burning breeze is described m J. Soc. Chem. Ind. 
5, 425 * 

BREiDlN, BRElN v. OLEO-RESltfS. 

BREMEN BLUE and BREMEN GREEN. 

Pigments containing a basic copper carbonate 
with alumina and calcium carbonate. 

BREWING. Beer is made from water, 
malt, and hops. Raw, prepared grain, or sugar 
is often substituted for a portion of the malt, 
and sirme other vegotablo bitters occasionally 
for a portion of the hops. 

Water used m brewing must be free from 
sewage pollution, poisonous metals, or sub¬ 
stances which may affect the flavour of the 
beer, such as iron. 

The composition of the water used in mashing 
has an important effect on the final product. 
Indeed, it may be considered that the reputation 
of the best-known brewing districts was initially 
due to their natural water supplies. The 
following table gives the amounts of the more 
important constituents of some of these waters. 
The figures represent parts per 100,000 :— 

•’ Burton Dublin London Munich Pdsen 
CaO . 20-40 14 3-10 10-20 4-10 

MgO . ft-15 1 1-2 3-4 2-4 

SO 3 . 40-80 1-4 1-20 2-4 2-14 

CO, . 15 10 4-35 10 3-5 

Cl . . 4 2 2-10 6 1-4 

Na 2 0 and 

K 2 0 . 6 ! 4-20 — 2 

Nitrates .2-10 — — — — 


The Burton water?, by means of which are 
produced the iincst pale and strong ales, are 
characterised by calcium sulphate with smaller 
quantities of carbonate, and magnesium sulphate 
and carbonate. Small quantities of ohlorides 
and nitrates are usually present, even in waters 
which arc free from t sewage pollution. The 
amount of ca’cium sulphate varies considerably 
in the different wells, owing to the unevat. 
distribution of the gypsum in the formations 
through which the water percolates. 

The Dublin water used in brewing the well- 
known stout has its chief constituent, calcium 
carbonate, removed by boiling before use, so 
that as used in the mash tun it is a very pure 
water. 

The London waters are used for beer and 
stout brewing, but although the beers are not 
much £.nown outside the’district, London porter 
has more than a local reputation. They are 
chiefly characterised by calcium and sodium 
carbonate; sulphates and chlorides are also 
usually present., Some show a high amount of 
sodium chloride, and are, no doubt, contaminated 
by sea water? and if more than 100 parts NaQl 
per 100,000 are present are unsuitable for 
brewing, 
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The Munich waters are very similar to the 
Dublin waters, and the dark full-flavouredjager 
is their product. ° % 

The Pilsen waters are extremely pipe, and 
in the small amount of salts the carbonates do 
n 6 t dominate the sulphates, as in the Dublin, 
London, and Munich waters. The lager beer 
produced is a pale and delicate beer. 

Waters Containing sodium chloride ,up to 
50 parts per 100,000 are considered suitable for 
brewing mild ales. 

Where the natural water does not conform 
to one of these typos, it is usual to make some 
attempt at imitating it by the addition of one 
or more salts. Thus, if pale ale is to be brewed, 
calcium sulphate or chloride is added; if mild 
ale, a smaller proportion of calcium salts and a 
little sodium chloride. For brewing stouts, the 
wat^c is softened by the addition of suitable 
salts. In general, calcium and magnesium 
carbonates are removed by boiling or by heating 
under pressure with agita tion. Such treatment, 
although resulting in a better beer, is said not 
to equal that obtained v oy the untreated natural 
waters. 

Much has been written in order £o explain 
the effect of the dissolved salts. Waters con¬ 
taining calcium sulphate produce pale, delicate 
beers which clarify well; calcium chloride 
appears to have similar effects. Calcium salts 
remove much phosphoric acid. Malt always 
contains more of this than the yeast requires, 
and it is possible that a removal of a portion 
may be beneficial, although it is conceivable 
that under somo conditions, such as the use of 
a large proportion of some malt substitutes, too 
much might be removed. Magnesium salts do 
not g\j;e such satisfael ory results; the beers 
have a reddish shade, and do not clarify so well. 
Sodium chloride produces a sweet flavoured beer, i 
‘Calcium and magnesium carbonates give dark, 
harsh flavoured beers, which do not clarify 
easily, and these effects are accentuated if 
sodium carbonate is present. 

On the whole, tne evidence indicates that 
although the nature of the dissolved salts has 
some effect, yet the chief results are due to the 
change which the salts produce on the hydrogen 
ion concentration when the malt is mashed with 
th$ water. 

‘ The effect of acidity on enzyme action is 
well known, and the bad effects of alkaline 
waters are largely due to their restrictive effect 
on enzyme action. Schjerning (C. R. de. trav. 
du Lab. de Carlsberg, 1913, 312) measured the- 
hydrogen ion concentration of worts made with 
waters containing various salts. He found 
caloium sulphate and chloride and magnesium 
sulphate and chloride, when about 100 parts 
per 1 00,000 are present, all raised this from P 1 ' 
6 U to 6’7. That sodium chloride and sodium 
Bulphate had no effect, and that calcium and 
magnesium carbonates lowered it. He also 
found that P h 55 was the most favourable for 
enzyme action on the carbohydrates, and 6*3 
for the proteid transformation, and that slight 
changes between this and 6*1, the normal P h 
of mplt worts prepared with distilled water, 
h*v£ a marked effect on these aotions. Sherman 
and Thomas (J. Amer. Chem. Soc. 1915, 625) 
find a P h 4*2 to 4 - 6 for the maximum diaatatic 
potion. The effects of these salts on enzyme 


action have been confirmed by other authors. 
H. T. Brown (J. Inst. Brewing, 1909, 216) 
and Weiss, (C. R. dn Lab, de Carlsberg, 1903, ' 
216', ‘found that calcium salts increased the 
amount of soluble nitrogen compounds, Und 
many others have observed the effect on starch 
transformation. 

Malt contains primary and secondary phos¬ 
phates, and it is easy to construct an equation 
showing how calcium salts may increase the 
acidity, thus:— 

4K ,H PO 4 -f3CaSO 4 

-2KH 2 P0 4 +3K 2 8v) 4 -FCa 3 (R0 4 ) 9 
Other equations may be written, showing the 
formation of dicaleium phosphate, but as this 
is also insoluble, the result will not be affected. 

It may be otherwise with magnesium salts, as 
dimagnesium phosphate is soluble, and this 
may explain the less satisfactory effect of 
magnesium salts. On the other hanJ, Schjerning 
found them to have the same effect on the 
hydrwgen ion concentration as calcium salts. 

The preference of brewers for hard water 
for brewing beers thus seems explicable; but 
the equally well-established fact that soft 
water must be used for stout does not appear 
so evident. The lager beer brewers also find 
hard waters unsuitable. Somo Continental 
authorities have gone the length of stating that 
the most suitable brewing water for all purppses 
is water free from dissolved salts, but the faith 
of the pale ale brewer in his sulphated water 
remains. See also O. Miskowsky, Zeit. f. d. ges. 
Brau. 1911, 49 and 97 ; Windisch and Goldacker 
(Jahresber des. Ver. u. Lehranstalt f. Brauerei, 
Berlin, 191,0; Read- 
man, J. $oc. Chem. 

Tnd. 1894, 361; Lott. 

Trans. I. Br. 1897,344; 

Matthews, Trans. I. 

Br. 1893,109,and 175). 

Malt is made from 
barley, occasionally 
from wheat or oats. 

Barley used for malt¬ 
ing is mainly of foyr 
different varieties:— 

Fig. 1. 

A. Hordeum vul- 
gare (ferastichum), 
found in commerce 
as Chilean barley, 
sometimeacSyrian. 

B. Hordeum inter¬ 
medium, found * in 
commerce as North 
African and Smyrna 
barley. Bere. 

C. Hordeum dis- 
tichon, found in com¬ 
merce as Goldthorpe, 

Chevalier, &c. 

D. Hordeum defi- 
cierh, Bulletin 622^ 

Bureau of Plant 
Industiy, Washing¬ 
ton, U.S.A. 

The barfey corn 

consists of three chief -Darts, the coverings (the 
pale® (P)*the endosperm (fi), and the embryo 
(G) (Fig. 2). 
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The coverings contain the greater portion 
of the cellulose and cellular matter, and % larger 
proportion of ash than the remainder of the 
cop ; the endosperm contains the dfcardtf and 
some reserve proteid. 

The six-rowed barleys, the first two on the 
above list, aro smaller than the two-rowed 
barleys, roughly in the proportion of 3:4; 
the proportion of endosperm to the remainder 
of the com is smaller, and consequently they 
contain less starch. The chevalier barleys con¬ 
tain a less weight of skin (palene) than the 
goldthorpe. 

"The following table summarises the most 
trustworthy data obtained from the analyses 
erf barley. Whilst the relative amounts of the 
constituents differ, the same substances are 
present in all ripe barleys used in malting, 
whether of different varieties, or grown undei 
different climatic conditions. Barley may be 
considered as normally containing 14 p.c. of 
moisture. • 

Average Composition of Dry Barley. 


Starch 

. 50-00 p.c 

Gums 

. 9-10 

Nitrogen compounds 

. 8-14 „ 

Sugar 

2 „ 

Fat 

. 2-3 

Cellulose and fibre 

. 15-30 

Ash : 

. 24-3* 


The gams are hydrolysable to glucose, 
arabinose, and xyloso (Lindet, Compt. rend. 
1903, 73; O’Sullivan, Chem. Soc. Trans. 1882, 
1 ; Brown, Trans. Guineas Lab. 1906, 312). 

Nitrogen compounds. 45 p.c. are insoluble 
in water and alcohol; 35 p.c. insoluble in water, 
but soluble in 75 p.c. alcohol (hordeino); and 
20 p.c. soluble in water (leucosfti, edestin, &c.) 
(Osborne, Amer. Chem. Soc. 1895, 539). 

Sugars consist chiefly of cane sugar with a 
little raffinose and glucoie (O’Sullivan, Chem. 
Soc. Trans. 1880, 58). , / 

Fat contains 78* p.c. neutral fat, 14 p.c. 
free fatty acidB, 4 p.c. lecithin, and 6 p.c. choles¬ 
terol (Stellwaag, Zeits. f. d. ges. Brau, 1886, 
175). 

Cellulose and fibre. About one-third is true 

cellulose. 

Ash consists chiefly of silica and potassium 
phosphate; probably in the barleye the phos¬ 
phorus is not present as phosphate (Windisch, 
C. C. 1906,1573). A lipoid or diamino phospha¬ 
tide has been identified. Barley tlso contains 
effiymes, including a diastase of translocation* 
which does not act on starch paste, but sacchari- 
fises soluble starch (Kjeldahl, C. R. Lab. Carls* 
berg, 1879, 129; Ford and Guthrie, J. Inst. 
Brewing, 1908, 61). 

Malting consists in the partial germination 
of the grain, by first steeping it in water, then 
allowing it to grow to a definite amount, and' 
then stopping the process by drying by heat. 

The objeot in malting is to so modify the 
cell walls of the endosperm, and produce enzymes 
that in the mash tun^the starch may be readily 
dissolved; to do this with the least loss by 
respiration or rootlet; without transforming 
too much of the insoluble protefds into soluble 
compounds; and avoiding the production of 
undesirable decomposition compounds by moulds 
or bacteria. 


671 

It is evident that the first essential m a 
suitable barley. Such a barley must be nurture 
in the/widest sense of the word. If if, is, then 
all th^ grains will, under the proper conditions, ’ 
germinate evenly. It must be uniform # in 
size tnid in composition, both chemically and 
morphologically. It must be free from damaged 
| corns or foreign grain. Other things being equal, 
barleys with a high nitrogen content are not 
so satisfactory. 

Elaborate schemes have been drawn up in 
Germany for tho valuation of barley, based on 
a' system of marking of points, but they are too 
cumbersome for ordinary practice. Experience 
enables a fair judgment to bo made of the 
malting value of a sample. Unless a barley has 
been harvested under the best cjjmatic con¬ 
ditions, it is founchihat its uniformity of germi¬ 
nation is improvecfly drying on a kiln, aad this 
is a common pracw&e. Also that storage for a 
few months after harvesting is for the same 
reason advisable. j 

Tho malting proyss is commenced by 
steeping the grain in water. The steeping 
cistern is usually* of brick or iron, and provided • 
with a perforated bottom for drawing off the 
water. • 

It is usual to use a moderately hard water, 
such as would form a good domestic supply, 
but as some authorities advocate the aduition 
of lime-water, it would appear that a slightly 
alkaline water is quite suitable. ■» 

Two or three days are necessary at a tem¬ 
perature of 10°-13° C. (50°-55° F.); tho thicker- 
skinned varieties taking the longer time. About 
50 p.c. of water is absorbed, and the grain 
becomes quite soft to the finger-nail. 

One of the inner coatings of the ba^ey jftain 
is somi-permeablc, and will not allow any of -a 
the soluble constituents to pass from tlje 
interior, nor admit anything but pure water 
from such waters as are likely to be employed 
for steeping (A. J. Brown, i’roc. Roy. Hoc. 
1909, 81). A considerable Amount of matter is 
extracted from tho surface and outer skin of 
the grain, and, of course, fr#m the interior of 
damaged corns. As numerous bacteria, &c., 
are always adherent to the surface of the 
barley, the water soon becomes putrid, and it is 
therefore customary to change the steep water 
several times. 

The drawing off and renewal of the water 
aerates the steeping barley, and this is found 
to be beneficial. 

Too long a steeping impairs the vitality of 
the com, and too short does not allow sufficient 
water to be absorbed to carry on the germination 
sufficiently. 

It is probable that germination comraences 
during steeping,(but the amount of change is small. 

After steeping, the grain is thrown *out of 
the cistern on to the growing floors. These are 
made of cement or tiles. Chitting soon begins, 
leading to the production of rootlets, and the 
plumule begins to grow. Owing to the adherence 
of the paleae, the plumule grows up till side »f • 
the com under these, and does not emerge * 
until it reaches the distal end of the graft. The 
i rootlets emerge from the proxftnal end of the 
grain. These outward appearances of germin*- 
: tion are accompanied by profound change in the 
! interior of the grain. • 
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^Germination ia an enzymic process of 
demolition, followed by a building • up. The 
embryo secretes enzymes, which break down into 
a soluble form the reserve matters of tfi?i endo- 
spprm, and.utilise them for its growth.! So at 
any stage before germination is complete there 
will be a whole series of compounds present in 
the grain from* complex to simple, and again 
from simple to complex. ' 

One enzyme, cyfa.se, attacks the walls of the 
staroh cells; this action is most important, as 
on its completeness depends the tenderness of 
the malt. Tho walls of the' starch cells of 
various barleys differ materially in their 
tendency to ready dissolution. Generally those 
barleys most prized for malting are those in 
which the cell walls give way most easily. These 
cell walls must lie broken down before (lie 
starch is available; the products of their j 
transformation form an important food for the 
first growth of the young plant. This dis¬ 
solution not only precedes starch dissolution, but 
proceeds more rapidly,, and this fact renders 
it possible to attack the greater parts of the 
cell walls before the starch is to any great 
extent dissolved. The diagram (Fig, 3) shows 




o 
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the process (Brown and Morris, Them. Soe. 
Trans. 9890, 469). A at 3 days, B at 6 days, 
c at 10 days. 

. . Afotlasc attacks the starch and transforms 
it into sugars, part of which are still found in the 
finished malt, part utilised by the embryo and 
part oxidised by respiration to carbon dioxide 
and water. Proteolytic enzymes attack the 


.reserve protoplasm (Weiss, Wff. 1904, 388)i 
there Are probably also fat splitting enzymes, &o. 

Those shanges are affected by temperature, 
amdimt 8f moisture, aeration, and the business 
of the maltster is to control them. This he 
does by turning the malt, spreading it in thiok 
or thin layers, sprinkling it with water, and 
regulating the temperature of the malthouse as 
best he may. Tf tho temperature be allowed to 
rise above. 12°-13° (55° F.), increased enzyme 
action leads to larger rootlet production "and 
| respiration^ losses. Increased temperature, ac¬ 
companied by increased moisture, leads’ to 
increase in both protcid and starch degradation 
products in the finished malt (Brown, J. 1. Br. 
1909, 190) If too much water be given the 
plumule (aerospire) grows too fast. Both 
excess and deficiency of water reduce oxidation 
and rootlet growth. If the carbon dioxide of 
respiration is too much dispersed by excessive 
turning and the grain is too much aired, there 
is excessive respiration loss. Too little oxygen 
impairs the necessary germinative changes 
(Schjerning, 0. K. Lab. Garlsberg, 1910, 169; 
Brown. ,1. Inst. Brewing, 1907, 394 ; and 1909, 
170). The grain having grown several bushy 
rootlets, and the aerospire from 2/3 to 3/4 up 
the grain, it should have arrived at the proper 
stale of endosperm modification ; that is, the 
cell walls should be brokon down. 10°-13 0 
(60 o -65“F.) ia considered the most satisfactory 
growing temperature (Jfay, C. J. 1891, 664; 
Ulaber, Brewers ,T. 1907, 359; Weiss, 0. C. 
1904, 37.1), The time on the floor necessary for 
Hus is from 10 to 12 days at the usual malting 
temperature (50 n -55°F.), the thin six-roweu 
varieties t^ie longer. Some Continental malsters 
floor the malt for a shorter time, but they 
are satisfied whh a less modified malt. 

In order to save the considerable amount of 
labour and space necessary in a floor malting, 
and to obtain more command over the tempera¬ 
ture, several other, germination methods lave 
been devised ; these go by the general name of 
pneumatic malting. The steeped barldy is 
placed in rotating drums which are supplied 
with cooled saturated air, the amount of which 
may be regulated at will. The difficulty is, 
j that in cooling tho malt by a current of air 
excessive _ respiration takes place, and this 
often at the later stage of germination, when a 
check on respiration is most neoeasary. A 
! method of overcoming this is to conduct the 
| final stage 8f germination in the drum or in a 
box in which the sarbon dioxide is allowetfTo 
| accumulate. 

The grain is now ready for the next process 
that of drying. 

The kiln consists of a tail building adjacent 
to the growing floor. On the ground floor is 
one or more fire baskets for burning coke or 
anthracite coal, or a furnace for heating air- in 
case the drying is to be done without bringing 
the products of oombustion in contaot with the 
malt. The former is Che British plan, the latter 
the Continental Above the fire baskets or 
furnace, is a floor or two floors of perforated 
tiles or wire mesh, on whioh the grain to be 
dried is loaded, and above is a roof with a 
cowl or other suitable ventilating appliance 
with adjustable openings. The air inlets on , 
the ground floor are also capable of regulation,; 
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|two floors, tfee drying is I 
i floor and finished on the 


If the kill 
begun on th< 

bottom floor. « | 

The malt being loaded in the 4oln, the 
temperature is slowly raised so that atx?ut $5°- 
66° (160° F.) is reached in three days, when the 
temperature is further raised to 93°-94° (200° F.) 
more or less, dependent on the kind of malt 
that iB being dried. 

Owing to the slow rise of temperature, 
germination continues during the earlier stages 
of drying; but as the temperature increases 
the vitality of the corn is destroyed. th£ enzymes 
being reduced or altered. The amount of 
• diastase in the dry malt is 1/3 to 1/4 of that in 
the green malt. In the last period empyreu- 
matic products are produced by the caramolisa- 
tion of the carbohydrates and protcids, and the 
well-known biscuity flavour appears. In order 
to produce this, the temperature and moisture 
must have a certain correlation. Too much 
water at a high temperature would produce a 
cooked product, and too little, not sufficient 
caramelisation. 

If the products of combustion are allowed 
to come in contact with the malt, care must be 
taken that the fuel used is frco from arsenic. 
Coal and coke nearly always contain some, so 
that that variety must bo selected which does 
not contain more than 1/20 grain arsenic per 
pound. 

When the malt is dry, it is removed from 
the kiln and passed through a machine which 
first detaches the rootlets by beaters, and then 
separates them from the malt by screens. When 
'< cool, the malt is stored m air-tight bins until 
required for use in the brewery. If exposed to 
damp air, it absorbs iqpisture and deteriorates. 

*The rootlets or ‘culms’ form a valuable 
cattle food, a large part being digAtiblo. Their 
composition is:— 


Fat 

Proteids . 
Carbohydrates . 
Gdlulose and fibre 
Ash . ■ • 


1-2 p.o. 
24-28 „ 
42*-48 „ 
11-15 „ 
0-7 „ 


100 parts dry Chevalier Parley yield on the 
average 89 parts malt; 4 p.c. is lost in rootlets, 
and 7 p.c. in respiration (E. S. Beaven, J. Inst. 
Brewing, 1902,687). * , , 

''The changes which take place whetf barley 
ia converted into malt are complex. In a 
normally malted barley about 60-70 ac. of the 
nitrogen compounds are in some wa? altered, 
andabout 35-40 p.o. have passed from the 
endosperm to the embryo. Some of the nitro- 
genous compounds are removed with the rootlet, 
So that malt always contains less than the barley 
from which it is made On the whole, a large 
proportion of the insoluble albuminoid of barley 
is still insoluble in the malt; the hordein is 
oarfclv converted into a similar body, hymn, 
and partly into soluble nitrogenous compounds 
*of lower molecular weight. • 

> The soluble bodies ar^ further degraded. 
About*40 p.c. of the nitrogenous bodies are 
permanently soluble on mashing. The nitrogen 
5Tth. mmWi&bte nitrogenons mittem of 

' mate »otable k °° ld wster T “ ¥ ln ^ to f on a , 9 

' feltow«: (H. T. Brown, 9. I net. Brewag, 1907, 

• 418): 

Vol. L-~T. 
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Ammonic i 
Albumose^ 

Peptorfe nitifgen 
Amfde and amine nitrogen 1 
Organic bases nitrogen 
(betaine, choline) . 
Unaccounted for 


35 p.o. 
20 „ 
31 „ 

8-6 „« 

4 „ 

33 „ 


100 , 


When mashed, the soluble nitrogen sub¬ 
stances v\ ill be increased about 60 p.o. 
Schjerning (C. R. Lab. Uarlsbcrg, 1910, 387) 
states that 20 p.o. of the total nitrogen of the 
malt should be tryptic decomposition product* 
(ammonia, amme-amid), and that 6 or 6 p.c. 
of the total nitrogen amount occurs in the wort 
as albumin (leucosin). About one^third of 
the total nitrogen of the malt is soluble on 
mashing. • 

From 16 to 18 p.c. of the starch has been 
transformed into sugars—the greatest portion 
(9-15 p.c.) is found in the malt »a portion has 
been utilised by the crowning embryo, another 
portion is removed by wie rootlet, and some 
has l>een lost by respiration. 

Malt is always m<yo acid than barley, and 
it lias been suggested that as it usually contains 
less fat than barley, a portion of this is due to 
saponification and corresponding liberation of 
fatty acid. The increased acidity has also 
been attributed to the work of acid-forming 
bacteria during the flooring and early stages of 
the drying. 

Malt contains fats containing free fatty 
acids and unsaponifiable matter; also a 
lipoid (diaminophosphatide) (Liters, Zeitsch. 
ges. Brau. 1916, 97, 125). 

Malt, like barley, contains amylans or^ums, 
but we know nothing of the change produoed 
in these by malting. , 

The cellulose and fibre are*very slightly, if 
at all, affected by the malting process. 

There is a little less ash ,m malt than in 
barley, as the steep water dissolves about one- 
tenth of it; the constituents are, however, 
unaltered. 

One of the most* important facts for the 
brewer is the proportion of the malt soluble in 
the mash tun. This includes all the water- 
soluble compounds of the malt and those trans¬ 
formed into soluble compounds by enzymes at 
the mashing temperature. The chief of these 
is starch, but some of the insoluble nitrogenous 
substances are also rendered soluble. 

The ‘ extract ’ varies from 76 p.o. or more # 
for the best two-rowed varieties, such as 
English,, Hungarian, &c., to 70-73 p.o. for 
Californian and Smyrna, and is as low as 
66 p.c. for some of the very %hm six-rowed 
North African varieties. ♦ 

There is probably more than one amylase, 
perhaps two; one liquifies, and one sacchari¬ 
fies; out there may be more. It is said that 
amylase may be extracted by a 60 p.o. aqueous 
solution of glycerine or a 3 p.c. aqueous sofcitaon i 
of pyridene, and that such extracts will retain 
their activity for years. Maltase is ako prGwut 
(Marino and Fiorentino, Gazz. ohifi. itai. 1906, 

i Chiefly asparagine, a little leucine and tyrosine 
and a trace of aliantoln. 

2 X 
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395; Davis and Ling, Chem. Soc. Trans. 1904, 

m. 

A proteolytic^, and two pofitolytfc enzymes 
are present, the former with an optimum tem¬ 
perature of 56°-58° C., and the latter 251-37° C., 
the first is destroyed and the others. greatly 
weakened at 50° 0. » 

Also peroxidase and catalases which exist 
in barley ( increase during germination and 
decreaso by kilning (Van Laer, J. Inst. Brewing, 
1900, 313; Schjerning, C. K. Lab. Carlsberg, 
1910,200). b 

Malt, as it leaves tho kiln, is free from 
moisture, but on exposure it* quickly absorbs 
a small percentage. Care must be taken that this 
does not exceed 3-4 p.c., or the malt become^ 
slack and deteriorates. Unknown (possibly 
proteolyUc) changes take place which render it 
unfit for brewing. 

/-s already stated, a portion of the malt is 
often replaced by substitutes, in 1915 British 
brewers used 70 p.c. malt, 1 p.c unmalted 
grain, 6 p.c. mf.ize, nee, and other preparations, 
10 p.c. sugars. American brewers used largo 
amounts of raw gram or maize grits. German 
brewers in pre-war days used no malt sub¬ 
stitutes, but some used partially malted barley, 
which more nearly resembled barley than malt. 
Although no doubt unmalted grain, maize, rice, 
and their preparations are used on the score 
of economy, the samo cannot bo said of tho 
sdgar; the use of this is considered to yield a 
beer that clarifies quicker, but the chief reason 
is, that a fuller (sweeter) beer is obtained. This 
is what tho public demands. 

Maizo, rice, and their preparations are used 
either as grits, consisting of the broken up 
endosperm free from the germ and coverings, or 
as the same material flaked, i.e. a form in 
which the standi has been partly gelatinised 
, by moisture and heat. 

Tho sugars Ih common use are raw cane 
sugar (not raw beet sugar, which contains 
nauseous impurities), refined eano sugar, invert 
sugar prepared by inverting with weak acid 
raw cano sugar and purifying the product, and 
glucose prepared by the action of acid on 
starch ( q.v .). 

Hops give to beer its well-known flavour, and 
act as a preservative. They also fulfil other 
important functions in the course of browing. 

A characteristic pecu¬ 
liarity of the bitterness 
of hops is that it is tran¬ 
sient, after tho beer is 
swallowed the bitterness 
at once passes away. 

The ripe female flower 
is the part used in brew- 
' ing. This consists of a 
cone of bracts ( 6 ). At 
the base of the bracts 
are the seeds and lupulin 
glands. Owing to tho 
absence of male plants 
in the Continental gar¬ 
dens the hops are seed- 

le9s - anti A r; 

¥ ncan hops are seeded 

' 4 owing to the presence of 

few male plants in the gardens. There are good 
j^reaeons for both these practices, dependent on the 
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variety of hops grown. In An experiment made 
on English hops it was found that seeded hops 
contained 15 p.c. lupulin compared with 17 p.o. 
in the same variety seedless, but as the yield 
was 4 mifoh larger in the first case, 147 lbs. 
lupulin per acre were obtained in the one case 
against 92 lbs. in the other. 

Tho brewing value of the hop depends mainly 
on the lupulin. The amount varies very greatly, 
from a lew p.c. up to as much as 20 p.o. of 
the weight of the hop. It contains essential 
oil, wax, resins, and one or more alkaloids, 
&c 

The essential oil forms 0'2-G‘8 p.c. of the 
hops. It is easily soluble in alcohol and ether, 
but only in COO parts of water. Its principle 
constituents are an aliphatic hydrocarbon 
myrcenc C ] 0 H lfl , b.r>. 160°-]68°, and a sesqui¬ 
terpene humvlenc , b.p. 263°-2C6°, those form 
80-90 p.o. of the oil. There arc also oenanthylic, 
caprylic, and pelargonic ethers of myrcenol 
(C 10 1I X 7 OH) (Chapman, Chem. Soc. Trans. 
1895^ 783; 1903,., 505; and Rabak, J. Inst. 
Brewing, 1915, 75). 

Most of the oil is volatilised when hops are 
boiled with the wort, but as hops are also added 
to tho finished boor, the oil from these latter 
will remain. 

The resin is said to consist of two crystallis- 
able slightly acid bitter substances soluble in 
petroleum spirit, named the o- and 8 -resins, and 
a resin ( 7 -resin) insoluble in petroleum spirit, but 
soluble in alcohol and not precipitated by lead 
acetate. 

All three are soluble in ethyl-ether and 
methyl-alcohol. 

The a-acid C 20 Hgo0 6 , m.p. 56° C., precipitable 
by alcoholic lead acetatq, may be oxidised to 
valeric acid, the / 8 -acid not precipitated by this 
reagent is C 2 fII s 6 0 4 , m.p. 92°-93° C., on oxida¬ 
tion yields a yellow resin; the 7 -acid is stated 
by some authorities to bo tasteless and valueless 
I in brewing, and by others to have a slight bitter 
I flavour and to bq capable of coagulating some 
albuminoids from worts. 

Authorities differ as to which of the first 
two are the rnoro valuable in brewing; the 
3* acid is usually* present in largest amount. 

I Both of these are easily changed by heat or 
storage into insoluble and presumably less 
valuable resins. • The a- and 8 - or soft resins 
may boc estimated in hops by extraction with 
petroleum spirit, which also extracts the wax ; 
this may be removed by extracting with 
methyl effier, in which tho wax is insoluble, 
and weighing the amount extracted; or titling 
this with N/ 80 KOH, using phenolphthalein and 
taking 1 c.c. of normal potash as equal to 0‘40 
gram resin. There is considerable ‘ discrepancy 
concerning these resins in the literature of 'the 
subject. 

About 2-5 p.c. of tannin is present infaops; 
whetjier tliis is of value as an albuminoid pre¬ 
cipitant is uncertain. Hops also contain 0‘5- 
1 me. nitrogen compounds soluble in hot water 
(Chapman, Chem. Sec. Trans. 1914, 1895 and 
879). Small quantities^ of alkaloids are present 
in hops, and oholine has been identified; also 
carbohydrates, fibre, ash, and moisture. An 
oil can be ^extracted from the seeds. Hops 
contain c^astase. «. 

Power, Tutten, and Rogorson (Chem. Soo. 



Trans. 1913, 1291) examined the alcoholic 
extract whioh was insoluble in water and 
amounted to 14'1 p.c. of the hops examined. 
These were New Kent, containing* 10'5 p.o. 
water, 24 p.o. tannin, 7*9 p.c. aslf. *Pliey 
isolated from it:— 

Ceryl alcohol C a7 H 66 0, hentricontanc C 81 H fl4 , 
A phytosterol C 87 H 4# 0, A phytosterol glucoside 
CasHggOg. A mixture of volatile fatty acids, con¬ 
sisting of formic, acetic, butyric, valeric, and a 
hexcnoic C e H ]0 O a , b.p. 204°-208°, and identified 
Tisopropylacrylio acid and a little nonoic 
acid 0 9 H 1 s 0 2 ; saturated 
and unsaturated non¬ 
volatile acids, including 
palmitic, stearic, and 
cerotic acids, and an acid 
^ m.p. 62*5°— 

03°, appai ently an iso- 
mcride of arachidio acid, 
cluytonic acid*U 21 1I 42 0 2 , 
(59° 
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and soft i^sins is doubtful. In practice empirical 



xanthohumol C 13 U J4 0 3 , 
m.p. 172°, tasteless. 

Jt thus appeals that 
the bitterness of hops is 
not due to any single sub¬ 
stance, but is to be attri¬ 
buted to a number of pro¬ 
ducts, most of which are 
a morph* 



t . unpin 

methods are employed for valuing hops. Tin 


are based*on the ‘fool’ anci ‘aroma’ of Ihe 

.- t ^his, in 

it to 


The antiseptic value of 
hops ^considered to be d*e 
to U 10 soft (a- and £-) resins, 
but experiments made on the 
toxic power of aqueous hop 
extract on bacteria do not 
altogether confirm this. Jt 
was found that the volatile 
constituents have no anti- 
sep*io power, that tive-sixth^ 

01 the antiseptic power was 
extracted by one hour’s boil¬ 
ing with water, but that under 
these conditions not much of the soft resins 
was extracted, and the portion extracted seomed 
to be changed to the hard or insoluble resin. 
The antiseptic substance was present in true 
solution, and compared with other antiseptics 
was weight for weight more toxic to Deer 
bacteria than salicylic acj^ or potassium fteta- 
bisulphite (Brown, J. Inst. Brewing, 1910, 041 ; 
and 1913, 261). 

It thus appears that the nature of the 
preservative substance of hops ifi still to be 
determined, and that tje value of the results 
obtained from estimations of the so-failed hard 


hops wMen rubbed between the hands. m _ 

experienced hands, enables a judgment^ to be 
made of flavouring and preservative values. 
It soerAs likely that the judgment so arrived 
at on the preservative power is often erroneous ; 
but in the present state of the chemistry of the 
hop no more trustworthy means is Available. 

Hons are sometimes contaminated by arsenic 
derived from the fuel used in the kilns in which 
they are dried. To avoid this, hot air is often 
used, the actual combustion products not coming 
into contact with the hops. Hops are usually 
exposed to sulphur dioxide when drying in the 
kiln. ThiB improves their colour and otherwise 
appears to have no ill effoet. Freo^ulphur is 
also found in hops ; this is duo to the application 
of sulphur to the hop plant for the prevention 
of mould, or may possibly occur when sulphuring 
m.p. 09°; humulol | hops on kiln by incomplete combustion and 
Gj 7 llu(G 4 , m.p. 190°, volatilisation of somo sulphur. * 
with a bitter taste* and I Sulphur is transformed by yeast into sul¬ 
phuretted hydrogen, wnich, if introduced into 
the finished beer, may spoil the flavour. It may 
bo detected and estimated by the amount of 
stain produced by the evolved gases on lead 
paper. a 

Patent, roasted, black, or chocolate malt is 
made by roasting already prepared and usually 
short grown malt in a rotating cylinder. Ten 
p.c. of this malt gives to stouts and porters their 
colour. 

Brown malt is dried in a special kiln, on 
which a high finishing temperature is obtained, 
booeh wood being the fuel used. 

Amber and crystal malt are prepared by 
has, how- ) heating malt in cylinders, 'but the routing is 
ever, been j much less than in tho preparation of black 
malts. Brown, amber, and crystal malts. 

besides being u&d in stout brew¬ 
ing, are also used to give colour to 
mild ales. 

('aramd, rilade by heating 
sugar, is al-o employed for colour¬ 
ing hi out" and bear^ The heating 
is u.-ualh done in the presence of 
an alklfli (ammonia), as in this way 
intenser 


isolated. 




Fig. 5. 

• _, w . w 

(('hem. Soo. Trans, 1917, 589-608), V. Caea*ei.. 

Tlio first stage of actual bbewinq is the 
grinding of the malt. If tho malt, were*com- 
plotely modified, that is, if tho cell walls of the 
starch cells were completely disintegrated, this 
would be a comparatively easy matter, and the 
simple method of just crushing the grain between 
two plain iron rollers would be all that iSneces* 
sary. Although malt never is perfectly modified, 
yet muoh that is made is sufficiently so fBr this 
method to be employed in mfhy breweries. 
Still even with the best malts, when crashed by 
this method, it is possihle to deteot starch in 
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the residue remaining in the mash tfun after 
extraction is completed. This is due to the 
facS, as has already been described,*that dis¬ 
solution f of the Sell wall proceeds frcgn the 
proximal to the distal end of the grairf; and 
that as even the finest barleys do not germinate 
absolutely evenly, to avoid excessive Ioffe from 
overgrown corns, the process must be stopped 
in many corns 0 before its completion, so that 
there must be a number of corns containing a 
smaller or greater ‘ hard end.’ 

In order to reduce these ‘ hard ends ’ to a 
condition in which they will dissolve in the mash 
tun, they must be finely ground. If the whole 
com were finely ground, the extraction would be 
so slow as to make the process unworkable. 
Mills have therefore been devised in which the 
roughly crushed malt is separated by sieves and 
air currents into various portions, and the grits 
and kird ends finely ground and re-mixed with 
tho remainder of the crushed malt Fig. 0 is a 
modern malt mill. v 

The grinding is usually preceded by treat¬ 
ment in cleaning machinery, m which the malt 



is brushed, beaten, exposed to a current of air, 
and sieved. Thus stones, surface dirt, straw, 
weevily (empty) corns, and other foreign bodies 
are removed. 

The grpund malt is collected in receivers' 
(malt hoppers or grist cases) until tho amount 
required for the brew is complete. These 
receivers command the mash tun, the vessel in s 
which the malt and water are mixed. 

- Fk. 6 is a diagrammatio representation of the 
maalfmg side of a brewery. 

Mash tuns (Fig. 7) consist of wood or iron 
vessels fitted with fake bottoms of perforated 
metal plates. Pipes are connected with the 
bottom of the tub for drawing off the extract 
^wort)/ In the upper portion, or above the 
tun,j*tf& inlqte for the malt, hot and cold water; 
and a& underlet for hot water is usually inserted 
in the bottom of the tun. The tun is generally 
.provided with mixing gear rakes ’). A 
anaiger for sprinkling-hot water on the surface 


of the mash is required, SO that the grains may 
be thoroughly extracted. * 

At the proper tinje, water at a pre-deter- 
mined temperature and the ground malt are 
miasd. <This is done either by plaoing in the 
mash tun sufficient hot water and admitting 
the malt with constant string, or the malt ana 
hot water are admitted together through a 
special mixing machine, a ‘ steel ’ masher being 
the one in common use (Fig. 8). The mash 
may now be treated by the ‘ infusion ’ or the 
* decoction ’ system. 

The infusion system is employed in the pro¬ 
duction of British beers. The mash (tempera 
ture about G6°-06° (lf)0°F.)) is simply allowed 
to stand for a couple of hours, and the infusion 
then drawn off, the insoluble residue (brewers 
grains) is exhausted by sparging with hot 
water. 

The decoction system is employed for the 
production of ‘ lager 5 beers. The malt is 
usually mixed with water to give a compara¬ 
tively low temperature mash, 33°-49° (100°- 
120° F.) (sometimes cold water is used), and 
allowed to stand at this temperature for a 
couple of hours; no starch degradation takes 
place, but it is a favourable temperature for 
proteid transformations. About one-third of 
the thick mash from the bottom of the 

tun is run into a copper (mash-copper) 
and then boiled for half an hour, after which 
it is returned to the mash tuns; this raises 
the temperature of tho whole about 30° F. 
After another interval, a further portion is 
withdrawn and boiled and returned to the 

mash tun, and this again repeated if re¬ 

quired. The mash is then treated as by the 
infusion system. t 

Instead of being extracted in mash tuns, 
the mash may be pumped into a filter press, 
and in this way the wort separated from 
the insoluble residue. Special presses have 
been designed for the purpose. Larger extracts 
are obtained, as it .is possible to deal with finer 
ground malt. 

When the mixture (mash) # is first made, 
there is a rise of temperature of 2°-3° F. 
due to hydration < or adsorption; the drier 
the malt, the more heat is evolved. Starch 
transformation causes a rise of 0*o° F. Im¬ 
portant enzymic changes take place in the 
mash. Tho chief of these is the saccharification 
of the starch. There are also important 
proteolytic changes and other less important 
enzymatic Stations. These changes are influenced 
by the temperature, fineness of grinding, amdjht 
of dilution, duration of the process, and com¬ 
position of the mashing water, &c. The 
temperature has a great influence on the 
character of the starch transformation 
Starch). Brewery mashes are usually qaCBod 
out between 63° and 68° (146® and 166° F.), 
and about four-fifths of the starch is converted 
into maltose; G5°-66® (160°F.) is the optimum 
temperature for quantity* 

Proteid transfonaction is most active at a 
lower temperature, 46°-Wf® (113°-131 0 F.), but 
the action continues up w about 77° (170° F.). 
From 6 to IS, p.o. of nitrogen compound* are 
rendered soluble at 66° (160° F.), and if the 
deoootion low temperature is employed, about 
3-4 p.c. additional, but the change is ohiefly 
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m. the production of more lower • grade said to be used for this purpose) and heated by 
ouL «„ , . , fire or sfejam. The amount of hops used ysites 

• “ haa “Jroadjr been with the quality of the beer to be brewed, 
pointed out, will affect the amount qf extract. Ordinary mild ales require about 1* lb., per 
out the composition of • r 


Ifgmm 


but the composition of * ” ' -•> ~~ -.•- * 

the wort is not otherwise 
affected. • 

The extract increases 
with the amount of dilu¬ 
tion up to 6 water to 1 
malt, after which it de¬ 
creases. This is due to an 
increase in the quantity of 
starch saccharified, as the 
amount of proteid trans¬ 
formation decreases with 
the dilution. All the en¬ 
zyme actions reach their 
maximum amount within 
the first hour, or, at most, 
two hours. 

The effect of alterations 
of the mashing water has* 
already been desoribed; . 
the more sparging water is 
U%ed for extracting, the 
greater is the amount of 
nitrogen compound ex¬ 
tracted. For this reason 
brewers do not press the 
extraction too-far. 

When raw grain or grits 

are used as substitute for a portion of the malt, the barrel, bitter beers from two to thfte times this 
starch of these must be first gelatinised by boil- quantity, and export and strong ales still more, 
mg, ancl this when mixed with the mash is sac- The avorage amount used in the United Kingdom 
charifled by malt diastase. It is stated, however, m 1914-15 was If lbs. per barrel. Lager beer 
that if the material is finely ground, the starch brewers uso about | lb. hops per barrel, 
can be saccharified<n the mash tun by the malt Boiling with hops destroys the enzymes of 
diastase without previous boiliii^. Flaked grits the wort, increases the acidity, prdfcipitates 
will saccharify in the mash without previous coagulable albuminoids, hydrolyses some con- 
boiling. stituents, increases the wort constituents bf 

feugars are usually added to the wort in the the addition of the soluble portions of the hops, 



copper. _ stenlises the wort, and darkons the colour, 

The draff or ‘ grains ’ remaining in the mash probably due to aeration causing oxidation, 
tun after extraction is completed, forms a The hydrogen ion potential increases by 
valuable cattle, food. 

It may be used fresh, 
and then contains 
about 70 p.c. water; 
in this stato it does 
not keep well. If 
dried, it keeps in¬ 
definitely. 

The composition 
o^ the dried pio- 
duct is 

Carbohydrate . 41 £ 

Proteid . . . 22 ** 

Fat ... . 7 

Fibre ... 10 

Ash .... 4 

Water-. . . 10 



The mash tun woi$ as it flows from the mash boiling with 1 lb. hops per barrel frflm 0 lb 
tun is collected in a wort receiver or underback, 5-5, and to 5 if 2^ lbs. per barrel are added, 
and thence is conducted into the coppers where Proteid coagulation reaches its maximum 
it is boiled with hops. • after 4 hours boiling, about 5 p.o. of the total 

These vessels, as tfceir name indicates, are nitrogen is thus precipitated; the greater tie 
made of oopper (although iron vessels are also amount of hops the greater the amount of 

♦ ' ■ 
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coagulation, 6ut as the hops contribute nitro- p.o. 
gAous compounds, the total amount of nitro- Hultc 
genbus bodies in tfie wort is not much affected, shout 


geirous bodies in ihe wort is not much affected. 

After boiling, the contents of the oopjers are 
emptied into tho'hop back, a vessel furnished 
with a false bottom of perforated plates by 
means of which the liops are strained from the 
wort. The lay t er of liops acts as a filter, and 
removes tlip albuminoids and other matter 
precipitated by boiling. The hops renfiiining 
are either extracted with hot water or pressed 
dry in a hydraulic press, the spargings or 
pressings, as the case may be, being added to 
the remainder of tho boiled wort. The spent 
hops were formerly used as a manure, but now 
(1018), owing to the scarcity and high price of 
feeding stuff, arc used as cattle food, cither 
fresh from* the brewery or usually dried and 
ground and incorporated with other materials. 
The ffiried hops contain 22 p.e. proteins and 35 


& c. assimilable carbohydrates (Baker and 
ulton, J. Inst. Brewing, 1917,465). The wort 
should run off from the hop-back quite * bright.’ 


I Hranch Blank 
Cap CO Tun 


It is jio\^ Allowed to cool. Formerly only large 
shallow vessels were used, but now these vessels 
are of varying depth, or are sometimes dis¬ 
pensed with; in any case" the wort remains in 
them only for a short time. The cooling is 
completed by allowing the wort to flow over 
refrigerators, vessels in which a current of cold 
water flows in tubes in tho reverse direction to 
the wort which flows outside the tubes. The 
cooling stage is of considerable importance, both 
chemically and biologically. 

The wort, during coolmg, throws down a 
deposit, partly due to the separation of calcium 
oxalate, some of which forms a scale on the 
coolmg vessel, and partly to a separation of 
minute particles called gluten particles, and 
which appear to be a compound of proteid and 
hop tannin (Brown, J. Inst. Brewing, 1913, 84). 
This substance contains about 10 p.c. nitrogen, 
it is easily soluble in alkalis, and is reprecipitated 
by a trace of acid. It not only separates during 
cooling, but continues to deposit more or less 



during all subsequent stages of brewing and the separation of the above-mentioned gluten 
storage. Although its total amount is small, bodioa in Eueh a minute state that they will not 
never reaching more than I p.c. of the nitrogen deposit. In general some kind of cooler is 
compounds, yet owing to its liability to form used, either a shallow or doep vessel, 
opalescent suspensions, it is of considerable ( Infection on the cooler and refrigerator 
importance. Agitation whilst cooling from must be initially -due to air infection, and 
49 (120 I.) to 27° (80° F.) is found to cause proposals have been made to supply the rooms 
flocculation of these particles. in which these are placed with sterilised air. 

During the cooling process, the wort absorbs In piactice it is found, in all but exceptional 
°xys^n from tho air. From experiments it cases, that the amount of air infection is very 
appears that from 5 to 7 c.c. oxygen may be small compared with the amount of Vessel 
absorbed per litre of wort, the hitter figure infection. If the coolers are made of metal 
indicating full saturation. _ there should be little difficulty in keeping these 

' wort also usually becomes infected sterilised, as the hot wort every time it covers 
during cooling. Until the temperature falls themfshould do this ; if they are wood it is found 
below 56 C. (130°F.) there can be no infection ; that, however well ftade, sterilisation is im- 
§o for xhis reason coolers are sometimes die- possible. Owing to its porous nature organisms 
pens^d with, end the worts run direct from live in the pores just below the surface, and the 
hop B&ck to refrigerator and thus rapidly non-conducting nature of the wood prevents 
cooled. This is effectual in reducing infeotion, any but the immediate surface layers rising to 
but it has been found sometimes to lead to the sterilisirg temperature, 
clarification trouble, which appears to be due to I The refrigerators, with the neoesaary pipe 
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connections, are rfietal, and it appears at lirst 
that there should be no difficulty in keeping these 
sterile, but owing to crevices at joints, &c., in 
practice oOmplete sterility is impossible to attain. 

With care, a harmful amount of inf #c tier* can 
be avoided, and air sterilisation, although it may be 
looked on as a counsel of perfection, rendered un¬ 
necessary. If, however, precautions are not taken, 
the cooled wort may be very grossly infected. 

The wort runs from the refrigerator at a 
temperature of 15°-16° (60°F.) or thereabouts, 
according to the time of the year and kind of boor, 
into tho fermenting vessels. For lager beer, how¬ 
ever, the wort is cooled to f>°-7° (40°-45° F.). 

The fermentation vessels are made of wood, 
metal, stone, slate, concrete, &c. Metal may 
bo considered tho ideal material, as its surface 
is impervious, and it is easily sterilised. They 
are usually either circular or rectangular with 
Hat bottoms; circular vessels have no corners 
in which dirt, can accumulate, but rectangular 
vessels make more use of Clio often limited space. 

As soon as the collection begins tho wort is 
4 pitched,’ f.c. is seeded with a yeast derived 
from a previous brewing. The number of yeast 
cells added is very much gieater than the 
number of organisms with winch the woit is 
normally infected. Tho amount, however, must 
be so regulated, according to the nature of the 

f jOrt, that a considerable increase (5-10 times) is 
ossiblc. The yeast ‘ Saccharomyces cerivmce,' 
used by brewers, is a ‘ culture' ye;ist, that is, one 
which has been selected or possibly evolved in civi- 
lisod communities as specially suitable for brewing. 

There are two main varieties, ‘ high ’ or 
‘ top ’ fermentation yeast, and ‘ low ’ or 
4 bottom : fermentation yeast. 

The first is used at a higher temperaturo 
than the set end ; * the brewery fermentations 
are consequently more rapid; tiheyeast rises to 
the top towards the end of the fermentation, 
whereas, under the conditions in which the latter 
is used, it fy.ll * to the bottom at the end of tho 
fermentation. Lager beer is brewed on the low 
fermentation system ; all <?ther beers and stouts 
on the high fermentation system. 

As worts usually become infected by other 
yeasts (wild yeasts) and> bacteria during the 
cooling arid subsequent processes, tho yeast 
crop ootttined at the termination of fermentation 
will contain foreign organisms. As tlu» is used 
for seeding the succeeding worts, ^t is easily 
possible in time for the seed yeast to become 
seriously infected, even if tho initial w#rt infec¬ 
tion is Kept down by suitable precautions. As 
vPcll be seen later, these foreign organisms may 
lead to serious defects in the final product. 

In order to surmount this difficulty, Hansen, 
in 1883, introduced his pure yeast system into 
bottom fermentation breweries He separated 
single yeast cells from the brewery yeast, and 
from each of these grew sufficient to make a 
trial browing. The culture giving the most 
satisfactory result was selected and u&d in the 
brewery. A pun pitching yeast was thus 
obtained. This has b^n adopted witfl great 
success in lager beer brewing, but breweries 
working on the tojf fermentation system have 
not found the pure yeast thus prepared altogether 
satisfactory. Many reasons have been given 
for this. Although tjere seems to be no doubt 
that in some breweries, notably* in Denmark 


and America, top fermentations are carried out 
successfully with a pure yeast; yet in many 
other breweries in which it has been trie(j/it 
has bran abandoned. Tt is fairly well agreed 
that tie explanation of its non-succes& is that 
a mixture of yeast is necessary in this case, 
although there is much diversity of opinion*as 
to what this mixture should be (Claussen, J. 
Inst. Brewing, 1904, 308 ; Van Laer, ibid. 1894, 
55; $iau, ibid. 1900, 118; Schionning, C. R. 
Lab. Carlsberg, DOS, 138; Morris, 1900, 333). 
Yeast may be freed from bacteria by treatment 
with solution of definite acidity (about 0T p.c. 
H a S0 4 ) (Brown* J. Jnst. Brewing, 1910, 328). 

Fermentation by growing yeast cells is a 
complicated process, in which numerous 
chemical reactions take part. Although our 
knowledge of these is far from complete, yet 
many important factors have been determined, 
it is considered that only the hoxose ^ugars 
are fermentable, the di-saceharidos being first 
transformed into their constituent hexoses by 
enzymes, cane sugar by inverse, maltose by 
maltase. The rate of fermentation of glucose 
and lovulose is independent of tho concentration, 
except m very strong or very weak solutions; 
it is proportional to tho amount of yeast. 

Tho amount of* yeast present in the fer¬ 
menting wort at any time depends oy. many 
factors, if a small yeast seeding bo introduced 
into wort, the yeast grows unrestrictedly until 
the concentration is sufficient to cause con¬ 
siderable chemical changes in thy wort; the 
yeast growth is then slowed. 

During the period of unrestricted growth the 
number of yeast cells increases logarithmally with 
the time; that ib, over equal intervals of time 
l (generation time) the number of cells doublo 
themselves. Brewers’ yeast growing unrestrict¬ 
edly at 20° (J. has a generation time*of three 
hours. Temperature has a great influence; 
between the limits at whicb*yeast grows freely, 
5°0. increase causes the rate of growth to be 
doubled. Carbon dioxide retards the rate; 
saturation with this gas ♦halves tho rate of 
growth. Alcohol over 2 p.c. retards the rate 
of growth, the amount depending on the tem¬ 
perature as well as the concentration. Air 
(oxygen) is necessafy for yeast growth. Brewery 
wort naturally contains aissolved air, and oxygen 
combined with some wort constituent can also 
be used by the yeast. Half-fermented wort, 
saturated with carbon dioxide and prevented 
from absorbing oxygen by a covering of this 
gas, is deficient in oxygen necessary for yeast 
growth. The amount required is small. H. T. 
Brown estimates that 1 *7 c.c. oxygen is necessary 
for the growth of 10 10 yeast colls (about 2$ 
grains pressed yeast). Yeast growth also 
depends on tho chemical composition of the 
wort. There must be present a carbohydrate, 
suitable nitrogenous substances such as §ie pro¬ 
duced during the germination of the barley for 
the purposes of the growing embryo, and phos¬ 
phates, potasfuum, calcium, and magnesium salts 
(A. J. Brown, Chem. Soc. Trans. 1905, 1395; 
H. T. Brown, J. Inst. Brewing, 1909, J 69; an4 
Annals of Botany, 1914, 197 ; Stern, Chem. $oo. 
Trans. 1899, 201 ; and 1901, 943 ; Sltfor, ibid* 
1906, 128 ; 19(58,217 ; Bioohen* J. 1913,197; J. 
O’Sullivan, Chem. Boo. Trane. 1892,593, and 926). 

The changes which take place during the 
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fermentation of a brewery wort are briefly as 
follows: An average seeding (pitching) of 
14 million cells per cubic cent, wijl increase 
up* - to about 100* million per c.c. There is a 
period tf quiescence before growth starts. It 
then proceeds steadily, but retarding influences 
Boon come into action and continually slow 
down the rate. The chief of these is the effect 
of carbon dioxide and the gradual failure of 
the oxygen f supply. There is plenty of yeast 
food present, and the amount of alcohol is not | 
sufficient to have • any great influence. Rapid | 
fermentation is now taking place, with evolution j 
of large quantities of carbon dioxide which | 
prevents air getting into the fermenting solu- ! 
tion. It is at this stage of the fermentation 
that brewors who employ two fermentation 
vessels (sec below) usually ‘ drop ’ or ‘ tun,’ that 
is, transfer the fermenting worts from the one 
vessel to the other. This causes the removal 
of soft© carbon dioxide, and allows some air to 
be absorbed by the woyts, there is a slight 
renewal of yeast growth ; but the chief amount 
of yeast increase has now taken place. The 
rate of fermentation is*oow mainly dependent 
on the numberof yeast cells and the temperature. 

The'influence of temperature is great; the 
following table gives the ‘grams dextrose fer¬ 
mented per sccoifd by 10 14 yeast cells (Burton 
yeast) , . c — 

Temperature 40° C. . 0V5 grams. 

„ 35° C. . 4'00 

30° C. . 300 
„* 20° 0. . 2-08 

„ 20° C. . 1-30 

„ 15° 0. . 0-08 

„ 10° 0. . 0-345 „ 

„ 5° C. . 0140 „ 


The temperature continuously rises owing 
to the Ifeat evolved by fermentation: the heat 
of fermentation of glucose is 22K. (Bouffard, 
Qompt. rend. 1895*357 ; A. J. Brown, J. Inst. 
Brewing, 1901, 93), and the brewer has to 
control this by suitablo cooling appliances. 

Glucose, fructose, and cane sugar are fer¬ 
mented faster than maltose; maltose is not 
so abundant in tho yeast as invertase. Small 
amounts of gluccfee present in half-fermented 
wort may very likely haw come from the 
maltpse; there are also present in malt worts 
transformation products of starch of higher 
molecular weight than maltose, and there is 
some evidence that some of these are fermented. 

The mechanism of alcoholic fermentation 
is still to be discovered, although some facts 
have been determined. Buchner and his co¬ 
workers (189^—98) proved that an enzyme capable 
of fermenting glucose could be separated from 
the living yeast cell by great pressure. Harden 
and Young (Proc. Roy. Soc. 1908, 299; 19011, 
330.; d910, 321) have investigated this reaction 
and established the equation, 
2C.H ll T>«+2P0 4 HR 1 

~2CO|+20 i H|0+2H t O-fC e H lfl 0 4 (P0 4 R 2 ' g 
The hexose phosphate may be isolated and its 
salts prepared; when hydrolysed by acid it 
decomposes into phosphorio acid and fructose; 
^fc*is sbw hydrolysed bv*an enzyme present 
•in yealt juice fcnd the resulting sugar fermented. 
By filtenng the jpice through gelatine supported 
by-a porous filter oell, Harden and Young were 
sole to separate the juioe into two portions, I 


either of whioh was itself incapable of fermenting 
glucose, but which regained this property when 
reunited. The filtrate containing the co- 
enzyme cap be boiled without losing its activity, 
but* i the residue is thermolabile. Harden 
(Biochem. J. 1917, 1104) found that a mixture 
of potassium or ammonium phosphate with 
acetaldehyde or potassium pyruvate can function 
completely as the co-enzyme. Instead of yeast 
juice obtained from the living cell by pressure; 
these reactions can be carried out by Lebedeff’s 
dried yeast (Compt. rend. 1911, 49), or zymin 
(Albert, Buchner, and Rapp, Ber. 1902, 2376). 

Flow far this important work bears on 
brewery fermentation it is difficult to say. 
Fermentation by living yeast is not influenced 
by the addition of phosphates, and one-half of 
the sugar is not fermented rapidly and one-half 
slowly. It seems probable that there are inter¬ 
mediate products between the sugar, and 
alcohol, and carbon dioxide, and although much 
work has been done, the theories so far advanced 
do not carry conviction. 

The chief products of alcoholic fermentation 
are alcohol and carbon dioxide, the amount of 
alcohol produced according to the simple 
equation of Gay-Lussac is 51-1 p.c. from a 
mono-saccharide, and 54-1 p.c. from a di- 
i saccharide. Tho sugars of malt worts consist 
of about 83 p.c. maltose and 17 p.c. of sugqjg 
I p re- existent in the malt which are mainly cane 
sugar, glucose and fructose. H, T. Brown 
(J. Inst. Brewing, 1914, 693) found there was 
produced at the commencement of the fermenta¬ 
tion 56 p.c. of alcohol (0-1*5 p.c. alcohol) falling 
to 52 6 p.c. (1 *5-3-0 p.c. alcohol) and 51-5 p.c. 
(3 p.c. alcohol onwards). 

Besides alcohol and carbon dioxide there are 
produced by the fermcntati&n, glycerol, succinic 
acid (Ehrlich, Bred. Zentr. 1908, 197), and higher 
alcohols (Ehrlich, Bcr. 1907, 1027 ; Ashdown 
and Hewitt, Chcm. Soc. Trans. 1910, 1636). 

A considerable reduction of the nitrogen con* 
tent of the w-ort takes place during fermentation. 
This varies from 20'to 40 p.c. of the total wort 
nitrogen, according to working conditions. By 
adding more sugar and again, fermenting it is 
possible to remove nearly 60 p.c., but a further 
fermentation will only remove a few per cent, 
more (H. T. Brown, J. Inst. Brewing, 1907, 423). 

The hydrogen-ion potential increases during 
fermentation from 5 to 4 (Luers, Zeits. Ges. 
Brau. 191C 79). 

The amount of acid produoed during fer* 
mentation i% dependent on the acidity of the 
ivort; within limits, ( the more alkaline the wort 
the more acidity is 'produced; thus the yeaet 
tends to produce a certain favourable con¬ 
centration of acid (Windisch and Koolman, 
Woch. Brau. 1914, 225; Moufgang, Bras*, et 
Malt, 1913, 177 and 297 ; 1914, 72). 

If the wort were left undisturbed in th&j 
fermentation vessel, the first cauliflower-ly 
foam which forms in a few hours, would give 
place about two hours later to a larger rocky 
and glistening foam, agd this in two or three 
days in turn to a yeastyhead. Throughout the 
greater portion of the fermentation, the yeast, 
which has a higher specific gravity than the 
wort, is kept in suspension by the rising bubbles 
of carbon dioxide, but towards the end it 
flocculates add entangles the rising bubbles of 
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CO., the spongy mass thus formed rises to the 
surface, forming the yeasty head. If, however, 
not quickly removed, the gas is lost a»d the 
yeast falls to the bottom of the* liquid. If 
yeast be not removed as soon as it rises, Mt be 
allowed to fall through the fermented wort 
(or beer as it now is$, it communicates to this a 
yeasty flavour and spoils it. In bottom fer¬ 
mentation the yeast also flocculates towards 
the end of the fermentation, which owing to 
the low temperature proceeds much slower, and 
the yeast falls to the bottom of the vessel. 

The top fermentation brewer, therefore, 
adopts some system of ‘cleansing,’ that is, 
some mode of removal of the yeast as soon as 
it rises to the surface. There are two typical 
systems in use, i.e. ‘the skimming 
system,’ in which the fermentation 
throughout proceeds in large vessels, 
and the yeast as it rises is skimmed oil; 
and the ‘ cleansing system,’ in which 
the latter portion of the fermentation 
is conducted in casks, and tin* yeast al - 
lowed to work out of the bung hole, the 
cask being kept sufficiently full by top¬ 
pings of bright beer There arc many 
modifications of these two systems. 

The skimming system is the one 
chiefly employed in the United King¬ 
dom, but instead of skimming off the 
yeast by haivlt an apparatus termed a 
yeast parachute is fixed in the fer¬ 
menting vessel; this has a funnel shape 
wit h the narrow end in communication 
with a pipe passing through the bottom 
of the vessel (Figs. 9 and 10). 

The height of the aperture is con¬ 
trolled by suitable glaring, so that the 
yeast as it nses flows over the edge 
through the pipe into a vessel ifelow. 

In very large vessels this is assisted by 
. the movement of the board. Attem- 
perators, or coils through which cold 
water can he circulated, ace usually 
fitted so that the temperature of the 
fermenting wort may be controlled. 

It is usual to commence the fermen¬ 
tation in a plain vessel and*' drop ’ the 
wort when about half fermented into 
the skimming vessel. The effect of 
this has been described above. 
r An ela boration of the simple cleans* 

■ ing in casks, is the Burton Union 
System. This is so totally different 
from the skimming system that all others may be # [ 
saw to be intermediate, and it. is not proposed | 
to describe them. 

The beer to be worked or ‘ cleansed 5 by the 
Burton System, is collected and pitched (seeded) 
in vessels of about 50 barrels capacity, and the 
fermentation allowed to proceed until the at¬ 
tenuation of the fermenting wort is about two- 
tfiteia of the original gravity, and the tempera¬ 
ture has risen to 18°-21° (85 J -70“ F.). The wort is 
then ‘ tunned,’ that is, transferred to the wiions. 

A set of Burton UniSSs (Fig. 11) consiete of 
two rows of casks, ssaoh cask holding about 
ISO gallons, mounted horiiontally on trunnions 
on a frame work. Above the casks is fixed 
a long shallow trough (the yeaSt trough), not 
quite one-half the width of the double row of 
casks, and at one end of the onion eet is a smaller 
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cross trough, the bottom of which is a few inches 
lower than the yeast trough, but high enoughs to 
command the casks. Each cask is furnished with 
a swaif neck which fits into a socket in the highest 
portion of the cask, and projects just over th$ 
edge of the yeast trough, and with a tap at <the 
lowest? portion of the cask, the nozzle of which 
projects a couple of inches intq the cask. The 
tap has a screw thread, so that the inlet can be 
lowcifcd or the tap entirely removed, leaving the 
cask opening free. The casks are also provided 
with attemperators through which cold water 
may be passed for controlling the temperature 
of fermentation! The yeast trough is also pro¬ 
vided with attemperators which are counter¬ 
poised in order that they may be easily lifted up. 



* From Sykes and Ling’s Brewing (Charles Griffin & Co., Ltd.). 


At one end the yeast trough communicates 
witli the cross trough or feeder by outlets at 
various levels, any one or all of which may be 
closed as required. Tho feeder communicates 
with the casks by a long side pipe, the feeder 
inlet of this having a screw cup which m»y be 
raised or lowered in order to prevent sediment 
from the feeder getting into the cask, %r the 
cup may be removed entirely. This pipe is 
furnished with a main tap to control the flow 
into the cask (the feed), and each cask with a 
separate tap, so that any one may be dis¬ 
connected. There tre also outlets from tlft * 
yeast trough and feeder for removing yeasts 
(barm). * 

The casks, top trough, and feeder are filled 
with the fermenting wort, but none of the 
vessels is full of liquid, as there is a considerable 
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amount of foam. The fermenting wort- in where a little more settling* takes place, into 
tha cask is under the pressure of the head of the casks, so that ultimately the casks become 
Uqobr in the feeder, and consequently so long filled cvith more or less bright beer, and the 
as earbov dioxide is being produced in quantity, greater pant of the yeast remains in the yeast 
^ foam is forced up the swan neck into the yeast trou^Fi. The beer is allowed another day or so 
trqpgh. This settles to some extent, and in tho cask to settle, and it is then run from the 
furnishes more head of liquor in tho feeder, and bottom tap by a trough into a vessel below (the 
so the circulation continues. With a wort of racking vessel), tho tap projecting into the cask 
fairly high gravity the whole bulk of the brewing sufficiently to hold back the sediment (grounds), 
would circulate several times. When- the The fermentation is so controlled that at 
fermentation nears tho end, tho character of the racking stage there always remains some 
the foam changes, owing to the rise of tho yeast, fermentable sugar ; and as whatever mode of 
It becomes yeasty, and in the yeast trough yeast removal is adopted, it is impossible to 
separates, a part of the yeast* settling to the remove all, some remains in suspension. In 
bottom, and a part forming a thick skm on the this state the beer is racked, i.e. transferred 
surface; in between these two layers is a from the brewery vessels to the carriage casks, 
stratum of fairly bright beer. This bright beer It is convenient and usual to employ an inter- 
only is allowed to return through the feeder, mediate vessol (racking vessel). This is pro- 



PLAN Fig. 11. 

vidod with taps, usually of special design, so that of the beer, may produce fermentable sugar, 
the casks are filled without ibss due to overflow, and thus give life or * condition ’ to the beer 
iager beer is not racked into the carriage (Brown and Morris, J. Inst. Brewing, 1893, 94). 
casks immediately at the conclusion 'of tho Sugar solutions are often added at racking, 
brewery fermentation, but kept in cold stores or shortly^afterwards. This makes 4 condition ' 
for 2-4 months in lager casks (large vessels certain. 

holding l(H)-3000 gallons). 'During storage a An 'antiseptic, usually a sulphite, is corn- 
slow aftor-fermentation takes place, and during monly addtd. Beer naturally contains some 
the last period the carbon dioxide is allowed to 'SO a , this is introduced during the kilning of 
accumulate up to a pressure of 2-4 Jbs. per the malt and drying of the hops; as muon as 
square inch. The beer clarifies, and is racked 25 milligrams per litre have been found,-but most 
into casks or bottles for immediate cons unction, beers contain only a few milligrams per litre 
Stou^is also often stored in vats between the end (Bonn, Ann. des Falsifications, 1909, 44) j it is 
of the brewery fermentation and racking stage, also an ancient custom to sterilise the interior 
Seferal additions are commonly made to the of the vessels with sulphur dioxide. When 
beer when racked direct from the brewery vessels, sulphurous acid (or sulphites) is added to beer, 
Hops are usually added, from 2 oz. per barrel a portiftn is soon oxidised, the remainder com- 
up to 1 lb. per barrel for strong or stock ales, bines with the sugars or other aldehydio or 
Hops of fine flavour are chosen for this purpose, ketonlc compounds, a^d in this state is much 
' as the Mbp oil which is lost when boiled in the less toxic than the See acid. Wiley (U.S.A. 
coppef is here retained and adds to tho beer Dept, of Agriculture, 19(ft) and Kerp (Arb. aus 
aroma.* Preservative substances of the hop dis- der Kaiserliche Gesundheitsampte, 1904, 21, 
solve in the be#, and the bracts, &c., mechani- 156-284 ; 190F, 26, 231) have made exhaustive 
oally assist clarification. Hops contain diastase, investigations on its toxi^ action. The moderate 
jvhioh, acting on some carbohydrate constituents use of this antiseptic is generally permitted. 
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I he Beer Materials Committee, 1899, reported 
that it would be unwise to prohibit preservatives 
m beer. An International Food Congress, 
Paris, 1909, recommended that it b» allowed up 
to 85 milligrams per litre. Such an afnoAft has 
but a slight retarding effect on yeast growth and 
fermentation, and leas is sufficient to prevent the 
growth of some common beer bacteria, such 
as saccharubuciUus Pastor ianus, which in the 
absence of sulphite may do much damage. 

An important by-product of the fermentation 
is the yeast or barm; not so long ago this was 
a waste product difficult to get rid of, and only 
used as a manure. Now it is a valuable lood, 
and otherwise useful. 

The barm, as separated from the beer, is a 
thick creamy mass, and is usually pressed in a 
filter press, tho bright beer being returned to 
the brewery vessels. Tho filter cake is a cream- 
coloured powdery mass containing about 75 
p.c. water. If allowed to stand, it autolyscs 
and liquefies in a few days by the action of the 
digestive enzymes it contains; the most 
satisfactory way to preserve it, is to dr$ it on 
steam-heated rollers. The pressed yeast is 
heated, when it liquefies, and then flows in a 
thin lilin on to the hot revolving roller, a current 
of hot air dnves away the steam, and m about 
three-fourths revolution the film is dry and is 
scraped off by a iixod knife. Such dried yeast 
is an excellent food for cattle, but possesses a 
rather bitter flavour; this may bo to some 
extent removed by washing the pressed yeast 
before drying with ammonium or sodium 
carbonate. It contains 5-10 p.c. water, 50-60 
p.c. albumenoids, 25-35 p.c. carbohydrates, up 
to 4 p.c. fat, and about 10 p.c. ash, of which 
about one-half is phosphoric acid. By some 
refinements in the preparation a product is 
obtained resembling meat extract, and largely 
used m the preparation of dried soups (Petit, 
Brass, et Malt, 1917, 257). It has been shown 
to contain water soluble accessory growth-pro¬ 
moting subsianco ; this is*not present in meat 
extracts (Drummond, Biocliem. J. 1917, 255). 

From brewers’ yeast is prepared nucleic 
acid (Clarke and Schryvor, Biocliem. J. 1917, 
319); this, on bydrolysis, fields phosphoric acid, 
adenine, guanine, uracil, cytosine, and d-ribose. 
Yeast nucleic acid or its sodium salt ir injected 
subcutaneously with the object of increasing 
the number of leucocytes. Silver preparations 
(nucleosil and nargoi) arc used in inflammatory 
diseases, and iron salts (fer oscolie and nuoleogon) 
in cases of amerma. Thyminic aefti (solurol) i^ 
aRo prepared from yeast and used for rheuma¬ 
tism and gout. 

Brewers’ yeast has been used from time 
immemorial for bread-making. Within recent 
years its use has been largely supplanted by 
1 bakers’ yeast,’ a different variety of SaccJut- 
romyces, which works at a higher temperature 
and does not undergo autolysis so ^quickly. 
This yeast, although not suitable for brewers 
use, is employed by distillers. Brewery jpast is, 
however, improved forHb'akers' use by passing 
through a fermentation in a not-hopped (dis¬ 
tillers)’ wort (Baker, J. Soc. Chem. Ind. 1917, 
836). Yeast contains glycogen, * as much as 
40 p.o. has been found; when ufcd in fermenta¬ 
tion estimations yeaat mtist be, freed from 
glycogen by exposing it in thin layers to the 
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air, otherwise there will be a considerable 
correction to be applied for the auto-fermenta¬ 
tion of the glycogen (Hennaberg, W. f. Brau. 
1902,|781; and Zeit. Spiritusind, liilO,, 242). 

It may be easily prepared from yeast (Harden 
and Young, Chem. Soc. Trans. 1912, 1928), and 
at till same time another carbohydrate, the 
yeast gum of Salkowski (Ber. 1904, 49? and 925) 
is obtained. This latter yields mannose on hy- 
drotyeus. Yeast contains about 2 p.c. lecithine (<ft* 
pallidtoneholme-lecithine). Yeast has a strong 
reducing power, it reduces sulphur and also sul¬ 
phites under certain conditions to sulphuretted 
hydrogen, and \mder starvation conditions can 
even reduce sulphates (Stern, Chem. Soc. Trans. 
1899, 201 ; and J. Inst. Browing, 1899, 399). 

The beer racked into the carriage casks is 
‘ shived down.’ The residual sugar and yeast 
react, and tho carbon dioxide produced by fermen¬ 
tation super-saturates the beer, and it now 
ready for sale. If left undisturbed for a few 
weeks the beer will normally fall bright. This 
is not quick enough for ordinal^ purposes, so it 
is usual to add ‘ fining.’ Fining is prepared 
from isinglass, the swimming bladder of various 
fishes, i.f . Acipenser (sturgeon) giving Beluga 
leaf, (Siberian purse, and other Russian isin- 
lass; Polynemidsc giving* Bombay, East 
ndian, and Penang isinglass; Siluridse (cat- 
fishes) giving Brazil lump; and some well- 
knQwn iood fishes as cod, whiting, haddock, 
and hake giving inferior kinds of isinglass 
(Bridge, J. Inst. Brewing, 1905,* 508). Sole 
skin is also used. To prepare lining, isinglass 
is soaked in water acidified with acetic, tartaric, 
or sulphurous acid, or a mixture of these; it 
swells up, and more water is added from time 
to time, until the isinglass is thoroughly ‘ out * 
and a viscous liquid is obtained, frdfti which 
the undissoived skin is removed by wire sieves. * 
About 3 lbs. of isinglass makes a barrel of fining. 
From 1 pint to 1 quart addend to a barrel causes 
a coagulation in which both fining and the 
suspended matter of tho ^>eer take part and 
which soon settles out, leaving the beer bright. 

If the cask is vented and carbon dioxide is 
coming off freely, the coagulttm is entangled by 
tho rising bubbles,of gas and expelled through 
tho vent hole. Fining will not remove actively 
fermenting yeast or bacteria. It is known that 
beer colloids carry an electric charge and mote to 
the cathode (Emslanderand Freundlich, Zeitsch. 
physikal. Chem. 1904, 317), and a simple ex¬ 
planation of the action jof fining appears to be 
ihat the fining colloid carries an opposite charge, 
and hence, when mixed, the two coagulate. 

Isinglass dissolves in hot water, and a solu¬ 
tion of gelatine is obtained, which however has 
no fining action on beer. 

The cask of bright beer is now ready for 
consumption. Cask beer kept ‘ on tap ’ more 
than a few days deteriorates owing to the loss 
of carbon dioxide and aeration. Bottled beer is 
free from this risk of deterioration and has 
advantages ot convenience ; hence an increasing 
demand has arisen for it. # 

If bright beer be bottled, corked, and placed 
on one side for a few weeks, it will mmally be* 
found that a growth of yeast Jias taken place 
with fermentation and consequent production 
of condition in the beer. The yeast easily 
settles out, and there is usually also a deposit 
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of glutin bodies. This yeast will, as a rule, not 
bi the yeast which has produced the brewery 
fomentation, and which has also produced the 
‘ condition ’ which follows immediately on 
raoking. but a wild (secondary) yeast possessing 
q^ite different properties, and which has 
fortuitously obtained access to tho beef. The 
matter fermented corresponds with the com¬ 
position of ,a mixture of dextrin and maltose 
(Morris, J. Inst Brewing, 1895, 125).* This 
fermentation would, of course, also take place 
if tho beer had remained in cask, and the beer 
would have become turbid from the growth of 
the wild yeast; but when growth kid fermentation 
were completed, the yeast would have settled 
out, leaving the beer again bright, but with an 
altered flavour. Only beers brewed with good 
material and a sufficiency of hop remain stable 
for the length of time necessary for the secondary 
ferraAitation and subsequent elarifieat ion; inferior 
and lightly hopped beers fall a prey to bacteria. 

The best brands of bottled ale thus pro¬ 
duced possess cf character and piquancy which 
is definite and much jn demand. Owing to 
the difficulty of always ensuring the correct 
amount of fermentable, matter and secondary 
yeasts, and the preparation»>f a beer of sufficient 
stability, other methods of preparing bottled 
ale haVe been devised. 

The most successful is to rack the beer into 
strong casks or metal tanks and add sufficient 
Bugar, which, when tormented, will produce a 
considerable* pressure of carbon dioxide. This 
having taken place, the casks containing the beer 
under pressure are placed in a cold store (if the 
beer has been conditioned in tank, the beer is 
forced by air pressure into a similar tank in 
cold store) and kept at a temperature of —2° 
(29° F.Jifor a week or more. 'File beer, when 
cooled, should still be super-saturated with carbon 
tfioxide. The cooling causes a precipitation, 
and in time the Doer would fall bright. 'Phis 
would, however, take so long that it is usual to 
filter tho boer through cellulose pulp made up 
in a filter press. The beer issues from this 
brilliant,, and passes to the bottle-filling machine ; 
in this the pressure is maintained so that no 
carbon dioxide is evolved, .which would cause 
foampg, and render the regular filling of the 
botllos impossible. The full bottles are removed 
from the machine and quickly corked. The 
beer is ready for immediate consumption, and 
when raised to room temperature pours out with 
considerable sparkle, <yid in this way resembles 
what may be termed naturally conditioned beer. 
It has the advantage of being free from sediment, 
but os the beer is not sterile, this only continues 
for a few weeks, after which a sediment forms. 
A considerable loss of colloids takes •place 
during chilling and filtering, and this renders the 
beer inferior in flavour to beer not thus treated. 

It ft not usual to pasteurise beer brewed in 
this country; it keeps sufficiently well for 
ordinary use, which varies from a few weeks to 
a few* months; strong ale, which is often kept 
for a year or more, keeps quite w’ell for this 
time owing to its high alcohol content and hop 
rate; * Wd export ale will remain stable for 
years. Being brewed from fine malt and large 
proportion of hops. With lager beer, however, 
the contrary i* ifce case; if required for export 
this must be pasteurised, usually at a tempera* 


ture of 55°-60° (130°-140 6 F.), and is often so 
treated for home consumption as it does not keep 
more*than 3-6 weeks at ordinary temperatures. 

The chief beer brewing countries are the 
United Kingdom, the United States of America, 
Germany, Austria, Belgium, and Denmark. 
In each country the methdds, and consequently 
the products, differ. The United Kingdom 
brewers employ mainly the high fermentation 
system, although a little lager is also produced. 
The beers are mild, bitter, and,stout (porter). 
The mild ale differs from the bitter in being 
brewed with less hop, 1 lb. against 2 lb. per 
barrel for a wort of sp.gr. 1050, and with a higher 
dried malt giving a sweeter and darker be:'r. 

Stouts and porters are prepared with an 
intermediate quantity of hops and roasted malt 
to give the black colour and flavour. 

Palo ale is a bitter beer prepared from a wort 
of sp.gr. 1060 and about 3 lbs. hops per barrel. 
Stiong and export ales are highly hopped, the 
wort for the former is usually of a sp.gr. 1100, 
but occasionally bCer from worts sp.gr. 1125 
has been brewed. 

The average original gravity was 1052 in 
1914, since then, special war restrictions have 
reduced this to 1030 (1918). 

The average amount of hop per barrel used 
in 1915 was If lbs. 

The beer duty is levied on the specific gravity 
of the worts. 

German and Austrian brewers employ almost 
exclusively the low fermentation system. Dark 
beers are brewed from well-grown high dried malts, 
and light beer from less grown low dried malts. 

In pre-way days very little malt substitute 
was used in"*Germany. Berlin white beer is 
brewed from wheat and'barley malt. The 
gravity of German beers did not materially 
differ from those of the beers of this country, 
although the average gravity is lower owing to 
the non-production of strong ales. The average 
gravity of Austrian beers is a little more than 
that of German beers. The war has caused a 
considerable reduction, beers being now brewed 
of an original gravity of 1012-1036. The beer 
duty is levied on fchejnaterial. 

United States brewers employed both high 
and low fermentation systems, that is, brewed 
‘ ale ’ and k beer,’ as the products of these two 
systems were there called. Tho tendency was, 
however, lfjr beer (lager) to be the chief product. 
Rice and maize preparations were used extensively 
as malt sul^itutes, and the maLt was prepared 
.from a barley of higher nitrogen content than 
the European brewbrs would care to use. The 
duty Was levied on the beer produced. 

Belgium brewed chiefly top-fermentation 
beer, but imported considerable quantities of 
all varieties from the United Kingdom and 
Germany. Lambic, Faro, and Mars are spon¬ 
taneously fermented beers prepared from wneat 
and bartey malt, and may take as long as three 
years to prepare. They have a high acidity. 
Lambij is prepared from a wort sp.gr. 1065, 
Mars 1050°, and Faro a mixture of the other two. 

In France beer is chiefly brewed in the 
northern part and mostly by top-fermentation. 

Holland hrgwe chiefly top-fermentation beer 
of rather poor quality, bat the brewing of lager 
is increasing* r 

Denmark has' a highly developed brew ing 
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industry. Both top and bottom fermentation 
beers of average gravity are produced. The 
duty is levied on the beer, but that containing 
less than 2"25 p.c. alcohol is duty freg. 

Sweden produces half its beer fro*i a* wort 


sp.gr. lesS than 1024, and this is free from duty; 
the other half being low fermentation beer of the 
usual lager type. j 

Tho following table gives* the average per- 
centage composition of the chief types of beers:— 



* Origiual 
wort 

Unfer- 

mented 

tesidue 

Alcohol 

Pale ale . ^ . 

15-4 

5'3 

5-3 

Strong ale . . 

24-2 

11*2 

6-9 

Extra stout 

18-0 

7-2 

5-7 

Mild ale . 

140 

5-6 

4'5 

»> • • 

11-0 

4-4 

3-5 

Light bitter ale . 
Munich lager 

11-0 

3-7 

3-9 

(dark) 

12-5-15-0 

0-11-7*2 

3*0—4*1 

Vienna lager 

10-14 

4 -5 -6-5 

2'9-3-9 

Pilsener . 
American boors 

11-12 

4'5-5-0 

3-3-37 

(lager) all malt. 

12-14 

6-8 

3-4 

American beers, 
40 p.c. corn, 

• 


a 

60 p.c. malt . 

IM-12-0 

5'5-6-5 

3-1-3-3 

American ales . 

10-7 

6-2 

5 5 

Berlin white beer 

0-12 

4-6*5 

0-9-3-6 
(av. 2-75] 


Acidity as 
lactic 
acid 

ApIi 

Nitrogen 

Phosphoric 

acid 

0-1 

0-3(1 

0 08-0-09 

0-05-0-06 

0-3 

0-55 

0-12 

o-io 

0-2-0'5 

0-33 

0-11-0-14 

0-15 

009 

0-3 

0 08 

0-06 

009 

•0-3 

0-044 

0-038 

008 

0-22 

0-044 

0 040 

01 

0-17-0-27 

0-08 -0-11 

04)85-0-102 

0-15 

— 

— 

_ 

01 

0 185 

0-002 

0-0S7 

0-1-0-2 

0-20-0-36 

0-08-0*10, 

w 

0-07-0-13 

0-1-4)-2 

0'155-0*219 

0-05-0-08 

0-055-0-064 

0-2 

— 

0073 

0061 

• 0-4 

0-J4 w 

0-046 

0-030 


Analysts uf lire winy Materials and Beers — 
Waler is analysed by methods in common use. 

Malt analysis is largely empirical. Official, 
methods have been laid down by the Institute of 
Brewing (Journal, 1906, 1 ; and 1910, 529), by 
Continental Brewing Stations (.1. Inst. Brewing, 
1903, 594; Zeitsch. ges. Brauw. 1914, 372 and 
384). Tho (hitermiaationa usually made are :— 
Moisture .—As malt oxidises and otherwise 
decomposes when heated, a definite time and 
temperature is prescribed for drying. 

Extract obtained on mashing. As this also 
varies with the conditions, the official method 


must be used to obtain comparable results. 
It is customary to express the result of extract 
determination as the specific gravity which would 
be obtained if 1 quarter (33ji lbs.) of malt yielded 
ono barrel (36 gallons) wort. The specific 
gravity is expressed in ‘ brewers pounds. ’ 
This method of expressing the specific gravity 
is arrived at by taking the weight of one barrel 
water (360 lbs.) as unity, and the*‘pounds* 
gravity is the figure obtained by deducting 
360 from the specific gravity thi^ expressed. 
Ttot is, 1 lb. gravity—JgJ= # l‘0028 j or 3'60 lbs.« 
gravity—^p — 1010. Degrees of specific 
gravity (».e. the excess over 1000) can bo con¬ 
verted into ‘ brewers pounds ’ by multiplying 
by 0'36. Continental brewers express the 
extract as percentage? To obtain tho quantity 
of matter in solution from the specific gravity, 
the sacoharometer of Balling is largely used; 
this is graduated according to the following 
empirical scale :— 0 

Degrees Balling=Sp.gr. ’fcegrees Balling-Sp. gr. 

2 


1-0040 

6 

1-0240 

1-0080 

7 

1-0281 

1-0120 

8 ' 

1-0322 

1-0100 

9 

1-0363 

1-020» 

* 10 • 

1-0404 


Degrees Balling=Sp. gr, 

11 10446 

12 1-0488 

13 1-0530 

14 1-0572 


Degrees Bailing -Sp. gr. 

15 1-0614 

16 1-0657 

17 1-0700 

18 1 *0744 


The degrees Balling are supposed to indicate 
percentages of cane sugar; they certainly do 
not correspond with the percentage of matter 
dissolved in malt worts. The tables ofSSchulze* 
Ostormann (Zeit. f. d. ges. Brauw. 1878, 248; * 
J883, 10) are also used expensively and give 
percentages, and grams per 100 c.e., for malt 
worts. A set of tables drawn up by Elion 
(Zeitsch. angew. Chem. 189*, 291 and 321) can 
lay greater claim to accuracy, and also give an 
approximation to the percentage solids in beer 
residues. According to this t&ble, if the exoess 
specific gravity ov«r 1000 be divided by the 
following factors, the result expresses the grams 
per lOJ c.c. at 15° C. For 25 grams per '100 c.c. 
factor is 3-97 ; for 20 grams 3'98 ; for 15 grams 
3 ‘99; for 10 grams 4 DO ; for 5 grams 4'01; 
for 1 gram 4*018. 

A simple calculation- will show that the 
figures expressing brewers pounds extract, per 
quarter, per barrel, divided by one of the above 
factors multiplied by 0-336, will give percentage 
extract. The factor may usually be taken as 4, 
so thit a malt yielding 90 lbs. extract, contains 

4><0D36 == ^ I)-C ' matter soluM 0 on mashing. 

Colour of the wort or beer is determined by 
Lovibond’s tintometer. Continental analysts 
employ decinormal iodine solution as the 
standard for comparison. 

Matter soluble in cold water is determined.: a 
this is considered to give an indication of the 
manner in which the germination waa^carried 0 
out. 0 

Diastatic activity, measured by Iintner’i 
method or the modification laid* down by the 






086 BREWING. 


Institute of Brewing Committee, is *a useful 
indication of the kilning. 

'Nitrogen is conveniently determined by the 
Kjeldahl process. * » * 

i4sA.*-The determination of ash by Burning 
in a muffle usually gives low results, owing 
to*the loss of acid radicals, as in sulphates or 
chlorides. Suitable precautions must be takon 
to prevent this.* 

Hops. —'Wio chemical examination olj hops 
has already been reforred to. 

Malt substitutes; such as maize, rice, and 
their preparations, and sugars are in general 
analysed by methods in common use. The 
extract of starchy material is determined by 
the addition of a sufficient quantity of malt to 
convert the starch, and on the same lines as that 
of malt. The extract yielded by the sugars is 
usually expressed as 4 pounds * extract per 
2 cwte por barrel. 

Worts and beer residues are examined for 
matter fermentable by yeact, the optical activity, 
and cupric reducing power determined ; and 
these determinations may be interpreted in 
quantities of dextrin, m#?tose, and other matter 
with some approach to probability (Muftis, J. 
Inst. Browing, 181)5, 125). 

Beer. —The iqost important determinations 
are those of the alcohol and the unfermented 
residue) from which can bo deduced the original 
gravity of the worts before fermentation. This 
analysis is treated of m great detail in the 
Report on ^Original Gravities by Thorpe and 
Brown (J. Inst. Brewing, 1014, 500), and on this 
is based the official table used for revenue 


purposes, and which is 

given here:— 

Spirit indications 
,1 ■ 

Co< responding degrees 
of gravity lost 
. 4-25 

2 . 

. 8-50 

3 . 

. 12-90 

4 «. 

. 17*30 

5 . 

. 21-85 

8 . 

26-40 

7 

3100 

8 . 

. 35-05 

9 . . . 

. 40-30 

10 . 

. 45-00 

11 . 

. • . 19-85 

12 . 

. 54-85 

13 . 

. 59-95 • 


A measured quantity of the beer (usually 100 
o.c.) is takon, filtered, and washed into a dis¬ 
tilling flask; a condenser is connected and 
•the beer distilled to about four-fifths of its 
volume.- The distillate and residue are each 
made up to the original volume and the specific 
gravities taken, usually with a lOOO^grain 
specific-gravity bottle. The table gives the 
degr&s of original specific gravity equivalent 
to th|, specific gravity of the distillate. The 
amount of alcohol contained in the distillate 
is found from published tables, of which an 
excellent one appears in the report above 
mentioned, and is also published separately. 

# The * carbohydrates, nitrogen, ash, and 
oolour qf beer ^re estimated in the same manner 
as indited above for malt worts. 

Preservative *—Methods for the estimation 
of preservatives in beer are given in Bulletin 05 
Of the United -States Dept, of Agriculture, 1901, 


and circular 33 of the same, March, 1907. The 
most common is sulphurous acid; it,cannot be 
estimated by direct titration with iodine, as the 
sulphurous, acid is in a fairly stable state of 
combnatton; but an approximate titration 
may be made by first decomposing with alkali, 
then acidifying and titrating (Ripper, J. pr. 
Ohem. (2), 40, 428). The most satisfactory 
method is to acidify with phosphoric acid, distil 
in a current of carbon dioxide, and receive the 
distillate in a solution of iodine, the sulphuric 
acid formed is weighed as barium sulphate. 

Salicylic acid may bo detected by extracting 
a concentrated and acidified beer residue with 
a mixture of petroleum spirit and ether. The 
ethereal solution is drawn off, and evaporated. 
The residue dissolved in water gives the well- 
known violet colour with dilute ferric chloride 
if salicylic acid is present. If saccharin is 
present, tins would be extracted at the same 
time, aud recognised by its intense sweetness. 
Boric and, fluorides, benzoic acid are occasionally 
added. Complete details of beer analytical 
methods will bo found in W. Windisch, Das. 
Chcm. Lab. dcs Brauers, Berlin, 1907. 

Characteristics and Defects of Beer. —Beer 
should have a pleasant flavour and aroma, be 
super-satur#ted with carbon dioxide, and when 
poured into a glass be bright with a persistent 
foamy head. Beer defects caused by the 
absence of theso characteristics may be due to 
chomical or biological causes, or a combination 
of both. Bacteria are often a cause of defective 
beer, slight changes in acidity have a marked 
effect on the susceptibility of the beer, slight 
increases in acidity making it more, and slight 
increases in alkalinity less, stable. 

Aerobic forms such as the ordinary acetio 
acid bacteria do not grow 5i beer charged with 
carbon dioxidw. Ono of the most oommon 
causes of spoilt beer is Sarciua ( Pediococcus 
cerevisice), this causes turbidity and acidity. 
Another bacteria causing a silky appearance 
and production of acidity is saccharobacillus 
Paslorianus. RopiiTess is another defect caused 
by bacteria; there are several bacteria which 
can cause this, usually not much acidity is 
produced, nor is the beer necessarily turbid. 
The composition of the substance which gives 
the viscosity is C # H 10 O« (A. J. Brown, Cnem. 
Soc. Trans. J 886, 432; Lafar, Technical Myco¬ 
logy, trangl. by C. T. C. Salter, London, 1898, 
1910). 

Wild yeast or torula growing in beer will 
usually pn*duce turbidity, and sometimes 
•unpleasant flavour and smell. This, howe^r, 
is by no means always the case, and if bacteria 
do not obtain access to the beer, when the yeast 
growth is completed, it settles out and leaves 
the beer bright with an altered, but possibly 
improved, flavour. 

An unpleasant bitter flavour is produced 
by the culture yeast if the greater portion be 
not promptly removed at the termination of the 
primary fermentation. This is due to the cell 
contents passing into .ftp beer. 

If beer be infected with bacteria and wild 
yeasts, it does not always happen that these 
organisms grow and spoil the beer. Much work 
has been dory* to determine the conditions 
which influence ttas. 1J. T. Brown (J. Inst. 
Brewing, 1916, 344), in a review of our present 
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knowledge, concludes that the composition of i 
the beer has no influence on its liability to wild j 
yeast growth ; but that allowing for the hacteri-1 
cidal mfluence of hops, there is sojne relation 
between the total nitrogen content aikfc its 
liability to bacterial disease. It is disappointing 
that the large amour^ of accumulated knowledge 
has not been of more assistance to the brewer 
in avoiding these troubles. We are led back 
to tho work of Pasteur and his followers, to the 
re-eminent importance of mycology to the 
rewer. 

Beer turbidity is often caused by tho so- 
called gluten bodies referred to above, separating 
out in such a minute form as not to settle. 
This is often the case with pasteurised beer. 
Wallerstein (U.S. Pat. 995820) suggests the 
addition of a proteolytic enzyme to degrade 
these bodies, and this has been found efficacious 
m some cases. This form of turbidity is closely 
connected with the chemistry of the colloids of 
beer. These bodies play an important part in 
the production of flavour ^nd foam retention. 
They may be poisonous to yeast and also»affect 
the stability of beer towards bacteria. Little 
is known of their properties, but a statement of 
the present stage of our knowledge will be found 
in the Report on Colloid Chemistry,'Brit. Assoc. 
1917. A. L. S. 

. BRIDELIA BARK or ASDUANA. The bark 
of Bridelia mentana is a useful Indian astringent 
(Dvmock, Pharm. J. [3] 7, 309). 

BRILLIANT ARCHIL, -AZURINE, -BLACKS 

V. AZO- COLOURING MATTERS. 

BRILLIANT CONGO, -CROCElN, -DOUBLE 
SCARLET, -GERANINE v. Azo- colouring 

MATTERS. 

BRILLIANT COJTON BLUE r. Triphenyl- 

METHANE COLOURING MATTERS. 

BRILLIANT GREEN v. TriAenylmethani 

COLOURING MATTERS. 

BRILLIANT ORANGE, -PONCEAU, -PUR- 
PURINE, -SCARLET r. AZO - COLOURING 
MATTERS. • 

BRILLIANT YELLOW v. Azo- colouring 

MATTERS. 

BRIMSTONE v. Sulphur. 

BRINDONIA INDICA t* Garcinia ijtdica. 

BRIQUETTES v. Fuel ; also Pitch. 

BRITANNIA METAL. Is an alloy of vari¬ 
able composition, usually containing only tin 
and antimony, although brass and bismuth are 
sometimes added. 

An alloy consisting of 9 parts of tin and i 
part ot antimony is attacked sliglPbly by solu- 
ti&is of common salt, potassium, ammonium,* 
and magnesium chlorides, potassium sulphate, 
potassium nitrate, and sodium carbonate. 
Caustic soda has a more marked action (Dingl. 
poly. J. 221,259). 

This alloy is used in the manufacture of 
teapots, spoons, and dish-oovers. 

Artioles made from it may be coloured by 
heating them for J5 to 30 minutes in a bath 
made by mixing 2 lbs. of water, I.} oz. oL cream 
of tartar, $ oz. of tartai^knetic, 2 oz. ofhydro¬ 
chloric acid, i lb. of pulverised zinc, and 1 oz. of 
wdered antimony. This gives them a brilliant 

lt By heating in a bath comjfcsed of 1 part 
tartar emetic, I part«cream of tytar, 3-4 of 
hydrochlorio acid, and 3-4 of ground antimony, 
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the folloVing tints may be obtained : golden, 
copper-red, violet, and blue-grey. ^ 

» A metallic ring can be giv^n to artioles n»de 
of Britannia metal by heating them ill an oil- 
bath to 220° and then cautiously* raising 
the temperature to below 3° above the fusing 
point «f the alloy. Small articles must be kept 
at this temperature for from 15 to 30 minutes, 
large articles for one hour; the bath is then 
allowed to cool. The rapidity of the cooling 
| seems to have no appreciable effect (D. Ind. Ztg. 
1807, 507) (?;. Antimony). 

BRITISH GUM v. Dextrin. 

BROCHANTiTE. A hydrated basic copper 
sulphate, CuS() 4 -3Cu(OH) 8 , forming bright-green 
orthorhombic crystals, found in Cornwall, Urals, 
&e. 11 is largely present in some of the Chilean 

copper .ores, L. J. S. 

BROGGERITE. A crystallised variety of 
the mineral pitchblende [q.v, ) or uraninite^found 
as small, isolated octahedra and cubo-octahedra 
in tho felspar quarriea*near Moss in Norway. It 
contains about 80 p.c. uranium#oxide, together 
with thorium, lead, &c. Oleieite is a very 
similar, or identical, mlfleral found in the felspar 
quarries near Arendal in Norway. L. J. S. 

BROMAL. Tribwmacetaldehyde CBr s CIIO. 
Prepared by passing bromine into a solution of 
paraldehyde in ethylacetate (Pinner, Annalen, 
179, 68), or by passing bromine into absolute 
alcohol, fractionally distilling the product, and 
treating tho fraction boiling at 1C5°-180® with 
water. Tho bromalhydrate thus-, formed is 
decomposed on distillation into bromal and 
water (Schaffer, Bor. 1871,366 ; Lo wig, Annalen, 

3, 288). Bromal is an oily liquid boiling at 
174° (760 mm.); sp.gr. 3-34. Alkalis decompose 
it on boating into bromoform and a formate. 

Bromalhydrate CBr s CH(OH) i . Crystallises 
from water in colourless monoclmic prisms con- 
tabling one molecule of water of crystallisation, 
m.p. 63*5®. It is less soluble than choralhydratl 
(Pope, Chem. Soc. Trans. 1899, 400). 

Bromal alcoholates. Br<*nalethylalcoholate 
is a crystalline solid, m.p. 44°; readily soluble 
in alcohol, sparingly soluble in water (Schaffer, 
l.c.). fitard (Compt. rend. V14, 753) has de¬ 
scribed the action o^ bromine on various alcohols 
with the formation of different bromal alcoho¬ 
lates. 

Th£ following condensation products of 
bromal have been prepared : Bromalammonia 
(Schiff and Tassinari, Ber. 1877, 1786); com¬ 
pound with hexamethylenetriamine (Lederer, 
Eng. Pat. 17693 ; J. Soc. Chem. Ind. 1897, 
1039); compounds with formaldehyde (Pinner, 
Ber. 1900, 1432); bromaldiacelaie (Grabutti, - 
Gazz. chim. ital. 1900, 30, ii. 191); bromal- 
glycohtr. (Gabutti, Chem. Soc. Abst. 1902, i. 
261); and bromalchloralcarbamide (Kallq, and 
Co., (’hem. Soc. Abstr. 1902, i. 429). 

BROMALBIN. A bromine derivative of 
protoin. 

BROMALIN. Trade name for a combina¬ 
tion of hexamethylenetetramine .vith ethyl- 
bromide used in the treatment of neurasthenia 
■and epilepsy (v . Synthetic Drugs. s $ o 

BROMBENZENE v. Phenyl. * 

a-BROMCARMINE and jS-BROMCARMINE 

v. Cochineal. ° 

BROMEIGON. Trade name for an albumin 
preparation containing bromine. 
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BROMELIA. Trade name for 3-naphthyl- i 
etfyyl ether. i 

ROME TONE. Trade name for tribromo i 
<erf-butyl alcohol-CBr g -C(CH s )g'OH. Us^d as a 
sedative and aneesthetic in sea-siokness, vomit¬ 
ing, chorea, &c. 

1 BROMINE. Sym. Br. At. wt. 79-9?. An 
element belonging to the class of the halogens, 
and the only element, other than mercury, which 
is liquid at ordinary temperature and pressure ; 
discovered by BaWd m 1820. Name from 
fSpufjios, a stench. Never found free; chiefly in 
combination with alkalis and alkaline earths. 
As AgBr, brom- argyrite or bromite, also as 
embolite in isomorphous mixtures with AgCl in 
Mexico, Chile, Honduras, in some Silesian zinc 
ores, and in Chile saltpetre. In sea water, in 
many marine plants and animals, and in many 
saline springs. Bromine, as bromindigo, has 
been fjqund to bo secreted by certain species of 
Murex , and is an essential constituent of the 
Tyrian purple of the anoitnts. Traces of it arc 
occasionally to t \»e met with in coal, and hence 
in gas liquors. 

Bromine is contained in sea water in the 
ratio of 0 3 gram Br to 100 grams Cl. Water 
from the Bead Sea contain^ 3 grams of Br to 
100 grams CJ. $ome marine brines analysed 
by Hicks gave the following results in grams 


per litre:— 

Sp. gr. 

Total 

solids 

Cl. 

Br. 

1-141 

1700 

124-6 

1-3 

1-194' 

2401 

176-9 

1-7 

i -m 

2204 

171-8 

1-6 

1-221 

20-42 

202-9 

2-2 

1-143 

18-40 

128-7 

0-6 

1-168 

2110 

154-1 

0-7 

1-171 

22-40 

159-3 

0-3 

W02 

25-60 

189-2 

0-7 

1-228 

26-98 

205-8 

1-7 

< J-0S2 

8 "3 8 

50-0 

0-3 

1-066 

Js-82 

58-5 

0-4 

1-075 

9-99 

65-7 

0-5 

1-069 

9-27 

61-5 

0-3 

1057 

7-49 

50-5 

0-4 


At ordinary temperatures bromine is a dark 
brown-red liquid of most irritating smell, very 
volatile; vapour yellowish ved, and becoming 
less transparent when heated. 

It boils at 03° and solidifies at —72° to a 
brown-red crystalline mass of semi-metallic 
lustre and conchoidal fracture. The solidifying 
point is considerably depressed by chlorine. 
The specific gravity of liquid bromine is 
3'18828, 0°/4° (Thorpe); if free from chlorine 
3*10227, 25°/4° (Andrews and Carlton). Co¬ 
efficient of expansion 0-0011 between 25° and 
30°. Specific heat of solid 0-08432 H cal., 
of Ji<^uid 0-1071 cal, of gaseous bromine (r0555 
cal. 

Lament heat of evaporation at b.p. 45*6 
cal., critical temperature 302-2°. Vapour 
pressure:— 


“C. 

nun. Hg 

“ 0 . 

mm. Hg 

-800 

0-13 

1-8 

67*3 

~5*-9 

0-79 

40 

77-3 

— 41-3 

2-89 

4-95 

82 

-»-4 • 

16-7 

5-95 

86-5 

-1005 

« 350 

7-90 

95 

- 7-1 

44-5 

9-96 

104 

% 0-13 

■02 ' 

12-55 

119 


°c. 

mm. Hg 

•c. 

mm. Hg 

16-40 

139 

34-7 

314 

.18-15 

20-6 

152-5 

■■■%• 39-6 

378 

172 

45-6 

478 

r 22t6S 

190 

■ 49-8 

553 

2505 

212 

54-7 

658 

29-8 

259 

, 59-5 

768 

Solubility of bromine in water (Winkler):— 

1 part Br Is 

100 parts H a O 
dissolve 

100 parts Br 

dissolved In 

water oontalu 

Temp. parts H-0 

parts Br 

parts Br 

ooo 

24 

4-167 

400 

10-34 

26-74 

3-740 

3-62 

19-96 

27-94 

3-578 

3-46 

3017 

29-10 

3-437 

3-33 

40 03 

29-02 

3-440 

3-34 

49-85 

28-39 

3-552 

3-41 


The solubility of bromine in water is in¬ 
fluenced by the presence of chlorine. 

If 1 litre contains 


5 10 15 

20 grams Cl 

it dissolves 


40 56 “ 55 

54 grams Br 

respectively. Solubility 

1 mol. :— 

in the presence of 

Na a S() 4 24 

NH 4 C1 82*2 

(Ntf 4 ) 2 S0 4 77-7 

NH 4 C a H 3 O a 340-5 

NaCl 55-9 

grams Br per litre. 

KBr 88-5 

The specific gravity of bromine water con- 

taining 


Parts Br per litre 

Sp. gr. 

10-72 

1-00901 

11-68 

1-00931 

12-JI5 

1-00995 

12-31 

1-01223 

19 

1-01491 

20 

1-01807 

31-09 

1-02367 

The vapour pressure of bromine water with 
liquid bromine as bottom body 

Temperature 

0 0 ° 0. 

mm. Hg 

68 

2-0 

7# 

3-0 

80 

3-95 - 

83 

4-95 

88 

5-95 

92 

6-2 

93 

, 6-95 

90 

7-95 

101 

10 0 

110 

K-5 

124 

* 15-9 

140 *• 


Bromine water when cooled deposits bromine^ 
hydrate in hyacinth-red octahedral crystals. 
Girau (Conipt. rend. 1914, 159, 246) proposed, 
in the place of the composition Br a ,10H t O 
usually given (Lowig), Br t ,8HgO on the strength 
of thermo-chemical and analytical data. 

The ^solubility of water in bromine is uncer¬ 
tain; according to Wildermftnn 100 mol Br 
dissolve 0 4 moL H t O, Of technical importance 
is the solubility of bfomine in the final mother 
liquors of bromine manufacture: 

At 2 10 20 30 40 50 55* 

64-4 64-0 63-6 63*2 60-8 60*0 58*4. 

grams Br are soluble in ljitre. 

Bromine 1 is very soluble m alcohol, ether, 
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carbon disulphide,* chloroform, carbon tefcra- 
londe, hydrogen chloride, arsenic ohloride, 
Buipnuryl chloride, sulphur dioxide. Sulphuric 
acid dissolves traces only. It is miqcible with 
liquid chlorine and appreciably soluble! in #wn- 
pressed gases, particularly oxygen, which at 
rfuu atm. holds 0 tim<^ the quantity with which 
it is saturated at ordinary atmospheric pressure. 

Bromine is opaque to X-rays; the degree 
of opacity of bromine compounds is in 
direct proportion to their percentage of Br. 
Bronune acts violently on hydrogen, sulphur, 
phosphorus, arsenic, antimony, tin, aluminium, 
the heavy metals, and potassium; but it does 
not react with sodium or magnosium even on 
heating to 200°. It combines with unsaturated 
organio compounds and acts as a bleacher and 
disinfectant. Its vapour acts on the mucous 
membrane and occasions great irritation, and 
has been used, therefore, in gas warfare. 

Extraction and Manufacture. — Bromine 
occurs in nature principally, and so far as its 


industrial preparation is concerned, exclusively 
in the shape of bromides, accompanying in small 
quantities the chlorides of sodium, calcium, *id 
magnesium. Its quantity is never large enough 
to admit of its being prepared directly from the 
raw material, but where the latter.is 'in the fint 
instance worked for sodium chloride and other 
salts, the bromide accumulates in the mother 
liquors, and can be recovered froiti these. Thus 
Balard, discovered bromine in tfho mother 
liquors obtained on making common salt from 
sea-water, and for many yoars it was prepared 
from the mother liquors of the saltworks at 
Kreuznaeh, Schoaebeok, Neusalzwerk, and other 
places in Germany. It was also found in 1846, 
by Alter, in similar mother liquors in America, 
especially in those at Natrona and Tarentum, 
later on at Pittsburg, Syracuse. Pomeroy (Ohio), 
and in the Kanawha region in West Virginia 
(Mason City, Parkersville, &c.). * 

Manufacture was first begun in 1846 at 
Freeport, Pa. U.S. Pat. 12077 for the extrac¬ 



tion of bromine from brine was taken out in I 
1854 by Amalie Stieren of Natrona, Pa. The 
American bromine industry is at presqpt carried 
On at Saginaw, St. Charles, Bay City, Midland, 
and Mount Pleasant, Michigan; at Pomeroy, 
Ohio; Mason, Hertford, and Mafclen, West 
Viifinia; in all these localises, except Malden, 
in connection with the salt industry. 

Until about 1860 the little bromine that was 
made was nearly all used for scientific purposes. 
Then, however, medicine and photography began 
to demand a greater supply of bromides, and 
later on the manufacture of coal-tar dyes raised 
an even more extended demand for bromine. It 
now became remunerative to recover it* in the 
working up of kelp ior iodine, but tliis yielded 
only little and impure hjtfmine, and weft not 
long continued. An idea was conceived of 
recovering it from th£ water of the Dead Sea, 
but the project, hardly practicable in itself, was 
abandoned when Frank had shown,that an ample 
supply of bromine oould be obtained from the 
m otber liquors of the Stassfurt potefth industry 
Vol. l-T. 


{r. Potassium chloride). He commenced his 
practical operations in 1865, when he manu¬ 
factured about 750 kgs. of bromine ; in 1867 the 
output had already increased to 7£ tons, and in 
1885 the Stassfurt .production of bromine was 
estimated at 260 tons per annum, the price 
• having gone down from 50 or 60 (sometimes as 
much as 90) marks per kilogram to 0'70 mark. 
This lowering of the price was principally due 
to the^act that since 1868 America had come into 
the market with bromine made from the above*, 
named saltworks; their liquors contained It in 
such quantity that they were able to sell^nuch 
below Stassfurt prices. 

The world’s production before the war was 
practically controlled by the ‘ Associated 
American Producers,’ ana the ‘ German Bro¬ 
mine Convention,’ in Stassfurt Leopoldsfcall. i 

The rise in price caused by the war gave a 
new incentive to the American bromine industry, 
However many of the new pjoduoera, after 
making considerable profits, have abandoned 

manufacture, and the industry in the vicinity ol 

* 
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Saginaw, Mich., for instance, is now in the hands 
<?f a few firms who buy the mother liquors from 
thp other salt producers. 

Chemical firoccsscft .—The raw ^material 
worked at Rtassfurt, crude camallite (v. Po¬ 
tassium chloride), contains bromine to the 
extent of from 0'16 to 0-26 p.c. in the ohape of 
brom-carmllite MgBr 2 -KBr,6H £ 0, isomorphous 
with camallite. In the manufacture of po¬ 
tassium Chloride, the magnesium bromide 
accumulates together with magnesium chloride 
in the mother liquors, which contain usually 
about 14 grams KOI, 50 grams Mg.S0 4 , 348 grams 
MgClj, 12 grams NaCI, 2-4 5 grams Br per 
htre, and have sp.gr. 131. As it is impossible 
to separate the magnesium bromide by fractional 
crystallisation, the bromine is always extracted 



chemically, being re¬ 
placed by a current of 
chlorine, according to 
the equation : 

MgBr a 1 OJ 2 

— Mid ’J a f Br 2 


the liquors by means of 
I'ydrochloric acid and 
manganese ore, or it is 

l 

'f 



mixture of bromine, chlorine, and water vapour 
passed through the let^y>ipe h and the stone¬ 
ware condensing coil o mto the glass bottle P. 
holding about 8 litres. The distillation was 
caii^ed on until the pale colour of the vapours 
in the glass adapter n showed that no more 
bromine was coming o*7er. The condensate 
separated into a lower layer of bromine and an 
upper layer of bromine and ohlorine water 
which could be siphoned off through o into 
vessel e, and was added to a subsequent charge. 
Uncondensed vapours passed into vessel r filled 
with iron turnings and water, and fitted with a 
collar, p, to allow for frothing, with a run-off 
into jar a. Each operation, lasting an hour to 
an hour and a half, was terminated by knocking 
out plug l, and running off the liquor through the 
covered culvert m connected to the factory 
chimney. 

The efficiency of this process was very smhll, 
each operation yielding 2 to 2 5 kg?, bromine, the 
average yield amounting to not more than 0-1 
I p c. of the mother liquor. The intermittent 
metuod entaih-d several drawbacks—loss of 
The chlorine is j an j material, besides the contamination of the 
either generated within j a kmospkero. These disadvantages gave rise to 
various continuous processes, the first of which 
was patented by Frank in 1878. 

He employed a serjes of decomposing vessels 
at different levels, allowing the healed liquor 
to run from the highest into the next lower one, 
*nd so on, passing at the same time chlorine gas 
genoratod outside 
m and steam into the 
lowest vessel, and 
in counter-current 
to the higher ones. 
He thus obtained 
a steady stream 
of bromine on the 
one hand, and a 
solution of mag¬ 
nesium chloride 
practically freed 
from bromine and 
uncontarainated 
with manganese 
salts, on the other. 
After a time, chlo¬ 
rine was 





prepared outside and passed [into the Solutions, 
cheap compressed chlorine in steel cylinders 
being nowadays available for that purpose. 

In the early days of thn bromine industry, 


into the second lowest vessel, and steam only 
into the Jpwesfc, to free its contents from chlorine 
before running off. However, the high pressure 
required to force the chlorine gas through 


the extraction "was always done by intermittent j several successive layers of the liquor presented 
working. One of the first apparatus employed! great difficulties ip the design and working of 
was devised by Frank, and is shown in Fig. 1. this plant. These were overcome by the applica- 
It consisted of a square vessel or still, a, made of, tion of the scrubber principle in the 


sandstone or slate properly jointed together, of 
,qbout 3 cubic metres capacity, which was 
changed with a definite quantity of mother liquor I 
prevfbusly heated to 60 ® in tank b by steam coil! 
i; about 200 kgs. of manganese ore, sufficient for 
several operations, were spread on the false 
bottom a. After closing the man-hole /, the 
required quantity of sulphurio acid of sp.gr. 1*7 
c was njp in through pipe g, which was subse¬ 
quently stopped up with olay, and live Bteam 
was p^sed into the liquor through pipe k. The 
chlorine evolved on boiling actea upon the mag¬ 
nesium bromide present and liberated bromine. 
J!hin oame over pure at first, but above 76° a 


patented in 1882 bv the Leopoldshall Chemical 
Works (D. R. P. 19*780), and shown in Fig. 2. 

The heated mother liquor flows through the 
water-sealed pipe a into column A constructed, of 
stoneware or acid-resisting stone, where it is 
evenly 1 distributed by pipe b. The column is 
*Uted with stoneware balls, c, c resting on a 
gratiilg which effect a good contact of the 
liquor with the chlorine gas ascending through 
pipez. This pipe is wide" enough to serve also as 
outlet for the liquor which runs into the steaming 
vessel b, prorided with a number of superim¬ 
posed flagstone shelve^ compelling the liquor 
to flow in* a zigzag course, and finally tauec 
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through pipe ». Steaiji is foroed into this 
vessel by mearfs of a^tone pipe g and is distri¬ 
buted through perfOTfttions m its base. The 
contents of b, which is always fuB^are kept 
boiling, and the steam rises principally through 
holes in the flagstones, thereby freeing the 
liquor from chlorine find bromine. The vapours 
meet the current of fresh chlorine arriving 
through pipe l (shown in dotted lines), which is 
conveyed through pipe z into the tower a, 
decomposing the magnesium bromide. The 
bromine is taken off on top, and passed by pipe o 
through the stoneware condenser p into the 
receiver q. The uncondensed vapours are led 
through x, into receptacle n, and arrested in the 
smaller scrubber d suspended by rod t, and fitted 
with iron borings, kept moist by a stream of 
water from tube/. The iron bromide collected in 
n is siphoned off through v into jar w. The regu¬ 
larity of the current of chlorine arriving from m is 
W controlled by the amount of water 
condensing in tho bond of the glass 
tubo h. If too much watqj has 
accumulated, it is blown through 
the rubber tubo u into the chlorine 
By filling the bend of h 
with water, the current of 
gas may be interrupted. 
• Of late years 
chlorine elect-ro¬ 
ly tically prepared 
and compressed 
in steel cylinders 
has been used, 
whereby the re¬ 
gularity of the 
current is under 
complete control. 
The ap¬ 
paratus pa- 


Fig. 3. 


tented by Wunsche-Sauerfcrey (Fig. 3) is based 
on the same principle as the foregoing. It is, 
however, technically more perfect and conse¬ 
quently much superior in efficiency. 

It consists of a decomposing ^ssel a, a 
steaming vessel b, a condenser c, and an auxiliary 
condenser d. The four units are built up of 
cast-iron elements of hexagonal A'oss-section, 
liriW with stoneware platqp and filled with a* 
very large number, several thousands, of 
specially designed contaot bodies (D. R. P. 
158715) which rest on gratings of the same 
material. The four units are so arranged in 
height that a perfect counter-current is obtained, 
and in both tne decomposer and condenser two 
centre gratings are provided, in order to keep 
a free spaoe. The ohlorine is passed ^nto the 
decomposer at b, the liquor entering through a 
at a temperature of 65° »«#fter treatment^ this 
unit it runs into the seaming vessel through pipe 
f, where it is freed from cnlorine and bromine 
vapours by means of live steam entering at d, 
the vapours passing into the free spaoe of the 
decomposer. The brofnineeleaves the decom¬ 
poser at a temperature of about W and under¬ 



goes preliminary cooling in the auxiliary c<m- 
denser D„but is completely condensed in-the 
principal condenser by a ffcream of water, 
passing subsequently a bromine and water 
separator. 

The features of this apparatus are the com¬ 
plete recovery of bromine and the thorough 
utilisation of steam. Although of moderate 
dimensions, the apparatus is capable, on account 
of tJft number and arrangement of contact 
bodies, to recover 250-270 kgs. bromine from 
150 cub. m. liquor in 24 hours. It requires 0 0 kg. 
chlorine for evervkg. of bromine made, and only 
3 to 6 kgs. bromine are necessary in tho form of 
iron bromide for the subsequent removal of 
chlorine from 100 kg*, crude bromine. The cost 
of production of 1 kg. bromine is 0-45 to 0-50 
mark. • 

Whilst the value of Wiinsche’s apparatus 
depends on the most favourable distribution and 
utilisation of gas an^ liquor, Kubierschky has 
designed a plant (Gor. Pat. 194567) in which the 
counter-current proper is divided into a number 
of systematically arranged parallel currents, 
recognising the fact that bromine vapour will 
be heavier the purer it becomes. As the ratio 
of the density of witter to that of bromine is 
18: ICO, a simple upward currdbt cannot possibly 
yield the best separation, as under currents will 
alwavs be set up. 

The apparatus consists of a single tower 
oolumn, shown in Fig. 4. 

It is lined with stoneware and'divided into 
superimposed compartments, the division plates 
being liquor-sealed and allowing liquid to pass, 
but not gas. The compartments are pro¬ 
vided with perforated plates pp or other contact 
bodies. Communication between the compart¬ 
ments is established by tubes rr so arranged 
that the vapour alwa\ s enters from the 'lower 
compartment into the upper part of the ne^t 
higher one, then descends o^r the plates along 
with the liquid, and enters the vapour pipe near 
the bottom, passing through this pipe again to 
the top of the next compartment, and so forth. 
The previously heatea 
mother liquor enters at 
the top of the column, 
runs down in a direct 
course and is met by 
chloriib introduced in the 
lower part. Steam is 
passed into the bottom 
compartment, and follows 
the course described. 

The bromine, not sub¬ 
jected to under currents, 
issues at a from the 
column and is condensed 
in an earthemware coil. 

Although of extreme 
simplicity, this apparatus 
is much superior to all 
the others, especially in 
regard to yield, this 
amounting to from f)0 to 
95 p.c. of the bromine present in the crudl liquor*. * 

The mother liquors, obtained by spontaneous, 
evaporation of sea-water to sp.gr. 1*27# at the 
salt works of Salin de Giroud, South of Franoe, 
are used for the production of bromine. They 
are further concentrated to specifics gravity gf 
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3 *308 and allowed to crystallise during the 
winter. After removing the magnesium sul¬ 
phate, bromine f is extracted in the" follfiwing 
spring by pumpmg the liquors into voxels of 
20 cub. m. each, from which they descend in a 
regulated stream into stone rectifying columns 
through which a current of chlorinef from 
cylinders, and a current of steam ascends. The 
bromine, after passing through an inclined 
U-tube aiid'u condensing coil, is separated from 
the water by gravity, the bromine-water being 
returned to the column. The crude bromine is 
rectified by passing steam through it, which 
carries away the chlorine and part of tho bromine. 
Three units are employed, each of which deals 
with 50 to 60'cub. m. of mother liquor in 24 
hours, and yields about 160 kilos of bromine 
Forty-four c tons of bromine containing only 
about 1 p.c. of chlorine are thus obtained 
annurlly from 15,000 cub. m. of mother liquor. 
Tho liquors, after the extraction of bromine, are 
worked up for potassium' chloride. * 

In Ameriearthe manufacture is carried on in 
the majority of works in Ohio, West Virginia, and 
Michigan, by the intermittent procoss. The 
bittern from the main grainers of the salt works 
is further concentrated to <? sp.gr. of about 1 "38 
(hot), and then .passed to the bromine stills. 
Most a* these are made from sandstone quarried 
at Buona Vista, near Portsmouth, Ohio, where 
the sandstone is practically free from iron oxide 
and is of close texture. The shape and con¬ 
struction differ in the various plants, and their 
working capacity ranges from 400 to 1200 gallons 
of liquid. Sodium chlorate and sulphuric acid 
of sp.gr. 1*84 are used in liberating the bromine 
from the bittern. Tho use of manganese 
dioxide and potassium chlorate has been dis¬ 
continue^. Steam is passed into the solution 
and, as the temperature rises, a reaction takes 
place approximately represented by the following 
Equation:— « 

SMgBr* -f 3H 8 S0 4 +NaC10 8 

=6Br+NftGH- 3MgS0 4 +3H 2 0 

The bromine set free passes from the still 
together with any exoess of chlorine which is 
liberated. The bromine vapour is freed from 
chlorine after passing through washers filled with 
milk cflime forming calcium chloride and calcium 
liypochlorite. Some bromine is taken upiby the 
lime, but is recovered later. The bulk of the 
bromine vapour is condensed in three lead coils 
arranged in series, each of which discharges the 
condensate into glass bottles, whilst any bromine 
passing the last bottle is caught in towers 6 feet 
bo 8 feet high and 2 feet to 2 feet C inches wide, 
made of sewer pipe and filled with coke. The 
bromine caught beyond tho first bottle is i^ually 
father dilute and may be returned to the still. 
The' lead pipes have lately been replaced by 
utonensaro coils in several works. About 
15 lbs. of bromine are obtained from 700 gallons 
)f bittern. 

The ^drawbacks of tho intermittent process 
kave led to the introduction of continuous 
rrooeasdl, The Dow Chemical Company of 
Midland, Mich.,' has patented a number of 
modifications of these. 

The oblorin# used may be produced ohemi- 
cally or eleotrolytically within the reacting mass, 
a introduced from outride. In the place of 


steam for the removal of free bromine a current 
of air is used. 3 he bromine is abstracted from 
the bromine-laden air ly ohemical re-agenta 
such as iron turnings, lime, sodium bicarbonate, 
anch Others. These are worked up for pure 
bromine or bromine salts by subsidiary processes ; 
for instance, the ferric bromide solution may be 
converted into solid ferrous bromide by treat¬ 
ment with further iron. 

Electrolytic Processes .—Of recent years, 
offorts have been mado to effect the separation of 
bromine from the magnesium-bromide liquors 
by means of electrolysis. A number of pro¬ 
cesses have been devised by Wiinpche, Hopfner, 
Nahnscn, Pemsel, Rinck, Dow, and Kossuth, 
but although in some cases plants have been 
working with more or less success, their 
introduction has not become goneral. All 
but tho last-named process employ dia¬ 
phragms, to avoid secondary reactions. 
Kossuth works without this, and achieves a 
great simplicity of plant and working, but at the 
expense of current required. The yield of 
electee energy is 40-50 p.c.' in his case, and 
not more than about 70 p.c. in any other method. 
This low yield is largely due to the extremely 
small percentage of bromine in the liquors and 
the consequently largo bulk to be dealt with, and 
to the formation of bromates and chlorates. 
The formation of solid magnesia is another 
drawback. 

In nearly all the electrolytic methods pro¬ 
posed, the bromine remains 'dissolved in the 
solution and must be recovered by the processes 
de cribcd above. 

Purification of Bromine .—Crude bromino, as 
obtained by most of the processes described, 
contains very small quantities of iodine, cyano¬ 
gen, bromoform and carbon tetrabromido. load 
bromide, ard to a principal impurity from 1 to 
4 p c. of chlorine aB chloride of bromine. The 
oldest method of purification consisted in agitat¬ 
ing the crude bromine with a solution of potas¬ 
sium or ferrous bremide. On aocount of the 
frequent breakages of the glasB vessels employed, 
this method was replaced by that of redia- 
tillation. In some places glass retorts were 
used for this purpos^, containing.about 15 kgs. 
and heated in sand-baths. Only 3 or 4 charges 
could be worked in one vessel, and fracture of 
the retorts was a not unfrequent occurrence. 
In Stassfurt sandstones stills were and are still 
employed. Those were square troughs with a 
stone cover, holding about 1 cubio metre. The 
^distillation *is carried out in the presence, of 
ferrous or calcium bromide, these liquors being, 
when used up, added to the original mother 
li quors. Of late years advantage has been taken 
of the improved produots of the stoneware 
industry, and stills of this material are largely 
used. To avoid the occasional cracking of these 
stills, Mitreiter employs vessels of boiler plate- 
lined w^h a bromine-resisting material. 

The still is charged with 200 litres ferrous 
bromide solution of 13° to and about 

600 litres crude broflvine. The temperature Is 
gently raised by direct st§am up to the bbilirtg- 
point. Double decomposition ensues between 
chlorine an£ ferrous bromide, and brotaise 
distils over aad is condensed in a stoneware 
coil, separated from w%ter and then contains 
only from u*05 to 0*10 p.c. chlorine, • 



BROMINE. 


* 

698 


Pure bromine may be made, according to 
Barstow, without the aid of steam or heat, by 
adding sulphuric acid : to a mixture of 6 pdrts of 
bromide to 1 part of bromate in a cement-lined 
tub cooled by a lead coil, but kept fbo*e»the 
crystallising point of the sodium sulphate formed. 
The free bromine rformed according to the 
equation:— 

5NaBr-f NaBr0 8 4-3H a S0 4 

< =3Na a S0 4 -f-6Br-j-3H|0 

can be drawn off from the bottom of the con¬ 
denser, the yield being 95 p.c. of liquid bromine, 


whilst the remainder 
blown out fiom the 
solution with a current 
of air and recovered 
with alkali. 

In another process, 
patented by Barstow 
(Fig. 5), a strong iron 
bromide solution is fed 
from tank 2 into the 
top of a tailings tower, 

1, passes through a con¬ 
densing ooil, 3, thence 
through a re-action 
column, 4, in which it 
meets a rising stream of 
chlorine gas supplied *| 
from 5. The mixture of 
iron chloride and liquid 
bromine flows ^down¬ 
ward through the re¬ 
action oolumn, and from 
it through a cooling 
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woriif, 7, to a con¬ 
tainer, 8, where it is 
separated by gravity. 
Any vapour formed by the 
heat produced in the re¬ 
action column, or carried 
away by air, which may 
be contained in the chlo¬ 
rine gas, is re-condensed hi 3 or scrubbed out 
in tower 1. Any chlorine contained in the 
crude bromine is removed by agitation with an 
iron bromide solution, and the bromine retained 
by the iron chloride solution may be^ilown out 
with air and re-absorbed with a solution of 
ferrous bromide. No steam is used in the pro¬ 
cess, and the iron chloride can be pfciduced as a 
commercial solution of sp.gf. 1-32. • 

Recent processes attempt the purification by 
rectifying without the aid of chemical agents. 
Kubierschky (Ger. Pat. 174848) employs in con¬ 
nection with his separating apparatus a refining 
tower; the crude bromine flows downwards 
into a vessel charged with bromine and kept at 
boiling temperature. The chlorine rises in the 
tower, and * the boiling bromine, freld • from 
chlprine, is continually siphoned off and cooled. 

The German Solvay \5i*ks (Ger. Pat. 105448) 
have found that in raising the temperature of 
crude bromine very Biowly and keeping it just 
under its boiling-point, it is possible to free it 
entirely from its ohlorine, The time factor is of 
great importance for t^p successful carrying out 
of thefc process. * 


On heating a charge to 59° for 36 to 40 hours, 
it is possible to remove practically all the chlorine 
with not ffiuch more bromine^than oorrespends 
to the Composition of bromide*of chlorine. 

Bromine is sold in strong, white, stoppered 
bottles, holding 1 litre, and containing 2$ or 3 
kilos. *The glass stoppers must be well ground ; 
they are secured by pouring some shellac on to 
the joint, covering them with day putty, and 
tying wet parchment paper over all.* From four 
to twelve such bottles are placed in a wooden 
box, the spaces between being tightly filled with 
kieselguhr or brown-coal ashes, depending upon 
whether the bremine is exported or sold for 
inland consumption. 

The principal applications of bromine, 
whether in the free state or in the shape of 
bromides, are in photography, in ipedicine, in 
the manufacture of coal-tar dyes (especially 
eosine), and in scientific and analytical chemistry; 
in the latter it has to a great extent taken the 
place of chlorine, otfing to the greater con¬ 
venience of its manipulation. A similar substi¬ 
tution has been proposed for many technical 
purposes. It is used ffi the extraction of gold 
and the refining of platinum, and in connection 
I with the manufacture of Prussian blue and 
potassium permanganate. It* is also a disin¬ 
fectant, and has found some application for 
this purpose, especially in the shape of bromum 
sohdificatum ip&tentod by Frank (Ger. Pat. 21644). 
This is kieselguhr made plastic by means of 
molasses, Ac., pressed into sticks of and J-inch 
diameter, dried, burned to the extent that the 
sticks acquire a sufficient degree of hardness 
without losing their porosity, and saturated 
with liquid bromine in wide-mouthed stoppered 

f lass bottles. After the excess of bromine has 
een poured off, the sticks remain behind, con¬ 
taining about 75 p.c. of the weight of bromine, 
and are sold m the same bottles.' This is a vei} 
convenient form of applying it, as a certain 
number of sticks represent a given weight, and 
no weighing out of liquid bromine is required. 

Bromide of iron is made at Stassfurt and in 
America, and servos principally as raw material 
for the manufacture of potassium and sodium 
bromide. It is a compouncf of the formula 
Fe a Br a , containing *56-70 p.c. bromine, up to 
0-5 chlorine, 18-19 p.c. iron, and 10-15 p.c. 
water end insoluble matter. The older method 
for its manufacture consists in passing bromine 
vapours free from chlorine over iron borings or 
turnings contained in a cast-iron or stoneware 
vessel, and kept moist by a stream of water. 
The solution obtained is passed through a filter 
cloth or sand filter to remove impurities, notably 
carbon, and evaporated in cast-iron pans, 
wherqjiy enough bromine is added to obtain the 
compound Fe fi Br a . The brown-red solution 
is concentrated to a pasty consistency and 
allowed to cool to a black crystalline mags. 

The Associated Chemical Works of Leopolds- 
hail have introduced a method whereby a 
charge of 1 ton of steel wire and turnings is 
treated in a closed Btone trough with a mixture 
of bromine vapour and steam in t&e rigty, 
proportion. The admission of bromine is so 
regulated that no bromine vapours ar% visible* 
through a sight-glass provided o# the outlet pipe 
which is connected to a little scrubber acting as a 
catch-box. As soon as brown vapours and the 
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BROMINE. 


falling of the temperature from 170° to ftK) 0 indi¬ 
cate a lessening of the activity of the iron, the 
operation is terminated and the solution run of. 
Being sufficiently concentrated, the solution 
obtained in the process may be run direct into 
the transport r barrels, where it is allowed to 
crystallise. t 

Bromine salt. In connection with the 
manufacture of.bromine a substance commonly 
called * bromine salt ’ is produced j whicl^ finds 
application in the extraction of gold ores. It is 
practically the mixture NaBr0 8 -f 2NaBr, and 
is made by saturating concentrated caustic soda,, 
solution with bromine. The solid salt obtained 
after draining off the mother liquor—which is 
evaporated—has the approximate composition 
lNaBr0 8 +5NaBr. To this sodium bromate, 
electrolytically prepared from bromide, is added, 
and the miiture finely ground and packed in 

HySrobromlc acid. HBr. Bromhydric acid ; 
Hydrogen bromide . A colourless pungent gas 
of irritating sm^ll; fumes strongly in the air. 
Condenses to a liquid at —73°. May be ob¬ 
tained synthetically by* passing bromine and 
hydrogen through a hot tube or over heated 
platinum. Best prepared by action of phos¬ 
phorus and bromide on water, 5Br-f P i 4H a O= 
HjPO^-j-SHBr; or by the action of a concen¬ 
trated Solution of H 8 P0 4 on KBr; or by drop¬ 
ping Br upon melted paraffin heated to 185°. 

Gas very soluble in water; weight of normal 
litre 3'6442 grams; solution when saturated 
forms a colourless, strongly acid liquid of 
sp.gr. T78, and contains 82 p.o. HBr by weight, 
corresponding to the formula HBr,H 1 0. If 
the concentrated acid bo heated at ordinary 
pressures, the gas is evolved until the amount 
of HBr in the solution sinks to 47-48 p.o., when 
the liqifM boils constantly at 126° under a 
* pressure of 760 mm. This proportion of HBr 
corresponds to HBr+5H a O, but the liquid is 
rot a true hydrate, since the composition is 
altered by varying the pressure; thus if the 
pressure be raised to T95 mm., the solution boils 
at 153° and contains 46 - 3 p.c. HBr. 

The sp.gr. at 15° and p.c. composition of 
aqueous solutions \>f hydrobromic acid, is given 
in the following table (Wright, Chem. News, 23, 
242) 


%!o 

HBr p.c. 

10*4 

Sp. gr. 
1-385 

40-8 

M90 

23*6 

1-475 

49-5 

1-248 

30-0 

1-515 

49 8 


For pharmaceutical purposes a dilute solu¬ 
tion of hybrobromie acid may be prepared by 
dissolving 84 J grains of potassium bromide in a 
fluid ounce of water and adding 9 grains of 
tartaric acid to the solution. After standing acid 
potassium tartrate crystallises out and the 
solution contains about 10 p.c. of hydrobromic 
acid, hydrobromic, acid has been used in the 
treatment of ear complaints. R. L. 

BRQMINOL ( hrominoleum ). Trade name for 
brominated sesam6 oil. 

# . BROMIPIN, BROMOPIN. A combination of 
iftominp-with sesam£ oil employed in medicine 
m (v. Synthetic Drugs). 

B SOMITE eg BROMYRITE. Native silver 
bromide, found in Mexioo and in Chile (v. 
Silver) 


o- BROMOACETOPHENONE v. Ketones. 

BROMOCHJNOL. Trade name for aoid 
dibronosalioylate of quinine. 

BROMQCOLL v. Synthetic Drugs. 

BBOMOFORM. Tribrommethane CHBr,. This 
substance is occasionally met with in the liquid 
left after the rectification okbromine, in which it 
occurs associated with chlorobromoform CHBr,Cl 
(Dyson, Chem. Soc. Trans. 43, 46) and carbon 
tetrabromide CBr 4 (Hamilton, ibid. 39, 48). 

Preparation.—it may be obtained by mixing 
100 o.c. soda lye, 200 o.c. acetone, and 20 c.o. 
bromine. When the reaction has oeaced, 10 o.c. 
acetone are added to remove the yellow colour 
of the hypobromite, the layer of bromoform 
which separates being tapped off and rectified. 
Yield 75 p.c. (Denig^s, J. Pharm. Chim. 24, 243). 
It may also be prepared by the simultaneous 
action of bromine and caustic potash on alcohol, 
of bromine and lime on acetone (Beniger, 
Amer. J. Pharin. 63, 80); of caloium hypo¬ 
chlorite and potassium bromide on acetone 
(Fromm, Pharm. Zeit. 39, 164), and by the 
actions of alkalis on bromal. It has been made 
electrolytically from p.otassiuin bromide and 
alcohol (Fabrik vom Schering, D. It. P. 29771); 
from potassium bromide and acetone (Coughlin, 
Amer. Chem. J. 27, 63 ; and Muller and Loebe, 
Zeit. Elektroohem. 10, 409), and from calcium 
bromide, alcohol, and water (Trechcinoki, Chem. 
Zentr. 1907, i. 13). 

Properties. —It is, when pure, a colourless 
liquid, solidifying at 2*5° and bailing with slight 
decomposition at 146° under 751 min. (Wolff 
and Schwabc, Annalen, 291, 241), at 151°/760 
mm. (Thorpe, Chem. Soc. Trans. 37, 1880, 
201. Sp.gr. 2^302, I5°/I5° (Perkin, Chem. 
Soc. Trans. 45, 533); 2-8119, 8-5°/8-5 0 (Thorpe, 
loc. cit.). It is decomposed by potash into 
potassium brofciide, hydrogen bromide, and 
carbon monoxide, and may be estimated by 
means of this decomposition (Desgrez, Coinpt. 
rend. 125, 780, and Annalen 23, 76; and 
Richaud, J. Pharm. Chim. 1899, 232). Under 
the influence of li$it and air it decomposes, 
the decomposition products depending on the 
time of exposure and the amount of available 
oxygen (Schoorl and Van den Berg, Chem. 
Zentr. 1006, i. 44i). It has been used to a slight 
extent as an anesthetic, and in the treatment of 
diphtheria. Bromoform in water, to which a 
little alcolj^l has been added, has been success¬ 
fully used in cases of whooping-cough compli* 
cated with pneumonia (Stepp and Goldschmidt, 
J. Soc. Chem. Ind. 1890, 2J3). 

• BROMOGLIDINE, BROMOGLUTEN, BRO- 
MOPROTEIN. Preparations of wheat gluten 
or vegetable albumin containing bromine used 
as substitute for alkaline bromides. 

BROMOL, BROMOLEIN, BROMOTAN v. 
Synthetic Drugs. 

BROMURAL. Trade name for a*monobrom- 
i&ovalerylurea. Employed’as a hypnotio. Forms 
white needles, slightly bitter in taate; readily 
soluble in hot water, alcohol,'and ether, sparingly 
soluble!!in cold water*. ,m.p. 147°. 

BRONNtfR'S ACID, 2-Naphthylamine.fl. 
sulphonic acid v . NaphthIlene. 

BRONZE p. Tin. 

BRONZE 3pWDERS. Bronze powders are 
composed of coppqf, zinc, tin, ana antimony, 
melted together in the requisite proportions. 



BROOM TOPS. m ' 


In tha process of manufacture, the alloy is oast 
Into rods £ inoh in diameter and 3 feet long. 
These are rolled until about 2 inches widtf, and 
then out into lengths suitable for handling. The 
pieces are hammered out thin, and olAnstd by 
immersion in dilute sulphuric aoid. The dried 
material is then beaten out by steam-hammers 
until the limit of thiokness is reached, when it is 
cut up by shears into small particles or * clip¬ 
pings? These are then pulverised in stamp mills, 
and the powder sifted, to separate the heavier 
and better quality powder from inferior material. 
The latter is mixed with quartz powder and 
sold very cheaply (J. Soc. Chem. Ind. 1893, 12, 
475). 

The expense of the above process lies mainly 
in the production of ‘ clippings,’ which necessi¬ 
tates a great deal of handwork, and a number of 
methods have been patented for reducing the 
alloy to a finely divided state by mechanical 
means. According to one method, the molton 
alloy is rained into a sheet-iron chamber, in 
which a shaft carrying blades is rapidly rotated, 
so as to greatly agitato the air ana thereby 
minutely subdivide the metal at the moment of 
solidification (Fr. Pat. 331371, 1903). In 
another, the molten metal flows in a thin film 
into a receptacle, where it moots a current of 
compressed air or else a Jet of water, the object 
being to produce bronze foil or leaves (Eng. 
Pat. 9064, 1903). Methods have also been 
patented for casting the metal in thin films on 
the inner surfaced a rotating hollow cylinder 
or in the annular space between two rotating 
cylinders (J. Soc. Chem. Ind. 1903, 22, 150; Fr. 
Pat. 335112, 1903). 

Aftor the powdered metal has been sifted, 
the coarser grades ajo polished in a closed steol 
cylinder, in which steel wire brushes rub against 
the walls. When it is necessary to reduce the 
powder to a finer state of division, it is rubbed 
with gum-arabic solution, washed and dried at 
the lowest possible temperature. 

Zinc-dust is frequently coated with brass by 
simple immersion in a copp*er and zinc oyanido 
solution, the powder being kept agitated by 
means of brushos (J. Soc. Chem. Ind. 1894, 13, 
893, 958); the product treated finally in a 
polishing mill, and used as a bronze powder. 

Bronze powders have also been described 
containing 5-10 p.c. of aluminium, and 0*05- 
0T p.o. of bismuth. The shade oL colour is 
altered by varying the percentage of aluminium, 
and by heating in air (D. R. P. 44242, 1887). 

Few analyses of bronze powder# have been 
published (J. Soc. Chem. Ind. 1910, 29, 1062).* 
f Gold’ and * bronze ’ powders were found to 
contain 70-85 p.o. of copper, and 30-15 p.c. of 
zino, together with small amounts of lead, tin, 
arsenic, iron, and aluminium ; 4 aluminium * 
powders consist of nearly pure aluminium; and 
‘diver’ powders contain 77 p.o. of zino and 
21*5 p.o. of aluminium. 

Bronze powders are coloured in varices ways. 
One method consists in heating the powder in 
an open weasel with o4*and vinegar, with 
wax, paraffin, or oils containing sulphur. 
Buchner’* process conliits in shaking the powder 
in a closed vessel with hydrogen gulphide solu¬ 
tion, allowing to stand 24 hou^s, drying and 
heating in an oil-bath until sufficiently coloured 
(J. Soc. Chem. Ind. 1808, 15, 283}, Artificial 


dyestuffs'are also used for colouring bronze, 
powders. * 


The following are examples :— 

-?_ l _ 


Colour of 
powder 

• 

Metallic 

constituents 

Total 

organic 

matter 

• 

Colouring 

matter^ 

Pink . 

Copper 

0-8j).c. 

Azine scarlet 
G 

Blue • 

Tin and zinc 

3-8 „• 

Victoria blue 
4R 

Copper colour 

Copper (little zinc) 

5-5 „ 

Safranine 

Violet. 

Tin (little copper) 

3*8 „ 

Fast neutral 
violet B 

Pale green . 

Copper and zino 

48 „ 

Malachite 

Olive green . 

Copper and zinc 

5-0 „ 

Brilliant 

green 


Bronze powders are used considerably for 
printing ori textile fabrics. For this purpose, 
they must be mixed with a ' fixer ’ which allows 
the powder to be readily applied to the material, 
whilst so fixing it that brushing^vill not remove 
it; the fixer must not, of course, interfere with 
the brilliancy of the frowder. Two classes of 
‘ fixers ’ arc in use, egg or blood albumen, and 
various varnishes having caoutchouo as their 
base. In printing luch good^, the main point 
to be observed is that the impression shall be 
sharp, and applied with sufficient f&rce to 
prevent the particular fibres from again rising. 
(For further particulars, v. J. Soc. Chem. Ind. 
1896, 15, 283; 1900, 19, 243; 1906, 25, 1040; 
and for various bronze powder substitutes, v. 
ibid. 1896, 15, 284.) 

BROOKITE r. Titanium:. 

BROOM TOPS, Mcoparh cacumina B.P. 
Scoparius, U.S. Pat. was deleted in 1916, but 
Spartcinoe sulpha* is retained. {Genii £ balaie, 
Fr.; Besengtnsler, (lev.). The tops of the m 
common broom, Cytisux scoparius , Link= 
Spartiwm scopamtm, L. (Bent*, a. Trim. 70), hav^ 
been employed for tliei^ diuretic action since the 
Anglo-Saxon period, and art* noticed in nearly 
all the herbals and pharmacopoeias (Planta 
genista). The main constituents are sparteine 
and scopann. # 

Sparteine C u Tr 2 .N 2 , a liquid alkaloid (Sten- 
house, Annaion, J8oi, 78, 15 ; Mills, ibid. 1863, 
125, 71); subsequently shown to be identical 
with liftmidino from yellow lupin seeds ( L. lutcus) 
by Willstatter and Marx (Ber. 1904, 37, 2351). 

It may bo obtained from broom tops by extrac¬ 
tion with very dilute sulphuric acid, concentra¬ 
tion of the extract and steam-distillation of the 
residue, after addition of alkali. The crude 
alkaloid may be purified by distillation in a 
current of hydrogen. 

Pupverties. A colourless liquid, sp.gr. 1 *034 
at 0°, b.p. 188° under 18*5 mm., or 325^ in ft 
current of hydrogen under 754 mm. pressure 
(Moureu and Valeur, Corapt. rend. 1906, 137, 
194), 180*5° under 18 mm. (W. and M. l.c.). 
Slightly soluble in water, soluble in alcohol, 
ether, or chloroform; insoluble in fight petro¬ 
leum or benzene. The aqueous solution ife&lka- 
line and very bitter. [a] D =* — 14*6° hf alcohai* 

(Bamberger, Annalen, 1880, 235, 368), y 16*42° • 
(M. and V. l.c.) at 20°. Spartqjne is a tUacidio 
base, whioh forms difficultly crystallisable salts, 
The alkaloid and its salts are toxic. 




' m BROOM TOPS. 

Reactions and constitution, Sparteine be* aloohol. The formula may be resolved. into 
haves towards alkyl iodides as a ditertiary C 8 H t ’OMe(4) , OH(3) , Ci 6 Il f ,Oj(OH)j, the un¬ 
base, but contains no methyl linked to N resolved portion yielding phloroglucinol on 
(Herzig and Meyer, Monatsh. 1894, l£f, 613 ; potash fusion, and probably containing a pyrone 
1895, 1#, 599; M. and V. l.c.). It furnishes no rin^ • (G&ldschmiedt and von Hemmelmayr, 
reduction prqducts, and is unaffected by per- Monatsh. 1893, 14, 212; 1894, 15, 300; A. G. 
m&nganate. Sparteine reacts with methyl Perkin, Chom. Soc. TraAs. 1900, 77, 422). 
iodide to form two monomethiodides, which are Sooparin dissolves slightly in water, readily in 
regarded as stareoisomerides. On ‘exhaustive alkalis, e.g. in ammonia with a deep yellow* 
methylation*’ sparteine furnishes hemispartei- green colour. With ferric chloride it gives 

lone C 18 H, 8 N and trimethylamine and finally - , A t - 1 — -*- 1 *— — :JI -- K - £ — 5 -*- 1 * 

sparteilene C J6 H 20 . On oxidation with chromic 
acid it yields spartynno C 15 H a4 N a , and eventu¬ 
ally oxysparteine C 16 H 24 O.N a . • With hydrogen 
peroxide dioxysparteino C 16 H !fl O s N a results, 
presumably a di-ammonium oxido. From these 
and other data Moureu and Valeur (Compt. rend. 

1905, 141, 201, 328) have assigned the folio whig 
formula to ifjmrteine— 


of wax and saponifiable matters, which are used 
| in the manufacture of candles (BousBingault, 
Pharm. J. [3] 9, 679). 

The principal papers relating to sparteine are as | BROUSSONETIA PAPYRIFERA (Vent.), 
follows : Ahrens, Bcr. 1887, 20, 2218 ; 1888, 21, The Paper mulberry. The fibrous bark is used 
825; 1891, 24, 1095; 1892, 25, 3607; 1893, ! in China and Japan for the manufacture of a 
26, 303b; 1897, 30, 195; Moureu and Valeur, kind of paper, and in Polynesia in the manu- 
Compt. rend. 1903, 137, 194; 1905, 140, 1601, facture of Tapa cloth. 

1045; 141, 49, 117, 201, 328; 1907, 145, 815. 1 BROVALOL. The borneol ester of a*bromo 
929, 1184,1343; 1908; 146,79; 1911,152, 38«, | isovalerianic acid C 4 tf 8 Br.CoO£ ro H I7 . 

527; 1912, *154, 309; Bull. Soc. ehmi. 1909, BROWN, ACID, v. Azo-coloueing matters. 

|iv.] 5, 31, 37, 40; and resume Aim. ('him. BROWN, ANILINE; BISMARCK BROWN, 

Phys. 1912 [viii.j 27,245-391 ; Wackemagol and MANCHESTER BROWN, PHENYLENE 
Wolffenstein, Bcr 1904. 37, 3238; Willstatter BROWN, VESUVINE, LEATHER BROWN, 
and collaborators, ibid. 1904, 37,2351; 1905, 38, CINNAMON BROWN, ENGLISH BROWN, or 
1772. GOLD BROWN ; v. Azo colouring matters. 

For salts, see Bamberger (l.c.) and BROWN, ANTWERP, v. Pigments. 

* Corriez (Bull. Sci. Pharmacol. 1912, 19, 408, 527, BROWN, ARCHIL, v. Azo- coloubing mat- 

633, 002). The sulphate C 16 H 26 N 2 , H a S0 4 , tees. 

6H t O is official in the U.S.P., and forms hygro- BROWN, BONE, v. Pigments. 
soopic crystals becoming anhydrous at 100 6 and BROWN, CALEDONIAN, v. Pigments. 
melting at 153°. Crystals with 3 and with BROWN, CAPHEJK, v. Pigments. 

8H a O have also been described. The salt is BROWN, FAST, v. Azo- coloubing matter*. 

soluble in about an equal weight of water, less BROWN, FUSCANINE, v. Aminophenol. 

bo in alcohol. lt*has been recommended as a BROWN, GARNET. The potassium or am- 

cardiac stimulant, but its action on the heart is monium salt of taopurpuric acid (C g H^N.0 8 K or 
doubtful Sparteine is much less poisonous C 4 H 8 N e 0 8 ). Obtained by Hlasiwetz m 1859 by 
than coniine, which it resembles to some extent the action of potassium cyanide on piorio acid 
in aotion; it also resembles nicotine. For (Annalen, # 110, 2891 Forms a dark- brown 
oolpur reactions of sparteine, see Reichard(Pharm. powder, readily soluble in hot water with red* 
Zentr-H. 1905, 48, 385). The amount present dish-brown colour. Dyes wool and silk brown 
in broom tops varies considerably with the in an aoid-fcath. No longer is use (w. also 
season of the year. There is a well-defined Isopurpdrio acid). • 

maximum in March and minimum in August BROWN, MADDfiR, v. Pigments. 

(Carr and Reynolds, Pharm. J. 1908 [iv.] 26. BROWN, NAPHTHYLAMINE, v. Azo- 

542; Chevalier, Compt. rend. 1910, 160, 1068). colouring matters. 

TJie former authors found 0’07 to DOB* p.c. BROWN, PHENYL, v. Phenyl brown. 

in cottmercial specimens, and in specimens BROWN, PICRYL, v. Picryl brown. 

from the same locality 0’53 p.c. in March, BROWN, PIGMENT, v. Azo- colouring 

0*07 p.S in August. Chevalier states that the matters. 

alkaloid wanders into the fruit in the following BROWN, PRUSSIAN, v. Pigments. 

season, mature seeds containing 1*1 p.c. Valeur BROWN, RESORCIN, v: Azo- OOLOUBINQ 

(Compt. rend. 1917,164, 818) has based a method mattebts. t r*. 

for thffetjimation on the decrease of solubility in BROWN, SOUDAN, v. Azo* COLOURING 

wlter of,Se free base with rise of temperature. matters. * 

* Scoputa C l0 H ffl O ip ,6H 1 O, nf.p. 202?-219° BROWN, VANDYKE, k Figments. 

(aooormJg to the^ate of heating), is a pale yellow BROWN, VERONA, v. Pigments. 

powder separating from the aqueous decoction BROWN BERBJES. The fruit of Rufat 
as a jelly and crystallising with difficulty from Jruticosus. « ; ,\ w . 



u. viuiei<*uiuu uuiuur, ueuuiuuig uoiiv- 

brown ; it reduces Folding's solution. Heated 
with alcohol less solublo isoscoparin, m.p. 235°, 
is formed, which on solution in alkalis and re- 
precipitation is reconverted into scoparin. 
Scoparin is stated to be the cause of the diuretio 
action of broom tops. G. B. 

BROPHENIN. Brom-i«o-valerylamino acefc* 
2 >-phenetidm. 

, BROS1MUM GALACTODENDRON (Don.), 
j The latex of this urtioaceous tree (oow-tree, milk- 
| tree), growing in Venezuela, approximates to 
cow’s milk in composition. It contains 35-2 p.o. 



BUCHU OR BOOCO. 

BROWS' COAL v. Soil. 

BROWS HffiMATITE it Ikon, Obbs or. 

BROWN IRON ORB [Limonite) v“. Iron, 

Oees or. • 

BRUCINE v. Nux Vomica. * •• 

BRDCITE. Native magnesium hydroxide, 
found aa platy crystals with perfect 
micaceous cleavage, or as lamellar masses, in 
serpentine rocks, at Unst, one of the Shetland 
Isles, at Texas in Pennsylvania, &o. It some¬ 
times contains a small amount of iron (ferro- 
brucite) or manganese (manganbrucite). A 
fibrous variety is called nemalite. L. J. S. 

BRUNSWICK BLACK is prepared by fusing 


formula 


2 lbs. of asphalt, and mixing thoroughly with coriB l«ting of oleic, linolie, palmitic, and stearic 
1 pint of hot boiled oil. When cool, 2 pints . ^ r yonol appears to belong to a group of 

of turpentine are added to the mixture. An . 1— 

inferior but cheaper black may be made by 
boiling gently together for five hours 25 lbs. 
each of blaok pitch and gaB tar asphaltum j 
8 gallons of linseed oil, and 10 lbs. each of litharge 
and red lead are then mixed in, and the whole 
boiled. After cooling, the^mixture is thinned by 
the addition of 20 gallons, of turpentino*(t>. also 
Bone oil). 

BRUNSWICK GREEN. An oxychloride of 
copper, used as a pigment. Copper filings or 
turnings are moistened with a solution of sal- 
ammoniac, and left in jontact with the air ; the 
oxychloride so formed is washed off with water, 
and dried at a gentle heat. The term is also ap¬ 
plied to chrome green and to emerald green 
(v. Coitrr an'A ugments). 


m 

( • 

essential oil of characteristic odour ; a colourless 
crystalline neutral Bubstance, (Sh.p. 

220°-j22£°) [aj^-f 58*6° ; an fcnorphous gluft>siae 

of a brown oolour and bitter taste, *which on 
hydrolysis yields a brown resip, and a sugar 
forqjjng d-phenylglucosazone (m.p. 208°-2Kr); 
an amorphous alkaloidal principle, brownish- 
yellow in colour, and of an intensely bitter taste. 
From ^ ie res ^ n ma y be prepared (i)»a phytosterol, 
^ 27*46 (ro.p. 137°), optically inactive; (ii) a 
dihydrio alcohol, bryonol , C aa H 84 O a (OH), 
(m.p. 210°-212°), yielding a diacetyl derivative 
(m.p. 152°); ,(iii) a mixture of fatty acids, 

nnnuiufinnr n f _i _• 


BRUSHITE. A hydrated phosphate of lime, 
llCaP() 1 ,2H a O, occurring in the guano of Avei 
Island and Sombroro in the Caribbean Sea. 

BRUSSELS SPROUTS. A variety ot the 
cabbage (Brasaica+olcracea), in which numerous 
small heads are developed along tho stalk from 
the axils of the leaves, insteaa of one terminal 
head. 

The edible portion contains, according to ! 
American analyses: 

Water Protein Pat 1 
88-2 4*7 1*1 

(see Cabbage). 

BRYOIDIN i>. Oleo-besins. 

• BRYONY ROOT. Bryony root has been used 
medicinally from a very remote period on 
account of its cathartic properties, and was 
formerly recognised by several of \lio national 
Pharmacopoeias, but is now rarely employed. 
The plants yielding this root ar e^Bryonia alba , 
I4nn6, and Bryonia dioica , Linn6 (Nat. Oi*l. 
Curcurbitaoese), which ale botanically closely 
allied. They are indigenous to the greater 
part of Europe, but the last-named species is the 
only one of the genus commonly found in this 
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dihydric alcohols of the general 
„H n _ a 0 4 , comprising: vpurganol 
C 2 |Hj t 0 8 (0H) a 

grindelol C 23 H 84 0 a (011) a , and c vtcurbitol 
^ 2 i^fN 8 ^a(OH) a . The bryonin of previous in¬ 
vestigators consisted of complex mixtures. The 
activity of bryony root cannot *>e atrributed to a 
single definite principle, its purgative property 
resides chiefly in iff resinous and alkaloidal 
constituents (Power and Moore, Cliem. Soc. 
Trans. 1911, 99, 937). 

BUBULIN (from povs, o*). Tho name of a 
peculiar substance, said by Morin to exist in cow- 
dung, and to be precipitated by metallic salts, 
tincture of galls, and alum, and therefore to be 
active in tho application of cow-dung to calico- 
printing. , 

BUCHU v. Oils, Essential. 

BUCHU or BUCCO. The leaves of three 
varieties of Baroama (ord. Rutace.e), viz. B. 
betulina (Bartl et Wend!, f.), B. cremdata (Hook.), 
and B. aerratifolia (Willd.), are known under this 
name. The loaves are used medicinally by the 
South African natives. * 

Their composition has been studied 
Brandes (Arch. d. N. Ajjoth. Ver. 22, 2§9), 
Landeror (Buchner’s Report 84, 63 , Fliickiger 
(Pharm. J. 3, 4, 689 ; [3] II* 219), Wayne (ibid. 
3, 6, 723). By extracting the leaves with light 
petroleum, Bialobrzeski (Chem. Zentr. 1890, ii. 
551) obtained chlorophyll, a resin, and an 
ethereal oil containing ihielfy diosphenol, 
together with a tdtpeno C lp H ia , b.p. 174°-176°, 
and a ketone isomeric with menthone, and 
having the constitution C ln H ia O, b.p. 206°- 
209°; it yields an oxime and a tribrom deriva¬ 
tive. After extraction with light petroleum, 
the leaves, on treatment with cold alcohol, 
yield 3 p.o. of a brownish-green bitter resin 
insoluble in benzene, and when the alcoholic 
extract is treated with sodium carbonate or 
by other methods diosmin is deposited, forming 
tasteless, odourless crystals, m.p. 244°. 

Semmler and McKenzie (Ber. 1906, im 


country, and, therefore, is frequently donated foand that the round lea¥e8 of BaromaittuUna 


m English bryony. The roots ot the two 
species are generally considered to possess the 
same properties, and they appear to be indis- 
erimiaately collected, although it has been 
asserted by Petresoo (United States JWspensa- 
tory, 18th ed., p. 279) that they differ appreciably 
in their physiological action. The roots ot 
Bryonia, dioica contain an enijme as a light- 
brown powder, whioh slowly hydrolyses the 
elucoslde in the root, and also effeots the hydro¬ 
lysis of smygdalin Ind salicin, .The alcoholic 
-extract ot the dried root yields a pale yellow 


yield about 2 p.c. of an oil which crystallises on 
standing at ordinary temperature; DUt the long 
[eaves oi Buro'ma strratifolia jrield 1 p.o. ot Ml 
oil which remains liquid under similar conditions. 

According to Kondakofi and Bochtschiqw 
(J. pr. Chem. 1901, 63, 49), the best ail qf 
bucco or buchu leaves oontains 10 p.o.qj 
hydrocarbons', consisting of a variety of «- 
limonene and dlpentene; 6 (^p.c. of a ketone 
C,„H u O, [a] D , —16°6', b.p. 208-6° - 209-5°, 
which, on reduction, yieldsamenthol not identi¬ 
cal with the natural product; 20 p.c, of ^ios- 
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phenol; 5 p.o. of resin; and 5 p.o. of other 
constituents (KondakoS, J. pr. Chem. 1896, 
54, 4£1). After removing diosphenol from the 
oil of buchu lea vis, Tschugaoff succeeded in 
obtaining kanthogenide derivatives of d-menthol 
from a traction of the residue (J. Russ. Phys. 
Chefti. Soc. 1910, 42, 714; Skovortsoff, ibid. 
ii. 55). Diosphenol or buohu camphor (Bialo- 
brzeski, l.c .; Kendakoff, l.c.; Semmlor and 
McKenzie, l.ct ; Semmler, Chem. Zeit. 1906, 
30, 1208; Kondakoff, Chem. Zentr. 1905, ii. 
1252 ; Chem. Zeit. 1900, 1090, 1100) is optically 
inactive, has m.p. 82°, b.p. 109°-110°/10 mm., 
232°/755 mm. Its composition is probably 
C, 0 H,*O,. It is a phenolic aldehyde, yielding 
an oxime, m.p. 156° (Semmler and McKenzie i 
125°). With hydrochloric acid it yields thymol J 
and a little carvacroL With hydriodic acid it 
yields a hydrocarbon C t0 H i0 , b.p. 165°—168°/702 j 
mm.; whilst with sodium in alcoholic solution 
it forms (1) a menthol; (2) a crystalline glycol 
C l0 H, 8 (OH) t m.p., 92°; and (3) an isomeric 
glycol, b.p. 141*5°-145°/13 mm. With alco- 
nolio potash, a hydroxy acid of the terpene 
series, m.p. 94°, is obtained This acid has been 
synthesised, and is identical with the natural 
produot. The dibrojnide C, 0 H, 4 O a Br 2 and 
other derivatives o^ diosphenol have also been 
obtained. 

BUClfTHORN (Bhamnus cathartica [Linn.]), j 
This plant is a native of England; it grows' 
to a height of from 15 to 20 feet; its flowers 
ar« greenish-coloured, and its berries four- 
seeded. The juice of these when in an unripe 
state has the colour of saffron; when ripe 
and mixed with alum, it forms the sap or 
bladder-green of the painters (v. Pigments) ; and i 
in a very ripe state the berries afford a purple | 
colour. The bark also yields a fine yellow 
dye. • | 

1 The berries of the Bhamnus carlhartica (also 
kntrwn as Hungarian berries) have been examined 
by Tschirch and PoTacco (Arch. Pharin. 1900, 
238, 409), and evidently contain substances 
chemically distinct from those which are present 
in Persian berries. 

Ether extracts from an aqueous extract of 
the berries rhamnocitrin, rhamnolutin, rhamno- 
"hrysin, and the residual watery liquid on boiling 
with dilute sulphurio acid gives, in addition to 
rhamnocitrin, p-rhamnocitrin. The berriqp al¬ 
ready extracted with water contain rhamno 
zmodin and rhamnonigrin. 

Bhamnocilrin C l3 H, 0 CL, yellow needles, melts 
at 22i°-222°, and is soluble in alkaline solutions, 
with a yellow colour. Alcoholic lead acetate 
gives an organic coloured precipitate, and ferric 
chloride a green colouration. The solution in 
sulphurio acid possesses an intense green 
florescence. 9 

TriMetylrhamnocitrin C| s II 7 0 5 (C J H 3 0) > formi 
oolourleM needles, melting at 199°-200°. 

RhAmnocitrin appears to bo a dihydrotrihy- 
Iroxyzanthone, and probably possesses thefollow- 
ng constitution 

OH O OH 

'''OH, 

I II | |* 


Hd 


wv 


CH, 


OH 
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It dyes with iron mordant a green* brown, and 
with aluminium mordant a bright-yellow colour. 

BJuxnnolutin C lfi H. 0 O., small oanary-vellow 
needles, melfcs above 260°,, and gives with lead 
acetate* and orange-rod precipitate, with ferric 
chloride a green-black colouration. Its sulphuric 
acid solution posseses a strong green fluorescence. 
Tetraacetylrhamnolutin C, .H fl 0-(C a H,0) 4 , colour¬ 
less needies, melts at 182-183°. 

Rhamnolutin dyes aluminium- and iron- 
mordanted fabrios respectively canary-yellow 
and green-brown shades. It appears to be a 
tetrahydroxyflavone, isomerio with luteolin and 
fisetin. 

p-Bhamnocitrin C, 8 H 10 O 6 is sparingly soluble 
in alcohol and acetic ac;d, but is distinct from 
rhamnetin (C It H 10 O s ?), and does not oontain 
methoxy- groups. It melts above 260°, and, 
generally speaking, its reactions are the same as 
those of rhamnocitrin itself, but, on the other 
hand, it possesses stronger dyeing property. 
Diacetyl-p-rhamnocitrin C, 8 H 8 0 5 (C a H 3 0) 2 forms 
colourless needles metying at 190°-191°. 

p- Rhamnocitrin, according to Tschirch and 
Polacco, appears to resemble very closely the 
£ rhamnetrin of Schutzenberger (see Persia* 
berries). 

Bhamnoemodin C, 6 H 1(! O fi , m.p. 254°-255°, 
is similar to frangula emodin (B. frangula) which, 
according to Oesterle, melts at 250°. 

Bhamnonigrin is converted by boiling with 
nitric acid into chrysamminic acid, and by 
digestion with boiling alcohoj,i$ potash into 
emodin. 

The alder buckthorn (Bhamnus frangula) 
grows naturally, and is very abundant in woods 
and thickets, in some parts of Britain. The 
berries of this species are of Jen substituted for 
those of the above ; “nut they are easily detected, 
since they contain only two seeds. In a green 
state they dye wool green and yellow; when 
ripe, bluish-grey, blue, and green. The bark also 
dyes yellow, and, with preparation of iron, black 
(Lawson) 

Rock buckthorn (bhamnus saxalilis), yields 
berries which are used to dye morocco leather 
yellow. These, in common with the narrow¬ 
leaved buckthorn berries (B. aluternus [Linn.]) 
and those of the yellow-berried buckthorn (It. 
infectorius [Linn.]), are sold as Avignon berries. 
The wood of the Bhamnus erythroxylon (which 
is a native ^f Siberia, but grows freely in this 
climate), in a ground state yields the bright-red 
colour known to dyers under the name’ of 
redwood. • A. G. P. 

• BUCK WHEAT^ (Fagwpyrum esculentwm 
[Moench.]) is grown mainly for poultry and also 
for pig- and cow-feeding in Europe. Its flowers 
furnish excellent pasturage for bees. Kellner 
gives the analyses on opposite page. 

Buckwheat, after soaking in water, furnishes 
excellent food for cattle and pigs, though not 
very suitable for young animals. 

The globulin of buckwheat has the composi¬ 
tion: C 5169, H 0-90, N 17*44, S 1*10, and 
O 22*81i It contains «^bout 13 p.c. arginine, 
j 0-6 histidine, 7*9 lysine, and 1 p.c. cystein and & 
small amount of tryptdbhan (Johns and 
Chemoff, J. Bipl Chem. 1918, 34, 439). 

The starch qf buckwheat occurs in rounded 
angular grains of siqpll ai^e, showing a distinct 
hilum and a tendency to agglomerate. 
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Water 

Protein 

t 

Fat 

Carbo¬ 

hydrates 

Fibre 

Ash^ 

Seed ..... 

14- 1 

11-3 

* 2-6 

54-8 

*14-4 

• 

. 2*8 

Fine meal .... 

lf-7 • 

8-0 

1-9 

72-6 

0-8 

1-4 

Coarse meal.... 

120 

31-8 

8-4 

38-3 

4« 

4-7„ 

Fine bran . .* 

12-0 

15-2 

• 4-5 

80-0 

11-3 

7-0 

Coarse bran .... 

15-8 

8-0 

1-8 

34-2 

37-6 

2-8- 

Husks. 

13-2 

4-6 

M 

35-4 

43-5 

2-2 

Straw. 

160 

4-8 ' 

1-2 

34-6 

38-2’ * 

6-2 

Whole plant, in flower . 

83-7 

2-5 

0-6 

7-8 

4-3 

1-1 

»» »♦ hay • • 

14-0 

10-5 

2-1 

36-6 

31-4 

6-4 


The flour is largely used in making buck¬ 
wheat cakes, popular in America, but rarely met 
with in England. ff. I. 

BUCURUMANGA RESIN. A fossil res in, 
occurring in an auriferous alluvium near Bucuru- 
raanga, New Granada. It is light-yellow, trans¬ 
parent, somewhat heavier than water, becomes 
strongly electric by friction ; is insoluble in 
alcohol; swells up in ethej, becoming opaque;, 
melts when heated; burns in the air \#ithout 


of a building stone depend on its physical 
characters rather than on chemical composition. 
Nevertheless, the bToad classification of ouilding 
stones has a chemical basis, viz.:— 

Sandstones and Grits , composed largely of 
silica in the form of quartz grains. • 

Limestones and Marbles , consisting of calcium 
carbonate, sometimes^vith magnesium carbonate. 

Slates, consisting largely • of secondary 
aluminium silicates. 


residue. It resembles amber in outward appear¬ 
ance, but does not give succinic acid on dry 
distillation. It contains 82*7 p.c. 0, 10-8 p.c. H, 
and 6-50 p.c. 0 (Boussingault, Ann. Chim. Phys. 
[3] 6, 507) (v. Resins). # 

BUFAGIN v. Bufotalin ; and Toad venom. 

BUFFALO RUBIN v. Azo- colouring 

MATTERS. 

BUFOTALlfr* the poisonous principle of the 
toad, C 16 H 24 Q 4 , m.p. 148° (deeomp.) {a]20-f 5*4°, 

is a crystalline neutral substance. Alkali con- : 
verts it into the unsaturated bufoialic acid, 
proving bufotalin tp be a lactone. The other 
two oxygen atoms are present as alcoholic 
hydroxyl groups. It dissolves *111 concentrated 
sulphuric acid with an orange-red colouration 
which beoomes deep red on standing, and shows 
a green fluorescence. Concentrated hydrogen 
chloride in the cold eliminates 2 mols, of water, 
forming a pale-yellow crystalline compound 
bufotalien C 18 H 20 O a , m.p. 219°. Acetyl- 
bufotalien separates in lustrous, yellow platelets 
grouped in rosettes, m.p. 184° (decomp.). 

Bufotalin is not identical with bufagin 
C ia H t4 0 4 , obtained from the parotoid gland of 
the tropical toad Bufo Agua by Abel and 
Machfc (J. Pharmacol, and expt. 'flier. 1912, 
3, 319). This is also dextrorotatory ( + 11°), 
sparingly soluble in water, m.p. 217°-218°. 
(Wieland and Weil, Ber. 1913, 4Of 3315). 

% The Chinese drug ‘sqpso,’ prepared frorf 
toad skins, appears to contain bufagin, associated 
with oholesterol, together with adrenaline and 
bufotoxin, a member of the picrotoxin group of 
poisons (Shimizu, J. Pharm. Expl. Ther. 1916, 
8, 347). V. Toad venom. 

BUHRSTONE or BURRSTONE. A hard, 
tough rock consisting of chalcedonio silica with 
a cellular texture, especially suitable for use as 
millstones for grinding 00 m, paints, &c. It is 
white, grey, or creamy*in colou*. llie best 
stones are from the Jertiary strata of the Paris 
basin, and have originated by the siliciflcation 
of fresh-water limestones, the eellular spaces 
representing the oasts of fossil shells and Char a 
seeds. • • . L. J. S. 

BUILDING STONE, The essential qualities 


igneous lincks (im’iudmg granite, syenite, 
diorite, gabbro, porphyry, porphyrite, dolerite, 
diabase, rhyolite, aqdesite, basalt) composed of a 

grams of hard silicate minerals, sometiqies witfi 
quartz. 

A few other miscellaneous rocks used as 


building stones include flint, serpentine, pot- 
stone, and laterite. Each of these .kinds of roflk 
is considered under its respective heading. 

Although a large number of analyses of 
building stones are on record, these are of little 
direct value in estimating the quality of a stone. 
They are, however, useful in indicating whether 
a limestone is dolomitic ( i.e . containing magnesia) 
or clayey in character, and in telling Se nature 
of the cementing material in the case of sand-* 
stones. A simple test witb f acid is often useAil 
in helping to recognise a limestone, otherwise 
there is usually not much difficulty in allotting 
different stones to their main classes. Colour 
and change of colour on weathering are usually 
connected with the amount and state of the iron 
present in the stone. 

In the decay of building stones in buildings 
the processes involved are different not only in 
deg ref but also in kind from those which take 
place in tlio weathering of rocks in situ, as 
considered by geologists. Here chemical action 
is in general of less importance than that pro¬ 
duced by mechanical means, especially by the 
action of frost and by extreme alternations of 
temperature, and by the organic action of 
lichens. The solvent action of pure rain-water 
is ii^ignificant for all stones except alabaster. 
Carbonated water has a more pronounced|plve»t 
action on limestones and the calcareous cement 
of sandstones. In the case of silicate roqjis 1 the 
action of carbonated water is extremely slight, 
unless the felspars have already been previously 
considerably altered by weathering in situ, In 
towns, however, the action of sulphurous, 

1 Here the effect of alternations of tenfperaturAI 
of much more Importance owing to the conjunction o& 
minerals possessing different coefficients of sponsion. 
In passing it may also be remarked that igneous rocks 
(and also jasper) are the only stones used for outside 
decoration which are capable of retaining a auriaoe 
polish. 
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sulphuric (hydrochloric and nitric) acids brought 
down by rain-water is of more importance, 
particularly in case of limestones* The 
oalcium carbonate ft converted into gypsum, and 
this crystallising with an increase in volume 
of Rightly more than double causes a disruption 
of the surface layers «of the stone. (Oi* the 
weathering of Portland stone and magnesium 
limestone in the*London atmosphere, see E. G. 

Clayton, Pl-oc. Ghem. Soc. 1901, xvii, p. €01 ; 

W. Pollard, Summ. of Progress, Geol. Survey 
United Kingdom, for 1901, 1902, p. 83). Here 
also the rate of decay is governed more by tho 
state of aggregation of the caldium carbonate 
than by the chemical composition of the stone; 
a stone with a cement of mealy calcium carbonate 
going much more quickly. The sodium and 
magnesium §alts of sea-water blown as spray 
on buildings often have a deleterious effect. 

Stones Containing nodules of iron-pyrites should 
be rejected, since this mineral is readily decom¬ 
posed, giving rise to unsightly stains and pro¬ 
ducing free sulpMuric acid winch causes further 
injury to the stone. 

Preservatives against ftecay include painting 
the surface with oil-colours; or saturating the 
surface with a solution of sodium silicate, which 
may be followed by treatment with a solution of 
calcium chloride. The carved stonework (lime¬ 
stone) of the Houses of Parliament and the 
Abbey at Westminster was restored by Sir A. H. 

Church by the application of baryta water, tho 
crumbly surface layer of gypsum being thereby 
converted into more resisting barium sulphate. 

The different kinds of artificial stone manu¬ 
factured for building purposes are classified 
roughly by Howe [see references below) as 
follows:— 

1. Stases made of natural rock fragments 
%held together by Portland or magnesium cement. 

Ey. ‘ Pentuan stone ’ and concrete. 

2. S im ilar stone# subjected to a subsequent 
hardening process by treating with sodium 
silicate. Here tho action of the cement is 
modified and hydrated calcium silicates are 
formed which harden the stone. E.g. 4 Victoria 
stone ’ made from, the granite of Groby and 
Mount Sorrel, Leicestershire,. 4 Atlas stone,’ and 
‘Hard York non^lip stone’ made from sand¬ 
stone. 

3. Stpnes in which granulated rock of sand 
is cemented with calcium carbonate. E.g. 

Thom’s patent reconstructed stone, many 
‘ lime.-sana * blocks, and pumice-, trass-, and 
pozzolana-lime stones. j 

4. Stones in which more or less of the calcium I 
carbonate cement is replaced by calcium silicate. 

5. Stones oemented by bituminous, asphaltic, 

or other organic substance. 9 

* References.—J. A. Howe, The Geology of 
Building Stones, London, 1910; J. Watson, 

British ind Foreign Building Stones, Cambridge, 

1911; H. Ries, Building Stones and Clay- 
products, a handbook for architects, New York, 

1912; O. P, Merrill, Stones for Building and 
Decoration* 3rd ed., New York, 1903 ; J. Hirsch- 
toild, Dif Priifung der natiirlichen Bausteine 
•uf ihre WeUerbestandigkeit, Berlin, 1908; 


ence may also be made to the A 
text-books of J. J. H. Teall, A„ Harked and 
F. H. Hatch. L. J. S. 

BULBGOAPNINE. See under Corydaline. 

BtJHTRUPFERERZ (Ger.). Variegated copper 
ore. This term is commonly applied, even by 
English mineralogists, to an*ore of copper other¬ 
wise known as Bornite [q. t>.), Erubescite , Phillips - 
ite, and Purple Copper Ore. Called 4 horse-flesh 
ore ’ by the Cornish miners. L. J. S. 

BUPLEUROL. An alcohol found in the 
higher boiling fractions of the oil of Bupleurum 
fruticosum. Optically inactive, sp.gr. 0*8490/17°, 
^=1-4508; b.p. 209°—210°/762 mm. Has a 
faint odour of roses. Contains one double 
linkage and yields an urethane melting at 45°. 
Probably a dihydro-derivative of nerol of the 
constitution: 


Birsd^widd, Handbuch der bautechnischen 
Gcateinspruf ung,**Berlin, 1912; W. A. Parks, 
Bep&rt on'the Building and Ornamental Stones . 
of Sttaada, Dept. Mines, Ottawa, 1912. Refer- 

.* # 


(CH S ) 2 CH(CH,) 3 *C(: CH,)*CH g CH a OH 
(Francesconi and Semagiotto, Atti. R. Acoad. 
dei Lincei, 1913, 22, i. 34, 148; J. Soc. Chem. 
Ind. 1913, 251). * 

BURGUNDY PITCH or NORWAY SPRUCE 
RESIN. ( Fichtentarr , Tannenharz , Ger.; Poix 
des Vosges, Poix blanche , Poix jaune , Barras, 
Fr.) The resin of Picea excelsa (Link.) purified 
by melting in hot water and straining. It is an 
opaque, yellowish-brown* hard, brittle resin; its 
taste is sweet and aromatic. It is very soluble 
in glacial acetic acid, acetone, and alcohol. 
Used in making plasters. It is much adulte¬ 
rated. The substance usually tfJld by this name 
in England is made by melting colophony with 
palm-oil or some other fat, and stirring in water 
to make the mixture opaque (Morel, Pharm. J. 
[3] 8, 342) ( v . Resins). 

BURNETT’S F£XJID. A solution of zinc 
chloride is commonly known as Sir William 
Burnett’s disinfecting fluid. It is used as a 
disinfectant and as a preservative of construc¬ 
tional timber. 

BURTON WATER CRYSTALS contain, ac¬ 
cording to Moritz and Hartley, 31-8 CaO, 40'4 
S0 3 , I'04 Cl, 5-46 MgO, and 21-19 OH. (J. Soc. 
Chem. Ind. 2, 82). 

BUSH SALT. A light-brown or greyish 
powder prepared by the natives of Ssongea by 
lixiviating the ashes of the sedge, Cyperus 
J/aspai 1 , L. Contains 77'77 p.o. KC1, and 18-48 
K a S0 4 , with traces of sodium salts and organio 
matter (Le&z, Ber. deuts. Pharm. Ges. 1911, 21, 
270). 

BUSSORAH GUM v. Gums. 

BUT ALANINE u. Valine. , 

BUTANE v. Bowl- compounds. 
BUTAHONE (Hethykthylkelone) v. Ketones. 
BUTEA FRONDOSA. The Butea frondosa, 
also called Dhak or Pul as, is a fine tree, 30-40 
feet high, belonging to the order Leguininoua. 
It is common throughout India and Burma, and 
is found in the North-West Himalaya, as far as 
the Jheliim River. The flowere, whioh in the 
dried condition are known aa tfau, kesii, kesuda 
or palaa-k£ppdl, have a bright-orange colour, 
an uf • 0U ^ ^ e y larger, closely re- 

semble in appearance the common gorse-flower 
(Ulex europ&us), with which, inde<3, they are 
botanically allied. Large quantities of the 
flowers are col&oted in March and April, *#d 
employed bja-the nitive# to produoe a yaUow* 
dye, much used during the * Hmi’festival, Tfc* . 
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dywn^ operation, which consist* in steeping the 
material in a hot or cold deoootion of the flowers, 
is virtually a 'prooess of staining, beoailse the 
colour can be readily washed out. ©n the other 
hand, a more permanent result is (sometimes 
produced either by first preparing the cloth with 
alum and wood ash or by adding these substances 
to the dye-bath. 

From the Buka frondosa is also obtained 
the so-called ‘ Butea gum ’ or 1 Bengal kino,’ 
employed by the natives for tanning leather, 
and the tree is of additional interest because in 
many parts of India the lao insect {Coccus lacca) 
is reared upon it. This latter, as is well known, 
causes the formation of stick lac, from which 
shellac and lac dye are prepared." 

Butin 0, 6 H ]2 "O 3 . The flowers are extracted 
with water, and the extract digested boiling with 
a little sulphuric acid. A light viscous precipi¬ 
tate devoid of dyeing property separates, and 
this is removed while hot and the filtrato left 
over-night. The clear liquid is now decanted 
from a small quantity of Jarry substance, and 
partially evaporated on *the“ water-bath. A 
further quantity of a black viscous precipitate 
thus separates, and when this has been removed 
the filtrate, after some days, deposits crystals of 
the colouring principle. ‘ For purification the 
product is dissolved ip a little alcohol, the 
mixture poured into ether, and the solution well 
washed with water. The liquid is evaporated, 
and the residue repeatedly crystallised from 
dilute alcohol (ttykin and Hummel, Ohem. Soc. 
Trans. 1904, 85, 1459). 

Butin crystallises from alcohol in colourless 
needles with iH 2 0, m.p. 224°-22(i°, and from 
water in pale-yellow noodles with 2H.O; dissolves 
in alkaline solution* with a pale orange-red tint, 
and gives with alooholio acetate of lead a faintly 
yellow almost colourless nrecijJItate. It form’s 
a triacelyl derivative 0, 5 Hj0 5 (C a H 3 0) 3 , colour¬ 
less leaflets, m.p. 12,1°-] 25°, and a tribenzoyl com¬ 
pound C J6 H a O 5 f0 r H,0) 3 , colourloss needles, 
m.p. 155°—157°. On fusion with alkali at 200°- 
220° butin gives protocatechuic ar id and resorcinol. 

When butin is boiled with dilute potassium 
hydroxide solution, the pale-coloured liquid 
becomes much darker, iPnd on acidifying an 
orange orystallino precipitate separates which 
consists of butein. 

Butaln C.jHjjOj.HjO, needles, melts at 
218°-215° i dissolves in alkaline solutions witli 
a deep orange-red colour, and with alooholic lead 
acetate gives a deep-red precipitate. Acetyl- 
butein C,jH.0 s (0,H,0)„ pale-yellow needles, 
meFts at f2»°-l«l°. , ’ 


(1) •0Hf / \0H 


\. 


OH 


I^CO—CH»=CH—(^)o 


;OH 



\/\coA 


and that these formula are correct has been 
established by the synthesis of butein and butin 
trimethylethers by these authors. Thus by the 
condensation of resacetophenone monomethyl- 
ether with veratric aldehyde, butein trimethvl* 
ethor (1) is produced : , 


och/\- oh 

l^--CO-5-CH=CH- 


=nfr—1 


OCH, 


\, 


■.OCH. 


II. 


0 OCH, 
— O^CH—/~\0CH, 

•00—CH, ^ 


and this, when digested with boiling dilute 
alcoholic sulphuric acid, a method devised by 
v. Kostanecki and his colleagues (Ber. 1904, 37, 
784, 773, 770), gives butin trimethylether (II). 

Somewhatlater (Ber. 1911,44,3902) Gosehker 
and Tambor prepared butein itself by treating 
protocatechuic aldehyde and resacetophenone 
in boiling alcohol with potassium hydroxide 
solution and found this to be identical in all 
respects witli the natural product. Bukin 
methylether, yellow needles, m.p. 18#°, 3': 4'- 
b >ikin dimethylether, yellow prisms, m.p. 203°,* 
and butein Ictramelln/ktlier (Bor. 1912, 45, 180), 
colourless needles, m.p. 89°,*were also described, 

Butein itself is aho converted into butin by 
means of dilute alcoholic sulphuric acid, and the 
butin can again be transfonAed into butein by 
the action of potassium hydroxide solution. 
With alcoholic potash butin trimethylether also 
gives butein trimethylether, and these changes 
are readily explained if it is assumed that the 
intermediate compound or its trimethyl ether 


OH 


OHf^OH CH(0H)-(\\0H 
■—CO—CH, 


When fused with alkalis butein gives resor¬ 
cinol and protocatechuic acid, whereas by the 
aotion of boiling 50 p.c. potassium hydroxide 
solution, protocatechuic acid and resacetophenone 
ateproduoed. 

By methylation with methyl iodide butin 
gives butin trimethylether C 15 H,Oj(OCH 3 ) 3 , 
odourless plates, m.p. 119°-12F, and also butein 
trimethylether C u fi,0j(0CH,)„ yellow leaflets, 
m.p. 158°-158°. In a tihiilar in,timer, butein 
vietda not only buteio trimethylether, but also 
butin trimethylether. 

The constitution assigned to butein by Perkin 
and Hummel is that of a It trahyftoxyb e nzyliie ne 
acetophenone {tetrahydf*>ryc9alkoney(l) } and to 
Mtin that of tile corresponding flavannne (2) ;* 


is the first product of the reaction in each oase, 
and that this subsequently, by loss of water, 
asses into either chalkone or flavanone, or 
oth. „ • 

When butein dissolved in aoetio acid is 
treated with a few drops of sulphuric Mid, and 
the solution is boiled, a new substanoe gradually 
separates in the form of crystals, whioh possess 
a beetle-green iridescenoe, and dissolves in 
alkaline solutions with a deep-blue colour. The 
acid liquid decanted from the erystalC, on dilbt 
tion with water, gives a brown precipitat* 
soluble in alkalis with a bluish-violet oolbnration, 
whioh dyes mordanted calico SRadea of a simlW 
character to those yielded by anthngafloi. It 
appears probable that this more soluble substanoe 
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represents the first prodnot of the reaction, and 
j* 'subsequently converted into tlje green 
iride*}ent compound. A consideration qI the 
formula of butein renders it unlikely that theso 
now substances are anthraquinone derivatives ; 
on4be other hind, it is suspected that by loss 
of water ring formation takes place, and* that 
an lndone derivative of the followine tvne is 
first produce'.] 1A 



Butin and butein dye mordanted woollen 
cloth identical shades, though as but,in gives 
with an alcoholic lead acetate a practically 
colourless precipitate, it is not to be regarded as 
a colouring matter. ,.Tn other words, butin is 
merely a colouring principle, and is converted 
during the dyeing operation by the action of 
the mordant into the colouring matter butein 1 
The following shades are^btained 

Chromium Aluminium Tin Iron 

Reddish-brown Brlck-rcd Full yellow Brnwiilsh-binck 
and these are strikingly similar to those yielded 
by some of the ftydroxybcnzylidonecoumara- 
nones artificially prepared by Friedlander and 
Riidt (Ber. 189<>, 29, 879) (ate above). 

The butea fiowers contain but a trace of 
free butin or butein, and the giucoside present, 
which has nM yet, been isolated, is probably 
that of butin. This giucoside does not decom¬ 
pose readily during the dyeing process, hence the 
flowers do not dye mordanted cotton. In wool- 
dyeing, where acid-baths are omployed, a better 
result is obtained, although in this case the 
shades pjssess but little strength. If the 
•giucoside is first hydrolysed by boiling tho flowers 
wjfh dilute hydrochloric acid, or ii sulphuric 
acid is employed, afid the acid then neutralised 
with sodium carbonate, on evaporation a 
material is obtained which readily dyes by the 
usual methods. Such products give the follow¬ 
ing shades : with chromium, deep terra-ootta; 
with aluminium, a bright orange ; with tin, 
bright yellow; and with iron, a brownish-olive. 
The chromium colour is characteristic, and is 
much redder in tint than that yielded hy any 
known natural yellow dye. A. (? P. 

BUTEA GUM. Tho juice of Buka frondo.su 
(Hoxb.)f often sent into the market instead of 
genuine kino. It forms black-brown, slightly 
lustrous, brittle lumps, has an astringent taste, 
and yields pyrooatechin by dry distillation. V. 
Kifcro. 

BUTINENES C 4 H,. 

1. Erythrene, vinyl-ethylene or pyrrikne, 
un.: tfH’CH : CH„ occurs in coal-gas and is 
said to be formed by passing fusel-oil through a 
red-hot* tube. Obtained by boifing erythnto 
with strong lormio aoid or by the action of 
potassium hydroxide on di-methylpyrrolidine 
methyliodide. Also by condensing acetaldehyde 
with ethi^ alcohol in presence of alumina or other 
catalyst. Forms a tetrabromide, m.p. 119°. 

•> • 

1 Thtf'reMttt has been criticised by GKJsohker and 
Tambor, who by t»» employment of mordanted calico 
obtained from butin very weak shades. It Is, however, 
ot mordanted wool a conversion 
of butiu$fato butein occurs. I 

. f * 


2. Ethyl-acetylene CH 3 -CH,*CjCH. Obtained 
by touting methyl ethyl ketone with alco¬ 
holic potash and phosphorus pentachloride, or 
by passing •acetylene and "ethylene through a 
red-hot tube. Forms a tetrabromide, m.p. 113°. 

3. Crotonylene CH a *C;C‘CH 8 . Obtained by 
acting on butylene bromide*or di-bromo-butane 
with alcoholic potash, or by distilling barium 
acetate with sulphur. Dilute sulphuric acid 
converts it into hexa-methyl-benzene. 

A butinene is also formed by the destructive 
distillation of caoutchouc. 

BUTTER. Butter is the fatty product pre- 
I pared from the milk of the cow. Wher. similar * 
I substances are obtained from the milk of Other 
mammals, their origin is indicated in the descrip¬ 
tion, e.g. goats’ butter, buffalo butter. Fatty 
food substances of vegetable origin and similar 
to butter in consistency are also sometimes 
described as butter, but with a prefix, as vege¬ 
table butler, cocoa-nut butter. 

Butter consists of milk- or butter-fat, with 
water, and Bmall quantities of milk proteins, 
lactose, mineral salts, and natural colouring 
matter. The proteins and lactose, together 
with the mineral matter associated therewith, 
are spoken of collectively as curd. Commercial 
1 butter may also contain common salt, preserva¬ 
tives, and colouring »mattor, added during 
manufacture. The added salt and preservatives 
are not included with the ourd in giving the 
composition of butter, but are separately esti¬ 
mated. 0 * 

Fat exists in milk in the form of minute 
globules in a state of suspension in the milk 
serum. In the process of churning, the fat 
globules coalesce, producing irregularly-shaped 
granules of butter. •‘These a$e strained from the 
serum, or buttermilk, washed with water, and 
worked into a Was on a table by means of 
mechanical rollers, or, as in older processes, by 
hand. Salt, preservatives, colouring matter, 
are added, if desired, after washing the butter 
i granules with water.. 

As regards the influence of salt on the 
changes taking place in storage it has been 
found that unsalted butter in commercial cold 
storage keeps as well*us, or better than, salted 
butter. According to Washburn and Dahlberg 
(Bull. Agric. Intel!. 1918, 9, 996), salt, exclusive 
of its antiseptic property, hastened the deteriora¬ 
tion of butter; when stored at —25° ( — 15° F.), 
unsalted butter kept as well as Baited butter, 
and the bacteria decreased more rapidly. On 
the other htnd, they, as well as the acidity, 
Increased more rapidly in the unsalted butter 
at ordinary temperatures. 

According to D. C. Dver (J. Agric. Research, 
1916, 6, 927) the unpleasant flavours which 
develop in butter during cold storage are 
produced by chemical change in non-fatty 
ingredients. 

Milk pay be directly churned for the purpose 
of obtaining' butter, and, in some remote 
districts, this process is still followed. It is, 
however, usaal to chufn cream; that is, the fatty 
layer which rises to the surface on allowing mills 
to stand or on subjecting it to centrifugal 
action. • 

Cream maja be churned in a fresh condition 
before souriip; has tfckenmlace. In such a case, 
the period of churning is longer, and the opera* 
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tion must be carried out at a lower temperature 
than when ripened oream or milk is employed. 
It is therefore usual to churn ripened cream. 
The ripening may be effected by "standing the 
cream, and is accelerated by the aC&ittoii of a 
little buttermilk or pure culture starters con¬ 
taining suitable bocteria. The taste of cream 
is affected by oertain moulds (Oidium lactic, and 
P. chrysngenum), and the enzymes secreted by 
them may develop abnormal flavours in the 
butter. Mould spores do not germinate or 
grow in butter. 

Various views are held as to what takes 
place during the operation of churning. Fleisch- 
mann (Book of the Dairy, 159) states that ‘ the 
milk-fat is converted from fluid to solid condi¬ 
tion by the shaking which it undergoes,’ that is, 
that churning results in the solidification of fat 
which in milk is in a supervised condition. On 
the other hand, Richmond’s results (Dairy 
Chemistry, Ap. 339) would indicate that the 
fat before churning may be in a solid condition. 
Whether fat as present iji milk is surrounded 
with some form of mombrame (Bdchamp, Storoh) 

S r with a thin watery covering (Fleischmann) 
e mechanical operation of churning appears 
to rub away or remove the protective coating, 
and thus enable the milk globules to coalesce, 
forming butter. As t{j the theories regarding 
the structure of the fat globules in milk, sec 
papers by Storoh (Analyst, 1897, 22, 197), Beau 
(Revue Ge'nrialc du Lait, 2, 15, 1903), and 
Richmond (AnfJyst, 1904, 29, 185). 

The quantity of water remaining in finished 
butter is governed by the conditions of manu¬ 
facture. Churning at too high a temperature 
renders the removal of excess water during 
Working difficult. It results in over-worked or 
‘ greasy ’ butter; or butter with an excessive 
quantity of water. The maximum limit per¬ 
missible in England for water in butter is 10 p.o. 
Canada, Queensland, Holland, have the same 
limit. Victoria haB 15 p.o.; Germany, 16 p.o. 
for salted, and 18 p.c. for unsalted; and Belgium, 
16 p.o. 

The proportion of curd may vary from 0-2 
to 2-0 p.o. according to mothod of manufacture, 
lower quantities being present where freshly 
separated cream is churned than in tho oase of 
ripened cream. Well-made butter rarely con¬ 
tains so high a quantity as 2 p.c., and where this 
quantity is found, examination should be made 
for the presence of added non-fatty milk solids. 
The Government Laboratory has found (Jour. 
Board of Agric. 1912, 19, 750) thtt quantity of 
ctfXi in imported butter tp range from 0*4 td 
1 *86 p.c., average 1*04. Out of 366 samples 
only 11 contained more than 15 p.c. of curd. 
Butter taken from factories in Great Britain 
ranged from 034 to 1*86 p.c., in Ireland from 
0*53 to 1*87 p.c. No limits have been fixed 
as to the non-fatty milk solids permissible in 
butter, but the Butter and Margarine Act, 1907, 
gives power to the Board of Agrioufture and 
Fisheries to make regulations on the point. 

Van Slyke and Har^J. Ameib ChSin. Soo. 
1005, 27) state that when 0-5 p.c. or over of 
lactic acid is in the cteam, the casein is present 
in the butter as caSein lactate, «but in butter 
made from sweet cream as calcium casein. They 
also make suggestions \pth regard to the 
relation between casein compounds and mottled 


butter. 9 Riohmond (Analyst* 1906, 31, 178) has 
found the average amount of oasein to be 
0-38 p.o. 3 , and not to excee<$l)-5 p.o. <p 

Tne mineral matter in laitter (to, which no 
foreign substance has been added during manufac¬ 
ture) consists of the inorganic substances delved 
from* the buttermilk enclosed within the butter 
granules, and from the caseous matter adhering 
to the fat. It is really the ash of the curd, or 
the son-fatty milk solids of the biittri*. 

When butter is heated, the fat melts and 
separates from the aqueous, curdy portion. 
After allowing this to settle, the fatty layer is 
filtored through a warm funnel, and the fat 
obtained as a clear oil, usually of a yellow colour, 
but under certain conditions almost colourless, 
sotting to a granular crystalline mass. The fat 
so obtained consists of glycerides of fatty acids 
together with tho natural or added colouring 
mattor, if any, of the butter, and some ufiaaponi- 
fiable substances, e.g. cholesterol, associated with 
the natural fat. The total quantity of the 
unsaponifiablo matter does neffc exceed 0-4 p.c. 
(Bomer, Zeitsch. Nahr. Genussm. 1901, 4, 
1070). * 

The glycerides of butter-fat contain butyric, 1 
caproic, caprylic* capric, lauric, myristio, 
palmitic, stearic, and oleic acids, as triglycerides, 
with, possibly, a small quantity of monOr and ch- 
glycerides. Bell has shown the presence of 
‘ mixed ’ glycerides, and describes (Chemistry of 
Foods, 45) an oleopalmitobutyrate. Browne 
(J. Amer. Chem. Soc. 1899, 613) finds 1*0 p.c. 
of dihydroxystcaric acid; but Lewkowitsch 
throws doubt upon the presence of any hydroxy 
acids (Oils and Fats, 4th ed. ii. 067). The 
composition, as given by Boll (Chem. of Foods, 
48), is compared with that given by Browne (J. 
Amer. Chem. Soc. 1899, 21, 807). y 

100 parts of fat on saponification y&M : } 



Bell 

Browue j 

Butyric acid 

*613 

5*45 


Caproic „ 


2*09 


Caprylio „ 

2*09 

0*49 

2-90 

Capric „ 

- 

0-32 


Lauric „ 

— 

2-57 


Myristic . . 

9 

9-89 


Palmitic „ ., 

49*46 

38-61 

50-33 

Stearic „ . . ! 


1-83 


Oleic „ 

3610 

32-50 


Dihydroxy stearic acid 

— 

1-00 



Siegfield (Zeitsch. Nahr. Genussm. 1912, 24, 
45) found no stearic acid, and Smedley (Bio. 
Jour. 1912, 6, 451) found 10 p.c. of stearic acid 
in butter fat. Holland, Reed and Buckley 
(J. Agric. Research, 1916, 101 ; ibid. 1918, 719) 
have also found high proportions of stearic acid 
present. They found the percentage quantities 
of van ous acids in butter-fat as follows : fcptywo 
acid, 3*153 ; caproic acid, 1*360 ; capryhc acid, # 
0*975; capric acid, 1*831; lauric acid lS >6;895; * 
myristic acid, 22*618; palmitic arid, 19*229; 
stearic acid, 11*384; oleic acid, 27*374. These 
results were obtained by esterification of the 
butter-fat, and subsequent fractionation of the 
resulting esters. For details the original paper* 
must be consulted. 

Caldwell and Hurtley (Chem. Soon Trans. 
1909, 95, 853) have fractionallyjdistilled samples 
of butter fat in the vacuum of the cathode 
light, and determined oertain values of the 
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distillates. They conclude that therd is no 
tributyrin in butter-fat, and probably no tri¬ 
olein* the oleic acid«being distributed alnong the 
glyoerides present^ most of it as oleoritearo- 
palmitin/ Caldwell and Hurtley ( l.c .) have also 
similarly distilled the fatty acids. According 
to Amberger (Zeitsch. Nahr. Genussm. 191$, 35, 
313} butter-fat contains a small quantity 
(2‘4 p.c.) of triolein; the greater part-of the 
oleic acid ee:i£ting as mixed glycerides. Butyric 
and other volatile acids are also present as mixed 
glycerides; tributyrin cannot be isolated. 
Examination of the alcohol-soluble portion of 
hydrogenised butter-fat shows tVat the original 
fat contains butvrodiolein, butropalmito-olein 
and oleo-dipalmitin. 

The most characteristic feature of butter-fat 
is the presence of fatty acids soluble in water 
and volatile !n steam ; and the earliest work on 
butter #^as directed to the estimation, directly 
or indirectly, of butyric acid, the largest con¬ 
stituent of the soluble or volatile portion. 

Hehner and ingoll (Butter : its Analysis and 
Adulterations, Churchill, 2nd ed. 1877), following 
the suggestion of Chevreuf, proposed in 1874 to 
obtain the butyric acid by distillation of .the 
acids liberated by dilute sulphuric acid after 
saponification of the fat with alkali. In con¬ 
sequence of the variation in the results, they 
proposed the determination of the acids insoluble 
in water, Dupre subsequently adding in the 
same process the titration of the water-soluble 
acids (Analyst, 1876). The quantity of insoluble 
fatty acids is frequently spoken of as the 
‘ Hehner value.’ Tho process consists in saponi¬ 
fying a weighod quantity of the fat with alcoholic 
potash, liberating the fatty acids from the 
aqueous, alcohol-free, soap solution with excess 
of dilute sulphuric acid, filtering and washing 
^with hot water the insoluble acids, finally weigh¬ 
ing those, and titrating the dissolved acids. The 
quantity of soluble*acids usually falls between 
4-2 and 6-0 p.c. (calculated as butyric acid), and 
the weight of the insoluble acids between 90 and 
87‘5 p.c. 

Reichert adopted a modification of Chevreul 
and Hehner’s distillation of tho butyrio acid, 
operating with a definite quantity of fat under 
prescribed conditions, and*tlius avoiding tho 
necessity of the distillation of the whole of 
the volatile acids. Reichert took 2*5 gif.ms of 
fat; and the number of cubic centimetres of deei- 
normal alkali required to neutralise the distillate 
from, this quantity, operating as described, waB 
the original Reichert number (Chem. Soc. Trans. 
1879, A, 406; Zeitsch. anal. Chem. 1879, 18, 68). 
Meissl suggested the use of 5 grams of fat 
(Chem. Soc. 1880, A, 828), and Wollny added 
a number ot modifications (Chem. Boo. 1888, 
A* 20(Jj. This process was adopted by a com¬ 
mittee consisting of the Principal of the 
Govetf^nent Laboratory and members of the I 
Society of Public Analysts, as the method to be 
used in the estimation of butter-fat in margarine 
(Analyst, 1900, 25, 309). The conditions of 
distillation must be strictly observed, as the 
safcole of the volatile aoid is not distilled during 
the experiment. Richmond (ibid. 1895, 20, 
218) fouffll only 8 3 p.o. of the totll volatile acids 
in the distillate.^/ensen’s results oonfirm this 
(Zeitsch* Nahr. Genussm. 1905, 272). Leffmann 
, aunl Beam used soda dissolved in glyoerol far | 


the Bapomtoation (Analyst, 18&1,16.153). The 
details o^tho process, ac adopted by the Oom* 
mitteQ,* i#e; 5 grams of dear, melted fat ire 
weighed into a flask of a Capacity of 300 o.&» 
and #a|Kn^3ed with 2 o.c. of soda (prepared by 
dissolving sodium hydroxidl in equal weight of 
water), and 10 0 . 0 . of alcphel, by heating on % 
hot water-bath under reflux condenser for 15 
minutes. After evaporation of the alcohol, 
the dry soap is dissolved in 100 c.c. of hot 
water, 40 o.c. of normal sulphuric aoid and a 
few fragments of pumioe are added, and the 
flask connected with a condenser* / It is .then 
heated so that 110 0 . 0 . of distillate tee collected 
in about 30 minutes. The dutilktels shaken, 
100 c.c. filtered off, and titrated with deoi- 
normal alkali, using phenolphthaleln as indi¬ 
cator. (Further details as to size of flaBk, tubes, 
still-head, condenser, will be found in the Analyst, 
1900, 25, 309.) The number of oubio oentimetres 
of decinormal alkali required for neutralisation, 
when multiplied by M and corrected to 5 grams, 
is the ‘ Reichert-Wotyny number.’ 

The proportion of volatile acids in butter- 
fat varies. In the late autumn season, in tho 
case of cows fed in the open, the butter-fat 
contains less butyric acid than it does during 
the spring and summer. Towards the close of 
the lactation period, bytter fat also shows a 
depreciation in the amount of volatile acids. 
Among other factors affecting the character of 
the fat are the nature of the food, and tho 
sensitiveness of the cows to prying climatic 
conditions and their surroundings. Hence the 
uncertainty as regards the limits that should be 
adopted. In the case of butter made from the 
milk of mixed herds, when the influence of 
individual cases ddia not geriously depreoiate 
the butter from the whole herd, the proportion 
of volatile acidf under ordinary conditions of 
feeding and housing reaches a maximum in 
April-May-Juno, and is at a minimum in 
October-November. Lewkowitsch has collected 
a number of results Representing the produoe of 
different countries (Oils and Fats, 4th ed. ii. 686), 
Although the milk from individual cows or small 
herds may, in consequence of special circum¬ 
stances, occasionally wield butter fat giving a 
Reichert-Wollny number below 24, the butter 
from the mixed milk of herds under normal 
conditions usually has a ReicherUWollny number 
falling between 24 and 32. The Committee on 
Butter Regulations appointed by the Board of 
Agriculture in this country reoommended that 
the figure 2# arrived at by the Reichert- Wollny* 
fnethod, should be the limit below which & pre¬ 
sumption should be raised that butter is not 
genuine (Com. on Butter Regns. Report, Od. 
174.), 18). France his fixed a minimum limit 
of 24 ; Germany, * of 25 ; Sweden, of 23 { the 
United States, of 24 ; Italy declares butter with 
1 a Reichert-Wollny number below 20 adulterated, 
between 20 and 26 suspicious, above 26 pure; 
Belgium'declares butter to be abnormal, and ite 
sale is prohibited, if the Reioherfc- Wollny number 
falls bdlow 28. and ifrjn addition the fat has a 
Zeiss number above 44 at 40°, a sp.gxv below 
0-865 at 100°, a saponification value below 222, 
and a Hehner*number abofe 86-5. 

Handby Ball (Analyst, 1907, 32, 202) *ivte 
results of butters pzgducqd in Ireland, and enters 
that during &e moutngof December and January, ~ 
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whn! the output of milk is loweetyfiMteeichert- 
Wflfjny number frequently falls Wtipm The 
lowest numbers occur when the nf||lip^(*rived 
from cows at the end of the lactatio^Wtod. 

•Brownlee (Jour. Dept. Agric. foMwland, 
1910, 10, 438) has ffcblished results of apalyses 
of Itish butter produced in 1908-9. He found 
16-2 p.c. of samples below 24,11*4 p.c. below 23* 
5*5 p.c. below 22, and 1*4 p.c. below 21. The tables 
given* by Brownlee show that throughout the 
year the Reichert-YVollny number varies in each 
case with th^percentage output of butter from 
the partxcul(|p5i|iry, and the results confirm the 
opinio* thAttOTut chief factor influencing the 
Reuhert-\ffin is the lactation period 

6f the cows <lp|$yfeg the milk. 

The conclusion that butter is genuine because 
the Reichert-Wollny exceeds 24, may be erro¬ 
neous, as this number may bavo been the result 
of mixing’genuine butter having a high Reiehorfc- 
Wollny number with some other fat. On the 
other hand, butter falling below 24 may be 
genuine but abnormal. Ip order to be in a 
position to establish the genuineness of%utter, 
the Netherlands Government has organised a 
system of butter control, by means of which the 
associated creameries are frequently inspected 
and the butter produced regularly analysed. 
Consignments from the Victories bear a govern¬ 
ment label, giving particulars of origin, so that 
the officials can traoe the butter and ascertain the 
Reichert-Wollny number of the butter produced 
at the creameryL 

Higher homologues of butyric acid volatilised 
In the steam during the Reichert process do not 
wholly dissolve in the distillate, and the deter¬ 
mination of the insoluble portion affords another 
index to the character of the fat, as will be seen 
later. 

Butter-fat has a sp,gr. ate37*8°/37*8° of 
0-910-Q-913 (Thorpe, Chem. Sbc. Trans. 1901, 
249). The individual data in Bell’s results 
range from 0-9094 to 0-9139, but he states the 
ordinary range is 0-911 to 0*913. The sp.gr.♦is 
affected, by prolonged heating of the fat and also 
by the storage of the fat for a lengthened period 

The reading with the Zeiss butyro-reiracto- 
meter at 45° falls usually between 38 and .42. 
In 371 samples of genuine butter examined, the 
range was 37 to 45 (Com. on Butter Regns., 
Ap; 585). Excluding 14 exceptional butters, 
the average range was 39*4 to 42-0 (£hem. Soc. 
Trass. 1904, 249). (Zeiss readings are taken at 
various temperatures by different observers. 
To convert the scale divisions ob«rved at a 
lovWr temperature into scale divisions at a* 
higher temperature, deduct 0-55 of a division 
for each degree of temperature that the reading 
has been taken below the required temperature; 
conversely, add 0-55 of a division fof eaoh 
degree of temperature that the reading has been 
taken above tne required temperature). 

The saponification value of the fat was 
suggested by KoStstorffer (FrdL 1879, 199), and 
is frequently known as the Ko&tstorffer number. 
It is the quantity of potqgh expresagd iff milli¬ 
grams required to saponify 1 gram of fat. The 
glycerides in butter-fat contain aoida of com¬ 
paratively low molecule weights; inconsequence, 
the quantity of potash for saponification will be 
relatively high when qpmppred with fats in 
*>which the glycerides contain only aSids of high 
VPL. i-JP* 


molecular weight, as in animal fats in general. 
Butter-fat gives figures on the average between 
219-J and 232-5 (Thorpe). *-Kb8tstorffer^ave 
227 as a mean figure. This falue beaja a close 
relationship to the Reichert number. * 

The iodine value varies considerably, falling 
between 26-0 and 35-0 (HUbl), 29*0 and 43*0 
(JenBen), and 26-0 and 38-0 (Wollny). • 
The* various data show tfieu: dependence 
upon one another, within certain limits, when a 
comparison is made. This parallelism is shown 
in the following table (Thorpe. Chem. Soo. 
Trans. 1904, 254) 
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The examination of butter comprises: (1) 
the determination of water, fat, curd, salt; (2) 
examination of the fat; (3) examination of the 
butter for preservatives, colouring master, and 
substances foreign to butter. * 

1. Water. The sample for examination 
should be not less than 50 mams, and should be 
placed in a bottle and closed securely with 
screw-cap or stopper. The bottle is then heated 
at a temperature of about 50° until the butter- 
fat has melted, when it is vigorously shaken to 
emulsify the fat and watem The shaking is 
continued while the bottle and contents oool, 
until the butter is ?>f the consistency of thick 
cream. From 0 to 8 grams are then weighed 
into a iat-bottomed dish, in whioh is a glass rod 
with Battened end. The dish is heated on a 
steam-bath for an hour with frequent stirring 
of the butter, after which it is cooled and weighed. 
It is again heated until the weight is constant. 
The operation is considerably accelerated by 
using aluminium dishes, heated, on an aluminium 
hot plate adjusted to a temperature of 100° to 
105°.. 

Patriok (J. Amer. Chem. Soo. 1906, J613J* 
carries out the estimation of the quantity of 
water by cautiously heating 10 grams of Gutter 
in an aluminium vessel over the direct flame, 
taking care to avoid over-heating. 

In Gray’s method (U.S. Dept of Agrio., 
Bureau of Animal Industry, Circ. 100) 10 grams 
of butter, weighed on a parchment p^>er, art 
placed in a flatjk together with a little amyl- 
acetate, and the flask directly heated* The 
flask is connected with a wibrated tube 
arranged as a reflux condenser, the oondenaed 
water and amyl acetate being collected in « 
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bulb at the bottom of the tube. When all the 
water is driven off, the tube with the^ bulb is 
removed, and inverted, the volume of Tjater 
being measured ii£ the calibrated portion. 

Othef methods are Henzold’s (in whiok 
pumice is mired with the butter) and Wibel’s 
(J. r Soc. Chem. lnd. 1893, 630). 

< Fat. The butter from which the moisture 
has been expelled is extracted with ether, 
filtered frofn curd and shit, and, after evapora¬ 
tion of the solvent, is dried and weighed, or the 
matter insoluble in ether is weighed, and the fat 
taken by difference. The fat may also bo 
estimated by the Gottlieb method : 2 grams of 
butter are washed into a graduated burette tube 
with about 8 c.c. of warm water, and mixed with 
1 c.o. of ammonia (sp.gr. 0*880) and 10 c.c. of 
alcohol, mixing well alter each addition. The 
tube is cooled, 25 c.c. of methylated ether added, 
and the liquids mixed; 25 c.c. of light petro¬ 
leum are then added, ancj the tube carefully 
inverted several times to mix the solutions. 
The volume ofathe mixed ether solution which 
separates on standing is measured, and a known 
portion removed and evay orated. 

Shaw(U.S. Dept, of Agric., Bureau of Animal 
Industry, Giro. 202) takes 25 grams of butter, 
and using a separator, washes out salt and curd 
first with hot water, and then with slightly diluted 
sulphurio acid, finally measuring the volume of 
fat. The Governments of Queensland, Victoria, 
and Germany have fixed a minimum limit for fat 
of 80 p.o.; 5taly, of 82 p.c.; and the United 
States, of 82*5 p.c. 

Curd. In the case of butters free from salt 
and preservative, the curd is the matter not 
soluble in ether or other solvent. The separate 
determination of the proteins and lactose must 
be carried out to decide whether a butter con- 
% tains aaaed non-fatty milk products. 15-20 
gjams of butter are weighed in a dish and dried 
on the water-bath frith frequent stirring. The 
fat is extracted with ether, and the ether- 
insoluble matter transferred with concentrated 
sulphurio acid to a Kjeldahl digestion flask, 
adding the filter paper used for filtration. The 
quantity of nitrogen multiplied by 6*38 gives the 
proteins. Richmond gives G*39 (Analyst, 1908, 
33, 180). 

The laotose is taken by difference, after 
deducting from the total curd the protefes and 
inorganic salts. But it is in all cases preferable 
to make a direct determination, and this becomes 
necessary when boric acid is present. The 
lactose fcnd proteins may then be estimated as 
follows : The residue from extraction with ether 
of 20 grams of butter is mixed with about 40 c.o. 
of water, made just acid with acetic acid, and 
the proteins precipitated by adding a few jjrops, 
beingjpareful to avoid exoess, of Fenling’s copper 
sulphate solution. It is then filtered on tared 
paper,* washed, dried at 100°, weighed, and 
moinerated. The weight less the ash is the 
proteins. The filtrate is made up to 100 c.c. 
and ap aliquot portion taken for gravimetric 
laotose. determination. Where sugar only is 
inquired?the residue from ether extraction may 

washed into J00 c.c. flaak. cleared with copper 
sulphite made up to 100 c.o., filtered, ana an 
aliquot portion^Bsen. The quantity of lactose 
should not exceed 0'4 p.e., and is usually much 
less. 


The matter insoluble in‘ether contains, in 
addition to the true curd and other non-fatty 
solids of milk, common salt, borax, a portion of 
the boric agid (partly in'solution in ether), and 
certain refther- preservatives, if. these have been 
added to the butter. The common salt is 
estimated by extracting the weighed quantity 
pf curd in the total curd determination with hot 
water, and titrating the solution with standard 
silver nitrate. 

2. Examination of the fat. The examination 

of the fat to ascertain its purity is one of con¬ 
siderable difficulty, since buttor adulteration has 
been directed to the admixture of fat-j prepared 
so as to give no distinctive reaction. All animal 
fats, such as refined lard and beef fat, and many 
vegetable fats used for this purpose, have 
practically no volatile acids. Hence the addition 
to butter of fats of this class reduoes the soluble 
volatile acids number. Other vegetable fats 
contain volatile acids only partially soluble in 
water. To this class belong cocoa-nut oil and 
palm-kernel oiL r 

Veritable fats, iunles9 specially prepared, 
contain phytosterol, and the detection of this 
substance establishes the presence of foreign 
fat. Other fats, as cotton seed and sesame', give 
specific reactions, and may therefore be directly 
tested for. It has, however, been established 
that the constituent giving the reaction may be 
communicated to a slight extent to milk and 
thence to butler through feeding the animals 
with oil-cakes made from theses “oeds. Positive 
reactions in these cases must therefore be^ 
supported by other evidence. With the object 
of detecting the addition of foreign fat, it is 
enacted in Bome^pountries that margarine and 
margarine fats must contaip when prepared for 
sale, a small quantity of sesame oil, as a tell¬ 
tale substance f ,V]ien butter with which such fat 
has been mixed is examined. 

(a.) The soluble volatile acids are estimated 
by the Reichert-Wollny process described above. 

w Reyehler (Bull. ^Soc. chim. 1901, 25, 142) 
proposed the extension of the Reichert-Wollny 
process to include the estimation of the volatile 
insoluble acids. Wauters (Analyst, 1901, 26, 
128) modified the Reichert process and made two 
distillations, determining the values for both 
soluble and insoluble volatile acids. 

Polenske (Zeitsoh. Nalir. Genussm. 1904, 
273) adopts the Reichert-Wollny process and 
estimates in the same operation the soluble and 4 
insoluble volatile acids. 5 grams of the fat are 
weighed into a 300 o.o. flask and saponified with 
*2 o.c. of soda solution 4 nd 20 grams of glyfllrol 
by heating the flask over the* free flame. The 
flask is cooled below 100*, and 90 o.c. of hot 
water and a little powdered pumice are added. 
When the soap is in solution the fatty aoida are 
liberated with 50 o.o. of sulphurio aoid (25 o.c. 
pure II,S0 4 in one litre), the flask attached at 
onoe to a condenser' arranged vertically, and 
heated lo that 110 o.o. of distillate are collected 
in about 20 minutes. The heating is then 
stopped, aryl the receiving flask replaoed by a 
measuring jar to oatch drainings of the oon- 
denser. The distillate is cooled to 16°, gently 
shaken, and 1 100 o.c. filtered off and titrated 
with deoinoraal soda. The number of cubic 
oentimetres (multiphedc, by 1*1 and corrected 
to 5 grams) is the Reichert-Wollny number. 
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The remainder of the distillate is poured on 
the (filter paper, and then washed Ajith three 
quantities, of 15 c.o. each, of water, each of 
which has, been passed in suocqssion through 
the condenser tube, the measuring |h*,%nd the 
110 c.c. flask. These washings are .rejected. 
The 110 c.o. flask V then placed under the 
filter funnel, and the water-insoluble acids dis¬ 
solved in alcohol by passing three quantities, 
of 15 c.o. each, of neutral alcohol, successively 
through the oondenser tube, measuring jar, and 
filter paper. The alcoholic filtrates are titrated- 
with 1/10 normal soda, using phenolphthalein as 
indicator. The number of cubic centimetres 
required is the insoluble volatile acids number. 

In butter-fat this number varies with the 
soluble acids number. Polenske (l.c.) gave a 
range of 1*35 insoluble for 20-0 of soluble, to 
3*0 insoluble for 30 of soluble. Individual 
butters may, however, give numbers outside 
this range. Rideal and Harrison (Analyst, 1906, 
31, 264) give results of examination of a number 
of English butters, ^rris (ibid. 1906, 31, 
363) snows the variation in insoIuBle acids 
number for the same soluble acids number. 
Hesse (diem. Zentr. 1 906, 1,500) states the limits 
given by Polenske should be higher. Hesse and 
Harris (Lc.) point out the importance of following 
exact details of process, particularly in regard 
to size of pumice. Harris gives varying results 
obtained by operating with pumice of different 
sizes. Beerbolini (Milch. Zentr. 1913, 513) 
states that during lactation, the R.W. number 
falls but the Polenske number rises. 

Cocoa-nut fat gives a solublo acids number 
, by this prooess of 7-9 and an insoluble acids 
number of 15-18. Hence the addition of this 
fat to butter depresses the Reichert-Wollny 
number, and increases the insoluble volatile 
acids number. At the same tilne, the Zeiss and 
iodine numbers would be lowered, and the 
saponification value would be increased. Thus, 
while the Polenske value alone might not itself 
be sufficient evidence of adulteration in cases of 
small quantities of admixed cocoa-nut fat, the 
disturbance of the co-relation between the other 
numbers would establish the presonce of the 
adulterant. Palm-kemd fat has a Reichert- 
Wollny number of 5, and insoluble volatile acid 
number of 10-12; other vegetable and animal 
fata have a total volatile acids number less than 
1. The addition of palm-kernek -oil would 
operate in a similar manner to that of cocoa-nut 
fat; animal fat would depress both the soluble 
mid insoluble volatile aoias, but the former to 
a* greater extent the latter. Thofp 

(Analyst, 1906,«31, 173) makes a second distilla¬ 
tion in the ordinary Reichert process, after 
addition of more water, and obtains an increased 
value for the total insoluble volatile acids. Ho 
gives results of examination of butters and 
mixtures. 

Muntz and Coudon (Mon. Sci. 1904, 18; 
Analyst, 1905, 30, 155) have devised* a similar 
method for determining the ratio between the 
soluble and insoluble**volatile ^acfcft. They 
saponify 10 grams of fat with hot strong aqueous 
potash, dissolve the wap in water, add pnosphorio 
acid solution, and distil 200 o.c.i using a spiral 
dephlegmator of considerable kfigth. The dis¬ 
tillate is filtered, and^he soluble acids titrated. 
(Hie insoluble acids in the condeRaer tube and 


flask, and on the paper are also dissolved in 
aloohql and titrated. They found that pure 
butters yielded from 4-79 Ij6-01 p.c. of toluble 
volatile acids (as butyric slid) and p-5 to 0*87 
p.c. of insoluble; while coooa-nut fat gave 
1*15 to 1-27 p.c. soluble, and 8 01 to 3-6$ p.c. 
insoluble. They determine the following ratios : 
insol. vol. , „ v „ 
t sol. vol. ^ 100 

for genuine butter, and 250-3 to 282-3 for cocoa- 
nut fat. 

Vandara (Analyst, 1901, 26, 320) determined 
the ratio between the total fatty acids soluble 
in 60 p.c. alcohol, and those soluble in the alcohol 
but insoluble in water. Robin (Compt. rend. 
1900, 143) practically applies the same principle 


in his method. He found that* the ratio 
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X 10 was 8-3 to 12-7 butter, 232 for nfergarine, 
and 226 for cocoa-nut fat Shrewsbury and 
Knapp (Analyst, it)10, 36, 386) remove the acids 
soluble in water, and fchet determine the 
solubility of the remaining fatty acids in dilute 
alcohol. They find#, solubility figure of 28 for 
butter and 163 for cocoa-nut fat. It has been 
shown (Caldwell, and Hurtley, Analyst, 1909, 
34, 274) that launo and fliyristic acids are the 
chief constituents of cocoa-nut fattyrfwids, but 
that these acids are only present to a slight 
extent in butter; and those processes are 
therefore based upon the solubility in 60 p.o. 
alcohol and insolubility in water* of these acids. 
Fendler (Zeitsch. Nahr. Genussm. 1910, 19, 544; 
Analyst, 1910, 35, 355) has a similar .process. 

Av^-Lallemant (Zeitsch. Nahr. Genussm. 
1907, 14, 317) precipitates the neutralised, 
alcohol-free soap solution with barium chloride, 
and determines the baryta values fojMbhe soluble 
barium salts, and for the insoluble barium salt* 
He finds that normal butter has insoluble baryta 
value of 247 to 251, and soluble baryta value of 
50 to 65. The value [insoi. — (200-f soluble)] is 
negative for butter, whereas other fata have a 
positive value not less tb*n 39. (See also 
Fritzsche, Zeitsch. Nahr. Genussm. 1907,14, 329.) 

Ewers (ibid. 1910, 19, 52f>) proposes a method 
depending upon the different solubility of the 
magnesium salts <Tf the fatty acids, and on the 
varying solubility in petroleum spirit of the 
fattja acids from the soluble magnesium salt*. 

Various methods have been proposed to 
distinguish between cocoa-nut fat and butter 
fat by means of the solubilities of the silver 
salts of the distilled acids in the Reicho-t-Wollny 
process (K. Jenson, Analyst, 1905, 30, 396; 
O. Jenson, Zeitsch. Nahr. Genussm. 1905, 10, 
265 ; Kirsonner, ibid. 1905, 9, 65; Wijsman and 
Reiisfc, ibid. 1900, 11, 267; Dean, Ann. Chim. 
anal. 1906, 11, 121). Of these, tho m^hod«of 
Kirschner has been much used in this ooontry in 
connection with the Reichert-Wollny-ffolenske 
process. As it gives a measure of the amount of 
Dutvrie acid present, and eliminates the reading 
in the ordinary R.W. prooess due to the presence 
of other soluble volatile acids, it is of special 
value for the detection in butter of*nargariuft 
mixtuses containing cocoanut or paim-aemg} 
fats. The Kirschner process is earned out at 
follows: To the 100 c.c.enrhich have been 
neutralised with baryta for Hie R.W. No. 
0-5 gram of Ag,SO« is added, tnid after standing 
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(or J hour with occasional shaking, the liquid is 
filtered through a dry paper. 100 c.c. are token; 
35 o.<a water, 10 c.fl»of dilute H,S0 4 (as in^he 
Polenske method),“'and a piece of aluminium 
wire are added,- and the distillation carried out 
as bpfore, 110 cm. being collected in 20 minutes. 
100 c.c. are titrated and the Kirsclmer number 
obtained as follows :— 


K=;rX 


121^100+y 
100 100 


u 


(x=titration value of 100 o.c. less blank*.) 
(y=number of c.c. of Baryta solution used in 
titration of original R.W. No.) •* 

Bolton and Rovls (Analyst, 1911 333) and 
Bolton, Richmond, and Revis (Analyst, J912, 
183) give the results for a number of mixtures, 
and formula qfid curves for the calculation of 
the amount of ooooanut or butter-fat present. 
They suggest the following table for the re¬ 
lation between the Kirscnner and Polenske 
numbers : 

KhschnJlr 
20 
22 
24 
26 


Polenske 
1-60 
t 2-10 
2-65 
*•20 


Cranffeld (Analyst, 1915,441) gives the B.W., 
Kirschner, and Polenske values for a large number 
of butters analysed at the Midland Agricultural 
and Daily College, showing similar relations 
between the Kirschner and Polenske figures. 

Bolton, Richmond, and Revis point out that 
if an allowance of ±1 is made in the Polenske 
value corresponding to any particular Kirschner 
value, the presence of less than 5 p.c. of cocoanut 
fat will cause the Polenske value to fall outside 
the limit,except in cases of special feeding of 

tDWS. 

,Doos (Zeitsch. Nahr. Genussm. 1908, 15, 75) 
has modified the process. The mixed fatty 
acids are treated with water to remove the 
soluble portion. Caprylic acid, which remains 
behind with the insoluble acids, is removed by 
distillation, and estimated in the distillate by 
preoipitation with silver nitrate solution. Pure 
"butter-fat gives a value 1*6 to 2*0 and cocoa-nut 
fat 5-3. 

Juokenack and Pasternack (Zeitsch. Nahr. 
Genussm. 1904, 7, 193) proposed to deteAnne 
the presence of cocoa-nut oil in butter from the 
relationship between the Reichert - Wollny 
number and the saponifioation value. They 
point outfthat according to the formula [R.W. 
—(sapon. value—200)] butter fluctuates between 
—8-5 and 4*4-25. For cocOa-nut oil its value is 
—47. Harris (Analyst, 1906, 31,355) has shown 
that the method of reasoning suggested u of 
n<f valqe for small admixtures of cocoa-nut fat 
with butter. 

PaalSind Amberger (Zeitsch. Nahr. Genussm. 
1909, 17, 23) distil sepacated solid fatty acids in 
a current of steam in special flask, and precipi¬ 
tate the cadmium salts in distillate. 

* Hanna (ibid. 1907, 13, 18) and Harms and 
St*kl (Mt 1908, 15, 577) and Fendler (ibid. 
1$10, 19,544) propose methods b«sed upbn the 
distillate of the ethyl esters of the fatty acids. 
Fendler prepares'lBb esters after the manner of 
Henriquee (Analyst, 1898, 23, 181) and oollects 
the esters boiling below 300*. This fraction f 
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would include the ethvl eaten of the acids up to 
and including myristio acid. The volume m 
the oase of butter ranges from 2*5 to 6*1; cocoa- 
nut fat, 40 to.42; and lard, 0*5 to 1*1 o.o. 

CalcPttofi and Hurtley (Ic.) state that small 
quantities of cocoa-nut fat ban be detected by 
tne fractional distillation oin .a high vacuum of 
the fatty acids. 

(6) The foregoing tests for the detection of 
the adulteration of butter-fat are based upon the 
disturbance of the ratio existing in normal or 
average butter-fat between the proportions of 
soluble and insoluble acids. It has, however, 
been shown that speoial feeding may a2eot this 
relationship and produce butter giving abnormal 
results. Uncertainty as to the conclusions to 
be drawn may bo lemoved i£ direct evidenoe is 
obtained from the application of speoifio tests. 
Tho following qualitative tests may be applied 

Phytosterol test for delection of vegetable fats 
(Bomer, Zeitsoh. Nahr. Genussm. 1901, 4, 1070, 
and 1902, 5, 1018).-—The absolute alcohol 
extract of the unsapenifiable matter from 100 
grams oi fat is treated with aoetic anhydride, 
the exoess of which is removed, and the aoetates 
dissolved in alcohol, crystallised, and recrystal¬ 
lised several times. Cholesteryl acetate melts at 
113-5* to 114-5*, while the melting-point of 
J’hytosteryl acetate is about 129*. If tne melt¬ 
ing-point of the mixed aoetates from the sample 
under examination is between 116° and 117°, it 
is probably adulterated with vegetable fat; if 
above 117°, vegetable fat is ce/toinly present. 
The tost is not of value if paraffin wax is also 
present. 

Hinks ’ test for cocoa-nut fat (Analyst, 1907, 
32, 160).—5 o.o. of, the fat are dissolved in 
10 c.c. of ether, and the solution cooled in ice. 
After half an hour, it is rapidly filtered, the 
ether evaporated«from the filtrate, and the fatty 
residue dissolved in 96 p.o. (vol.) alcohol. The 
solution is cooled to 5* for 15 minutes, filtered 
rapidly, and the filtrate cooled to 0°. The 
deposit which separates at this temperature is 
then examined on a oold slide under a power 
of about 250. Butter fat yields a deposit 
of round granular masses; cocoa-nut fat, fine 
needle-shaped crystals • and mixtures of butter 
and ooooa-nut fat, fine feathery crystals attached 
to the granular butter masses. The test is 
capable of detecting 5 p.o. of ooooa-nut fat in 
butter fat. • 

Badouin test for sesatni oil. — 5 o.o. of the fat 
are mixed in a tube with 5 o.o. of HQ (sp.gr. 
1*19) and 0*f c.c. of a 2 p.o. furfnral solution. 
The mixture is well shaken and allowed to stofRi. 
The aqueous layer which separates assumes a 
reddish colour in presence of sesamtf oil Butters 
ooloiired with some aniline dyes give with hydro- 
oblorio acid a pink-to-violet colouration, and in 
such a oase the acid and fat mixture must be 
heated until colourless before the addition of 
the fnrfujal solution. 

Hal'pKcn test for cotton seed oil.—0 o.o. of the 
fat are dissolved in 5 o.o. of amyl alcohol, i o.c. 
of a eolifKoneof sulphus in carbon disulphide is 
added, and the mixture hotted for 20 minutes 
at 105* in a brine-bath. red colouration is 
produced in ptecenoe of cotton-seed oil Thm 
ohromogenetioevubstanoe may, however, in 

feeding cows^th cotton cake; and a pos&ivo 
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enaction must b\ confirmed by other data of | soda* used after the solution was neutral to 
the examination. t laomo;d indicates the p ropo rtion of borlo aoid 

(e) The specific gravity and the Zeiss reading present. A control expjiment should be 
should be taken and considered in conjunction carried out with pure butte# and indicators, 
with and relation to the data for tHb •Reichert- The Committee on Preservatives in Food 
Wollny number, saponifioation and iodine recommended that borax or tone acid should 
values. - • « b£ the only preservative allowed in butter, and 

Of other physioal methods there may be that the quantity should not exceed 0’9-p.G. 
mentioned: calculated as boric acid. * , 

Valenta test .—3 o.o. of fat are dissolved in » ( b ) Formalin is aeteoted by tie application 
tn equal volume of glacial aoetio acid, and then of Hehner’s test (Richmond, Analyst, 1890, 21, 
allowed to cool while being stirred with a ther- 92). A little milk is added to the aqueous layer 
mometer. Immediately a turbidity is noted, the from melted butter, and the mixture poured on 
temperature is read. A modification introduced to the surface of sulphurio aoid oontaining a 
byJean is to measure the volume of aoid dissolved trace of ferrio chloride. In presenoe of formal¬ 
in the fat at 50°. (For recent investigation of dehyde a blue ring appears at the juncture of 
factors affecting the Valenta test, see Fryer and the aqueous and acid layers. 

Weston, Analyst, 1918,43,3.) (c) Fluorides. Fluorine is detected by eva- 

Cnsmer test. —This method is an official porating the aqueous portion rendered alkaline 
one in Belgium. 0-5 c.c. of melted fat and 1 c.c. f r0 m about 30 grams of butter, incfierating, 
of absolute alcohol are placed in a tube fitted and heating the ^sh in a platinum crucible 
with cork and thermometer, the bulb of which with strong sulphurio acid. The crucible is 
dips into the liquid. TJi« tube is gently heated covered with a watch-glass toated with wax 
inside a larger tube untfl the liquid •becomes through which a mark or design has been scratched 
homogeneous. It is then allowed to cool, and with a fine instrumqfit. In presence of fluoride, 
the temperature noted when turbidity appears, the glass will be etched. 

This point is the critical temperature of dis- 0. and C. W. Hehner (Analyst, 1902, 27, 
solution (Crismer, Analyst, 1897, 22, 71). 173) indicate how to renfbve the borio aoid if* 
Vandam ha-t shown htyv the alcohol used in the present before testing for fluoride. * 
test may be standardised,by means of petroleum (d) Benzoic acid and benzoates. 10 grams of 
spirit (Ann. des Falsifications, 1919,200). butter are heated for some time with alcohol 

Butter fat gives a result varying from 50'5 to acidified with dilute sulphurio acid. The 
57, whilst margarine has a value over 05 if it is alcoholic extract, after dilution*with water, is 
composed of animal fat, and under 50 if prepared extracted with ether in a separator. The ether 
from vegetable fat. The fat must be free from solution is then shaken with dilute ammonia, 
moisture and quite clear, and can generally be so and the ammoniacal extiact evaporated to 
obtained by filtration in a hot-water oven dryness in a porcelain dish. The residue is 
through a drie<j filter paper. The Crismer dissolved in water, just aoidifiod with acetio 
values of other fats are as follows: sesam6 oil, acid to ensure that no free ammoma remains, 
07*5; almond oil, 64; cotjdh seed oil, 61*5; and a drop of ferric chloride solution added- 
arachis oil, 57‘5; olive oil, 50 ; cacao butter, Benzoic aoid gives a buff-coloured preoipitajjp. 

47, tallow, 34'5 ; lard, 70-77 ; palm oil, 22 ; (e) Salicylic acid . A j^rtion of the alooholic 

cocoanut oil, 15-19'5; palm-kernel oil, 13’3 solution prepared for benzoio aoid is tested 
(Stewart, J. State Med. Igl8, 26, 312). direotly with a drop of ferric phloride solution. 

3. Examination for preservatives.— (a) Boron Salicylic acid gives a violet colour. 
compounds. Boric acid or borax is detected (/) Richmond (Analyst, 1908, 33, 116) 
by moistening a strip of turmeric paper (filter points out that formio acick and glucose are also 
paper soaked in an alcoholic solution of curcuma used as preservative agents. * 

ana dried) with a drop of water squeezed from Colouring masters. The oolour of butter 
the butter, or with the aqueous layer obtained prepared without addition of artificial colouring 
on melting the butter. The paper is then dried, matfer, varies according to the food of the oows. 
Free boric acid gives a pink colour changed to The yellow oolour is due to the yellow pigments 

green with alkali. For borax a drop of dilute which accompany chlorophyll in all green plants, 

' hydrochloric aoid must be added to the paper of which carotin and xanthophyll are the most 
before drying. • important. The pigment is not made in the 

• The borio aoid is estinyried by Richmond afld animal body, but is derived entirely from the 
Harrison’s method (Analyst, 1902, 27, 179) or by food; fresh green grass contains most, and gives 
washing the butter in a separator with hot the highest coloured milk fat. There is a 
water, evaporating the aqueous portion after difference in breed, but this is not so important 
addition of soda, incinerating, and proceeding as a factor as supposed (Palmer and Eckle^J. Bk>L 
in Thomson’s process. Chem. 1914, 17, 191). (For the detection of 

A method suitable for rapid determinations carotin in butter, see J. Jnd. Eng. Ch«n. 1918, 

is as follows: 10 grams of butter are shaken in a 614.) Winter butter from stall-fed oows is nearly 
separator with 20 o.o. of hot water anl 10 o.c. of odourless. Colouring matter is frequently 
decinonnal sulphuric arid. The aqueous layer is added to butter daring manufacture. Anna&o, 
run off after a few miryifces, and yiedfft washed turmeric, carrot juice, saffron, marigold, safflower 
twioe more with small quantities of hot water, and aniline dyes are among the artificial cokwli 
The mineral acid in the combined water extracts emplc^ed. Agitation Joe butter fat with hgt 
is then neutralised*with laomoid as indioator. alcohol will give an indication whetlser colon* 
2 grama of mannite are now added, and phenol- has been added. Cornelisd^J.- Amer. Chen, 
phthaleth. Deckbrrqpl aq#a is then added until Boo. 1908, 80, 1478) shakes thoroughly 19 g*a®s 
pink odour is permanent. Thf quantity of of melted fat with 10 to 20 grama of glaci a l 



710 


BUTTfeR, 


aoetic acid at about 35°. The acid layer is 
drawn off and tested with various reagents for 
the detection of afifline and vegetable dyps. 
Leeds (Analyst, 188v, 150) has also proposed a 
scheme for identification of dye. 

Amiatto and azo- dyes may be rapidly 
tested for as follows: 5 c.o. of melted fat ate 
plaortl in each of two test-tubes. To one 5 c.o. 
of hydrochloric acid are added, and the mixture 
shaken. Azo- ayes will impart a reddish colorr 
to the acid layer. To the second tube add 5 c.o. 
of ether, and shake, and then 5 c.o. of 10 p.o. 
potash solution. Shake and allow to separate. 
If annatto is present, the alkaline iayer will be 
coloured yellow. To confirm the annatto, the 
alkaline liquid is withdrawal, evaporated to 
dryness, ana touched with a drop of sulphuric 
add. Annatto tgives an indigo-blue to violet 
colouration. 

Cranston and Simons (J. Amer. Chem. Soc. 
1905, 27, 270) point out the jise of palm oil as 
a colouring substance, and its detection by the 
Halphen and Li#bcrmann-Storch methods for 
rosin oil. 

The further examinati^i of the butter is 
concerned with its flavour, appearance, rancidity. 
As regards rancidity, the quantity of free acid 
dissolved in alcohol n&y be ascertained, but this 
is frequently no guide to or measure of the 
rancidity,which is best judged by smell and taste. 

The definition of ‘ butter’ in the Margarine Act, 
1887 (50 & 51 Viet. c. 29) is as follows: ‘ The 
word “ butter'” shall mean the substance 
usually known as butter, made exclusively from 
milk or oream, or both, with or without salt or 
other preservative, and with or without the 
addition of colouring matter.’ 

The Butter and Margarine Act, 1907 (7 Edw. 
7, c. 21) d^ioribes milk-blended butter as * any 
njpture produoed by mixing or blending butter 
witlj milk or cream (other than condensed milk 
or cream).' By the# provisions of this Act 
milk-blended butter may contain a maximum 
of 24 p.o. of water. 

* Renovated ’ or ‘ process ’ butter is a pro¬ 
duct mainly of the United States. It is defined 
by Aot of Congress »s * butter which has been 
tubjected to any process by which it is melted, 
olarified, or refined and made to resemble 
genuine, butter.’ Butter which is unsaleable 
through ranoidity, mould growths, or <fther 
causes, is melted, and the oil separated from the 
ourd and water. The oil is then aerated by 
‘blowing* with air, and afterwards emulsified 
with fresH milk inoculated with a bacterial 
culture. It iB then churned and worked as for 
ordinary butter 

Crainpton (J. Amer. Chem. Soc. 1903, 25, 
358) gives details of analyses and tests. Several 
Biidtlar grooesses have been patented here, and 
in some factories the melting and purification 
of inferior butter is now carried on. Hence 
such products might contain crystalline fat, 
and the microscopioal examination is now of no 
value as attest for foreign fat. 

* ‘ Factory ’ butter is butter which has been 
reitorked m blended with other butter; by 
‘ 4airy ’ better is, understood buV*r made at 
the farmers homestead, whether from whole milk 
or cream; and tMPtenn 4 creamery' butter is 
lly applied to butter made from cream 
a»d by centrifugal force from the mixed 


milk of a number of herds in i&emises specially 
utilised foj* the purpose (see tne Report o%£he 
Committee of the Department of Agriculture for 
Ireland, on the Irish Butter Industry, Cd, 6092, 
1910). 1 « * 

In hot countries, owing to the rapid decompo¬ 
sition of ordinary butter, 4&e» clarified fat, free 
from water and curd, is prepared for sale, as 
‘ sohmelzbutter,* ‘ ghee.' 

Trimen (Analyst, 1913, 242) has described 
the preparation of ‘ Sainna ’ or ‘ Samn,’ the 
Egyptian product corresponding to the ‘ ghee ’ 
of India. Whole milk is churned in goatskins 
until the butter (zibda) forms. The zibda is 
collected from the villages by the samna makers, 
who heat in large pans until it melts, the samna 
being poured off from the water and ourd. Its 
keeping properties are much superior to those of 
butter, and it may be used years after it has been 
made. It is pale yellow in colour, possessing a 
smell, sometimes cheesy, sometimes acid, fre¬ 
quently rancid, and always unpleasant to 
European ideas. Both, Egyptian samna and 
Indian gfiee are largely made from buffalo milk, 
and unless artificially coloured are very pale. 
Syrian samna is generally believed to be made 
from sheep and goats’ milk. ’Trimen gives the 
results of analysis of a number of samples. (For 
other analyses of ghee, see Bolton and Revis, 
Analyst, 1910, 343; .ibid. 1911, 392; and 
Kesava Menon, J. Soc. Chem. Ind. 1910, 1428). 

G. S. 

BUTTERINE v. Margarine. * 

BUTTER SUBSTITUTES v. Margakwe. 

BUTTER SURROGATE t>. Margarine. 

BUTTER, VEGETABLE. A greasy substance 
expressed from the ljjtrnel of the Baeda butyracta 
(Roxb.), a native of North India. This grease 
is said to make excellent soap. Shea butter is 
obtained from the Butyrospermum Parkii, of 
West Africa, and'has been used in making 
candles and soap. The butter-tree of Sierra 
Leone is the Pentadesma butyracea (Subine), the 
fruit of which yields much grease, and is eaten 
by the negroes (e. Oiii and Fats). 

BUTTER YELLOW. Benzeneazodimethyl 
aniline C,H 5 -N: N-C,H,-N(CHj) t . A yellow 
colouring matter (m.p. U5°); insoluble in water, 
soluble m dilute HC1, with red colour; soluble 
in fats. Used for colouring butter (Witt. Griesa.* 
Ber. 1877,i0,528)(e. Azo- oolodbinoMatties). 

BUTTERS, MINERAL. A term formerly ap¬ 
plied to several of the metallic chlorides, t.g. 
chlorides of antimony, tin, bismuth, tine, &o. 

BUTYL. 4- univalent radica yielding four 
isflmeric mono- derivatives: » 

(1) CHs’CHyCH.-CHgX (normal); . 

(2) CB,-CB,-CBX-CB, (secondary); 

(3) (CH S ),CH-CH,X; 

(4) (CH,),CX (tertiary). 

Berm. Compounds. 

Butyl alcohol. Tetryl aloohol C,H,OH. AD 
the four possible bodies corresponding to this 
formula are known. 

1. Nogmal butyl alcohol-, butanol-, propyl 
carbinol Ch,^HyCH, ? ffH,OH; b.p. 117-42“ 
(oorr.) (Thorpe and Rodger* PhD.' Trans. 1894, 
185, ii. 536; Briihl, Annalsn, 203, 16); ap.gr. 
0°=0-8233, 20°«=0-8109, 40°~0 7994, 98-7"- 
0-7738, 20'7'i°=V809g(B.V; 1-89909, mol 

refraction—86*46 (B.). Occur* in the heavy 
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oil of Cognao brAidy to the extent of 49 p.c. 
Is o# formed in the fermentation of sugar 
produced by elliptioal yeast (Claudon add Morin, 
Chem. Soc. Trans. 1887, ii. 714). ,1s produced 
by the action of sodium amalgam u{*)p %utyryl 
chloride and butyrio acid (Saytzeff, Zeitsck. 
Chem. 1870,108; Linotmann, Annalen, lol, 178). 
Also by the fermentation of glycerol by Bacillus 
buiylicua and certain other bacteria in presence 
of calcium carbonate and various foodstuffs, 
e.g. ammonium tartrate ; the yield amounts to 
9 p.c. of the glycerol used. Butyrio acid and a 
little ethyl alcohol are also" formed (Fitz, Ber. 9, 
1348 ; Vigna, Ber. 16, 1348). Is also produced 
by the action of nascent hydrogen (iron and 
acetic acid) upon crotonaldehvde and trichloro- j 
butyraldehyde (Lieben and Zeisel, Monatsh. 1, 1 
826, 842). 

Beyerinck has shown that the Bacillus 
bulylicus of Fitz (Ber. 1882, 867) is in reality 
the butyrio ferment. The truo butylic ferment, 
Granulobacter butylicum, has been isolated in a 
pure condition, and an f account of the whole 
fermentation process is givtn (J. Soc. Chfcm. Ind. 
1894, 167 ; ibid. 969). {See also Emmerling, 
Ber. 1896, 2726; 1897, 461 ; Buchner and 
Meisenheimer, Ber. 1908, 1410.) 

Properties. —Colourless liquid, soluble in 12 
parts of water from yhieh solution it can be 
separated by means of caLcium chloride. Soluble 
in concentrated hydrochloric acid ; is readily 
oxidised to butyric acid. Fused zinc chloride 
abstracts wa*^, and yields /3-butylene and 
smaller amounts of normal butylene (Le Bel 
and Greene, Amer. Chem. J. 2, 24). 

Bromine acting on n-butyl alcohol yields, 
with some difficulty, mono-brombutaldehyde, 
b.p. 236° (j£tard,£ompt. rend. 114, 753). The 
action of aluminium amalgam on the butyl 
alcohols, producing liquid aluminium alkoxides, 
has been studied by Tistsnenko (Chem. Soc. 
Abstr. 1899, i. 408). 

2. Iso-butyl alcohol , isopropyl carhinoU 
a-hydroxy /3-mcthylpropaneLCK 8 ) 2 CH*CH a OH, b.p. 
108'4° (Linnemann, Annalen, J60, 238), 107*5° at 
766 mm., Michael and Zeidler (Annalen, 1912, 
393, 81), 107*6° (corr.l, Thorpe and Rodger 
(Pbil. Trans. 1894, 186, 4 A, 538); sp.gr. 0*7265 
at 106*674° (Schiff, Annalen, 220, 102), 0*8168 
at 0° (L.), 0-8069 at 15715°, 0*8008 at 25°/25° 
Perkin (Chem. Soc. Trans. 1884, 468); sp. 
heat=O*680 ; molecular rotation=4*936 at 17-7° 
(P.); molecular refraction=35*41 ; ^=1*4007. 

Sp.gr. of aqueous solutions (Ikiclaux, Ann. 
ciim. Phys. [5] 13, 9l): ## • 

Percentage ofaJco-U.. 5 6 10 

hol (by vol) / 

Sp.gr. of aqueous\ 0 99 50 o*9930 0'9915 0*9875 
solution at 15° / , , . 

Oooura in fusel oil from potatoes and beet 
(Wurtz, Ann. Chim. Phys. [31 42, 129). and 
combined with angelic and isobutyric acids in 
Roman oil of chamomile (Kobig,* Annalen, 


195,90). ' 

Preparation .—By the actio^ gm sodium 
amalgam and water upon /3-chloriaobutyl alcohol, 
whioh results from‘the action of hypoohlorous 
acid upon isobutylAe (Butlerom, Annalen, 144, 
24). Is formed m small quantify by the aotion 
of elliptical yeast # ujpq§ sugar or glyoerol 
(Claudon and Morin, uhe®. Socfc Trans. 1887, 


ii 714}^ By the reduction of tsobutyrio aldehyde 
with sodium amalgam (Linnemann and Zotta, 
Annaleh, 162, 11). #4 

Properties. —Colourless Iquid,. soluble in 
10*5 parts of water, from whioh calcium chloride 
causes it to separate. Smells # like fusel oil. 
Is oxidised by chromic acid into isobutyrio acid, 
acetic acid, carbon dioxide, acetone, and other 
products (Kramer, Ber. 7, 2554; Schmitt, Ibid. 
8,-1361). Zinc dusa yields wfcfcer and iso • 
butylene (Jahn, ibid. 13, 989). 

Treated with iodine and aluminium, alumi¬ 
nium triisobutoxide A1(C 4 H 9 0) 8 is formed. It is 
a liquid which may be distilled in vacuo (Glad¬ 
stone and Tribe, Chem. Soc. Trans. 1881, 6). 

Isobutyl alcohol may be catalytically 
oxidised to isobutyl aldehyde. The vapour of 
the alcohol mixed with air, is passed over warm 
freshly reduced copper spirals anti the products 
collected. A yield of 50 p.c. is obtaiqable (E. 
Orlow, J. Soc. Chem. Ind. 1908, 957). 

When chlorine *is passed into dry isobutyl 
alcohol, and the solution sub§equently heated 
gently, the product can be separated into two 
fractions, boiling at-80°-100° and I70°-250°. 
The lower fraction consists of chlorisobutalde- • 
hyde, boiling at 95°-91°; sp.gr. M86, 15°/4°. It 
combines with sodium hydrogen sulphite, and 
when oxidised with alkaline permanganate yields 
acetone and kydroxyisobutyrio acid C(UH s ) a OH* 
CO OH, melting at 78°. A i ermolecular polymo- 
ride C l2 H ai Cl 8 0 8 , which melts at 107°, is 
obtained by shaking with strong.sulphurio acid 
(A. Brochet, Compt. rend. 114, 1538). If the 
alcohol is kept cold, the chief product is dichlor- 
isobutyl oxide C(CH 3 ) a Cl-CHCl*0*CH s CH(CH 8 ) I 
boiling at 192-5°/760, and of sp.gr. 1*031,15°/4°. 
Water is without action on this product at low 
temperatures, but at 100° produces hydrogen 
chloride and a-chlori«obutaldekyde*and ditso- 
butylmonochlorisobutyral C(CH 8 ) a Cl*CH(OC 4 H?) 
boiling at 218°, and of sp.gr. 0*9355, IS*/ 4 : 6 
(A. Brochet, Compt. rend? 118, 1280; v. also 
Brochet, Bull. Soc. chim. 1896, 16; ibid. 20). 

When chlorine is led into^hot isobutyl alco¬ 
hol, chlorfsobutyricisobutyl ester, a/3-diohloriso- 
butyric acid, isobutyl ester^ mono- and dichlor- 
wo butyrio aldehyde, wojmtyric acid, oxy iso-, 
butyric acid, crotenic acid CO.CO a , and methyl 
chloride are produood. Treating aqueous iso- 
butj4 alcohol with chlorine water produces 
wo butyric acid, and a-chlorwobutyrio aoid 
isobutyl ester. Chlorine acting on cold dry 
isobutyl alcohol in the light produces 1 :2- 
dichlorwobutyl ester (Brochet,’ Aqp. Chim. 
Phys. [7] 10, 363). 

isobutyl alcohol, when acted on by bromine, 
readily yields isobutyl bromide, mixed with 

a I isobutyrate, and bromisobut&ldehyde 
Compt. rend. 114, 753). A 

(For combinations and derivatives oKsobutyl 
alcohol, v. Gladstone and Tribe,'C^m. Soo. 
Trans. 1881, 6; Pierre and Puchot, Annalen* 
163, 274; and Heindl, Monatsh. 2, 208.) 

3. Secondary butyl alcohol, 2-hydroxybu- 
lane, methyl ethyl carbinol, butylene hydrafe. 

CH* S *>CHOH; b p- 09“ at 738-8 nfta. (LieWh, 
Annalen, 15*, 114) i tp.gr. 0-827 at Q“, 0-M0 
at 22° (L.). ^ * 

Formed by the aotion” water upon the 
compound of zinc-ethyl and aldehyde: 
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CH,0H(C,H,)OZn(0 1 H i : 


thus: 

CH,<JH(C,H 4 )0-ZifJ,H i +H ! 0 

. * =C 4 H,OH+ZnO+C,H, 

(Warner, Anndlon, 181, 261). *AIso by acting 
upon secondary butyl iodide with silver aceftite 
and*saponifying the resulting acetate by means 
of potash. r Normal bu^yl alcohol may be 
changed into the secondary aleohol ; the nordial 
iodide is heated with potash, and the normal 
butylene so obtained on treatment with hydri- 
odio aoid yields secondary butyl iodide (Saytzeff, 
Zeitsch. anal. Chem. 1870, 327). Tt may also be 
prepared from the normal isomeride by treating 
»-butylamine with nitrous aoid (Meyer, Ber. 10, 
130; KanonnikoS and SaytzeS, Chem. Soe. 
Trans. - 1876, 696). 

Properties. —Liquid, with strong odour ; upon 
oxidaticft yields a ketone CjH.-CO-CHj (b.p. 
80°), and acetic acid (KanonnikoS and SaytzeS, 
Chem. Soo. Trans. 1876, 626). Heated with 
a trace of hydrochloric, hydrobromic, or hydri- 
odio acid, in a sealed tube, to 240°, yields C 4 H, 
.(pseudo-butylene). It ha# been separated into 
itsoptioal antipodes by R. Meth (Ber. 1907,695) ; 
the alcohol has M , 0-32°. r 

4. Tertiary butyl alcohol, trimethyl 
carbinol (CH,) 8 C-OH. A solid; m.p. 26-46° 
(De Forcrand, Compt. rend. 136, 1034); b.p. 
82-94* (corr.) (Linnemann, Annalen, 162. 26); 
81 -5°-82° (Perkin, Chem. Soc. Trans, 1884, 468); 
82-25° (Thorpe and Rodger, Phil. Trans. 1894. 
m 639). Sp.gr. 0-7792 at 37° (L.); 0-7788 at 30° 
(Butlerow, Annalen, 162, 229); 0-7864 at 
20°/4°. 0-7802 at 26-°/4° (Briihl, Annalen, 203, 
17); 0-7836) at 25°/26°, 0-77G1 at 35735° ; 
molecular rotation at 24-3°=5-122 • (P.); 
a ™I'3£)24r, molecular r«fraction=35-53; crit. 
temp.—234-9° (Pawlewski, Ber. 16, 2634). 

(Formed from isoljutyl iodide by treatment 
with acetic acid and silver oxide (Linnemann; 
Butlerow, Annalen, 168, 143); also from tso- 
bntylamine by treatment with nitrous acid, and 
from wobutyl oarbimide CO-N-C.H,, by action 
of potash (Linnemargi. Annalen, 162, 12). Can 
be prepared by allowing 20 grams of tertiary 
butyl iodide and 50 grams of'water to stand in 
contact^ for two or three days (Dobbin, Chem. 
Soo. Trans. 1880, 238). ». 

/sobutjd alcohol heated with excess of hydro¬ 
chloric acid yields a mixture of secondary and 
tertiary butyl chlorides, and when heated with 
six volumes of water only the latter is decom¬ 
posed, yielding the aloohol and bydrochlorio 
aoid (Fnond, J. Pharm. Chim. [2] 12, 26). 

Properties. — Forms rhombic plates or prisms. 
Unites with water to form a liquid hydrate 
2CJ[| 0 0,H,0 (b.p. 80° ; sp.gr. 0-8276 a f 0° 
(Butleidw, Annalen, 162, 229). On oxidation 
yields acftone, carbon dioxide, aoetic acid, and 
a small quantity of irobutyric acid (Butlerow, 
Zeitsch. Chem. 1871, 486). 

The existence of the hydrate 0 4 H ](I 0,2H 8 0, 
■at. 0°, is confirmed by cryoscopio, density 
aa* visooeity determinations (Paterab and 
MWi. A«A & Acoad. Linceb 190J (v.), 46, ii. 

In sunlight it ew>bines with ohlorine, form¬ 
ing tertiary butyl chloride and other substanoes 
(IfOtreppe, J. 1881, 612). 


Trimethyl utuuuAuc oijJif*uoo leouxy 
treated with bromine, yielding iaeetdyiene 
bromide • C(CH,),BK;H,Bi boiling at 148° 
(Etard, Compt. rend. 114, 763). 

Tertipiy butyl alcohol has a slightly narcotic 
action when taken internally, and is found in 
the urine in combination with glyouronio acid 
(Thierfelder and v. Meting, Chem. Soe. Abstr. 
1886, i. 1002 ). 

Nilrohydroxybutanes may be obtained quanti¬ 
tatively as follows: By the action of nitromethane 
on formaldehyde, in presence of a little potassium 
carbonate, tertiary nitrotrihydroxybutane 
NOj-(CHjOH),, a white crystalline solid, melting 
at 168°-159°, iB produced. Nitroethane pro¬ 
duces tertiary nitrodihydroxybutaneNO t -C(CH,) 
(CH,OH)j, melting at 139°-140°. Secondary 
nitropropane yields nitrouebntyl aleohol 
NO a -C(Mc) 8 -CH|OH, melting at 82° (L. Henry, 
Compt. rend. 1895, 121, 210). 

Butyl bromides. Tetryl bromides C 4 H,Br, 

1. Normal butyl bromide, a-bromobutane 

CHj-CH.CIHj-CHjBr; 

b.p. 99*9* (corr.) (Linnemann, Annalen, 161, 
193): sp.gr. 1-3050 at 0°, 1-2792 at 20°, 1-2571 
at 40° (Lichen and Rossi, ibid. 158, 161). 

Formed from normal butyl aloohol and 
hydrobromic acid (L. and R. Tabouiy, Bull. 
Sue. chim. 1911 [iv.] 9, 424). 

By the aotion of bromine, a/5-dibrombutane 
C 4 H 8 Br, (b.p. 166°) is formed (il). 

2. Isobutyl bromide, a bromo-B-methyl 
propane (CH,),CH-CHjBr; b.p.' 92-3° (corr.) 
(Linnemann, Annalen, 102, 34); 91-3° (Perkin, 
Chem. Soc. Trans. 1884, 459); 91-7° (corr.) 
(Thorpe); sp.gr. 1-2038 at 16° (L.), 1-2722 at 
15°/15°„ 1-2598 mi 25°/25° (P.). Molecular 
rotation=8-003 at 16-2° (P.) From wobutyl 
alcohol, bromine, and phosphorus (Wurtz, 
Annalen, 93, IK). Unites with bromine at 
i50°_to form C 4 H 7 Br t (L.). Pure wobutyl 
bromide is an unstable substanoe, both in the 
liquid and gaseous states, when heated. 

3. Tertiury butyhbromide, pdjromo-^.methyl 
propane (CH,),CBr; b.p. 72° at 761’5 mm.; 
sp.gr. 1-215 at 20°, 1-2020 at!5°/16°, 1-1892 at 
25°/25°; molecular rotation=8-238 at 17'8° (P.). 
Formed when wobutyl bromide is heated to 240° 
(Eltekow, Ber. 8 , 1244), Also from trimethyl 
carbinol and phosphorus pentabromide (Reboiu, 

J. 1881, 409). May also be prepared by leading 
isobutylene iito a solution of hydrobromic aoid 
of sp.gr. 1-7 (Roozeboom, Ber. 14, 2396). la 
readily decomposed at 300° into isobutylene 
and hydrobiGmio aoid. Water, in the oold, 
forms the alcohol •• 

Tribrom'o tert-bviyl alcohol (brometone) 
C 4 H,OBr,, m.p. I67°-176°, forma white crystals, 
has a camphor-like taste and odour, is slowly * 
volatile in air, and ean be distilled with stew’ 
(Aldrich, J. Amer. Chem. Soo. 1911, 83, 386). 
For pharmacological properties, see Houghton 
and Aldriqh, Proe. Amer. Physoil Soo. 1902). 

4. Secondary butyl bromide, fl-trum- 
butane CH.-CH.OHBr CH,; • b-p. 90°-93° (Vi 
Meyer anfb Mriller, J. 'pi. Chem. [2] 46, 183) j 
obtained from secondary bptyl alcohol by the 
aotion of hydrobromic aoid, and yields p ( 7 )- 
dibrombutane by wanning with iron and. 
bromine. <• 

For observations to tho oourse of the intra¬ 
molecular transformations of the. butyl bromide 
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*nd ohbridea, wAMiohael and Leopold, Annalen, 
*1911, 379, 263 ; Michael and Zeidler, Annalen, 
1012, 393, 81; Michael; Scharf ahd Voigt. 
T. Amer. Chem. Soo. 1016, 38, 653. 

Butyl chloride), Tetryl' chloride* IC.H.Cl. 

1. N or mol butyl chloride, a-chlorbutane 

CH,CH*CH,-CH,C1 * 

b.p. 77 96° (corr.) (Linnemann, Annalen, 61, 
197); ep.gr. 0-0074 at 0°, 0-8874 at 20° (Lichen 
and Rossi, ibid. 158, 161); 0-0074 at 0° (L.), 
0-8972 at 14°. Formed by the action of chlorine 
upon r.-butane (Pelouze and Cahours, J. 1863, 
524). More easily by the action of hydrochloric 
acid upon n-butyl alcohol (Lieben and Rossi). 

2. Isobutyl chloride, B-methyl-a-chlorpro. 
pane (CH|),CH-CH|C1; b.p. 68-5° (Linne- 
mann, Annalen, 162, 17); 68-5°-69° (Perkin, 
Chem. Soc. Trans. 1884, 451); 69-02° (corr.) 
(Thorpe); sp'.gr. 0-8798 at 15° (L.), 0-8953 at 0°, 
0-8651 at 27-8°, 0-8281 at 59° (Pierre, Puchot, 
Annalen, 163, 276), 0-8835 at 15°/15°, 0-8739 at 
25°/25° (P.). Molecular rotation at 21-3°=6-144 
(Perkin). Formed by *fce action ol hydro¬ 
chloric acid or PC1 5 upon the alcohol (Wurtz, 
ibid. 93, 113). By the action of chlorine, hexa- 
ehiorbutane is produced. 

/sobutyl chloride is also produced by the 
interaction of chlorine and isobutane in diffused 
sunlight (Mabery and tiudson, Amer. Chem. J. 
19, 246); and also by treating isobutylamine 
cooled to —15° -with nitrosvl chloride (Solonina, 
Chem. Zentr. 1808, ii. 887). 

3. Tertiary butyl chloride, p-methyl-p- 

chltrpropane (CH,),CC1; b.p. 51°-52* (Perkin, 
Chem. Soc. Trans. 1884, 451); sp.gr. 0-8658 
at 0° (Puchot), 0-8471 at 15715°, 0-8368 at 
25°/25°; molecular rotation at 15°*= 6-257 
(Perkin). * 

Formed (1) by the chlorii^ttion of tertiary 
butane (Butlerow); (2) by the action of iodine 
monochloride upon (sobutyl iodide (Linnemann, 
Annalen, 162, 18); (3) by the action of hydro- 
ohlorio acid upon isobutylene at 100* (Zalossky, 
Ber. 5, 480; Le Bel, Butt 8oc. chim. 28, 462): 
(4) by saturating trimethyl oarbinol at 0“ with 
HC1 gas (Schramm, Monatsh. 9, 616). 

Heated with five or six vole, of water to 100°, 
the alcohol is produced (Butlerow-, Annalen, 
144, 33). Chlorine in diffused daylight, in the 
cold, forma C,H,C1, (b.p. 106°-107°), C 4 H,C1, 
and C,H,G„ whilst in direct sunlight C t H,Cl, 
(b.p. in partial vacuum about 116*), and other 
, products are formed (D’Ottreppe, J. 1882, 441). 

Tertiary butyl chloride is also fprmed by the 
action of rCl, on triniethyl oarbinol (Janschenho, 
Chem. Zentr. 1897, ii. 334). It also results, 
together with Mobutyl chloride from the notion 
of nitrosyl ohloride on tertiary butylamine in 
xylene solution at —15“ to —20° (Salonina, 
ibid. 1898, ii. 888). 

4. Secondary butyl chloride, lUchlorobu- 

tone CHj-CHj-CHCl'CHj, is produced by the 
notion of nitrosyl ohloride on secondary butyl- 
amine in xylene solution at —20° (Solonina, 
Chem. Zentr. 1898, ii. 88$). ^ 

Bntyl eyanatee. Only the iso-fpanates have 
been described. < 

1. Iiobutyl isneyanate. /sobutyl oarbi. 
mide (CH,)|CH-CH,-JiOO; b.p. 110° obtained 
by the distillation "of Mobutyl iodide with Bilver 
oyanate and sand (Bftmnw, Bor.»12, 1077). 


1. Tertiary butyl isocyanate 

. (CH,),C-NCO; 

b.p. 85-5° (corr.); sp.gr. <P§876 at 0“; mains 
liquid at —26°. Ie formed,'together,with other 
substances, when silver oyanate ac ts upon Mobutyl 
iodide (Brauner, Ber. 12, 1874).* By the action 
of* hydrochlorio acid, forms tertiary butylamine 
iCH,),CNH t . Potash produces symmetrical 
diisobutyl urea, melting at 242°., 

• Butyl cyanides. C,H„CN. * 

•1. Hormal butyl cyanide, valeronitrile 
CHj CHj-CHj-CHjCN ; . 

b.p. 140-4° a(j 739-3 mm.; sp.gr. 0-8164 at 0° 
(Lichen and Rossi, Annalen, 158, 171). 

2. Isobutyl cyanide (CII/pCH-CH.-CN; 
b.p. 126°-128° at 714 mm. (Erlenmeyer and 
Hell, Annalen, 160, 266); 129-3°-129-5° at 
764-3 mm. (R.Sohiff, Ber. 19,56?); sp.gr. 0-8227 
at0°, 0-8069 at 20°(Erlenmeyer and HelL; 0*6921 
at 129°/4° (S.). Formed ny the oxidation of 
gelatin (Sohlieper* Annalen, 59, 15) or casein 
(Gunckelberger, ibid. 64, 76) i^th chromic acid ; 
also by the action of P 2 0, upon ammonium 
tsovalerate (Dunum Malaguti, and Leblanc, 
ibid. 64, 334). Mav^ie prepared by heating 300 
grams isobuty) iodide, 98 grams of potassium 
cyanide, 98 grams of alcohol, and 25 grams of 
water for three days on the water-bath (Erlen¬ 
meyer and Hell). 

3. Tertiary butyl cyanide (CIIj),C-CN; 
m.p. 15°-16°; b.p. 105°-106°. Formed by 
mixing 100 parts of tertiary butyl iodide, 110 
parts of mercury potassium cyanide Hg(CN),- 
2KCN with 75 parts of dry magnesia, ana allow¬ 
ing the mixture to remain for two or three days 
at a temperature not exceeding 5°. The mass is 
then treated with water, and distilled on the 
paraffin-bath (Butlerow, Annalen, 170, 154). 

4. Secondary butyl cyanide, ilethylethyl 
aoetonitrile C,H 5 -0H,-CH-CN; b.p. 126°; sp.ft. 
0-8061 at 0°. Sodium (J eqv.) is dissolve!! in 
acetonitrile in benzene, arid ethyl iodide (1 eqv.) 
added (Hanriot and Bouveault, Bull. Soc. cmm. 
(3), 1, 172). 

Butyl hydrides. Butanes, tetranes. 

1. NormJl butane, diethyl, methylpro- 
pane CH i -CH l -CH|-CH«; ° b.p. 1° (Butlerow. 
Zeitseh. Chem. 1867, 363); -0-3°, Burrell and 
Robertson; sp.gr. 0-60 at 0° (Ronalds, Chom. 
Soe^ Trans. 1885, 54). Critical temp. 153-2; 
critical press. 36-67 atm. Occurs in crude 
petroleum (Ronalds, Lefebvre, Zeitseh. Chem. 
1869,185). Formed by heating ethyl iodide with 
zinc to 150° (Frankiand, Annalen,,71, 173; 
Schoyen, ibid. 130, 233). Also by the action of 
sodium amalgam upon ethyl iodide (LSwig, 
J, 1860, 397). A colourless gas, insoluble in 
water. 1 vol. of alcohol at 14-2° and 744-8 mm, 
aborts 1813 vols. of butane (Frankiand). » 

2 Isobutane, trimethylmethane (CttljJjCH. 
Formed fay heating 09 part of tbobutyi iodide 
with 2-4 parts of aluminium chloride to 120° 
(Kfihnlein, Ber. 18, 562). Also by the action of 
zinc and water upon tertiary Jmtyl iodide 
(Butlerow, Annalen, 144, 10). The gas as 
readily soluble in alcohol, from which if oan«l» 
expel jjd by dilution with water, b,p. —13-4°; criti¬ 
cal temp. 133*7; critical- press 36*54 atm Vapoffr 
pressure may be represente<h£y thefonnola: 
log P=-1632-66I/T+l-75 log T-0-018887S . 

+9-06814 
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(Burrell and Robertson, J. Amer. Chem. *8oc. 
1916, 37, 2482). 

• #» * CHj-i-CH, 

0. Cyclobutane, tatramethylene, J | 

CH,—CH, 

hae not yet beeiuobtained, but raitny derivatives 
have been prepared by' Perkin (Chem. 8ao, 
Trane. 1883, 893 ; 1894, 950). 

Butyl iodides. ’C 4 H,I. 

1. Normal bujlyl iodide i 

CH,'CH,-CH a -CH a T; ' 

b.p. 129-8° (corr.) (Ltnnemann, Annalen, 181, 
196); 130-4°-131-4° at 745-4 mm.*(Bruhl, ibid. 
203,21); sp.gr. 1-643at0°, 1-6136at20°(Lieben 
and Rossi, ibid. 158, 163), 1-8166 at 20°/4° 
(Briihl). From n-butyl alcohol and hydriodic 
acid (Linnemani, ibid. 161, 196). By the action 
of iodine trichloride at 250* it yields hexa- 
chlorethSne C a Cl, (Krafft, Ber. 10, 805). 

2. Isobutyl iodide, fl-iodo-fi-methylpro- 
pane (CH,) a -CH-CH a l ; b.p. 120-0° (corr.) 
(Linnemann, Anflalen, 160, 240; 192, 69); 
83°-83'25° at 250 mm. (Perkin, Chem. Soc. 
Trans. 1884,451); 119"94°fThorpe and Rodger, 
Phil. Trans. 1894, A, 11, 470); sp.gr. 1-6401 at 
0° (L.), 1-6056 at 20°/4° (Briihl, Annalen, 203,21), 
1-6138 at 15715°, 1-601)7 at 25°/25° (P.). Mole¬ 
cular 1 rotation at 19-4° = 12-199 (P.). From iso- 
butyl alcohol, phosphorus, and iodine (Wurtz, 
Annalen, 93, 116). 

3. Secondary butyl iodide, B-iodobutane 
tyi s -(;HI-CH a ; 

b.p. 117*-118° (Luynes, Bull. Soc. ohim. 2, 3); 
119°-120° (Lieben, Annalen, 150, 96): sp.gr. 
1-6263 at0*/0°, 1-5952 at 20°/0°, 1 -5787 at 30°/0* 
(Lieben). Formed by distilling erythritol with 
hydriodio acid (Luynes) or from n-butylene and 
hydriodio a*d (Wurtz, Annalen, 162, 23). (See 
alio Clarke, Chem. Zentr. 1908, ii. 1015.) 

* Tertiary butyl iodide, g-methyl-ff-iodo- 
propane (CH a ) s CI; b.J,. 9S°-99° (with deoom.) 
(Butlerow); 100-3° (Puchot, Ann. Chim. Phys. 
[6] 28, 646); sp.gr. 1-571 at 0°, 1-479 at 53* (P.). 
From tertiary butyl alcohol and hydriodio acid 
or isobutylene and hydriodio afld (Butlerow, 
Annalen, 144, 5, 22) ;* is easily decomposed (by 
silver oxide, potash, or by heating with zino 
and water), into hydriodio acid and isobutylene 
(Butlerow, Zeitsoh. Chem. 1867, 362). Isjilso 
leoomposed by water in the cold, yielding 
lydriodio acid and tertiary butyl alcohol. On 
tearing with sodium, yields a mixture of hydro* 
;en, isobutylene, and triisobutylene (C, a H a .) 
Dobbin, Chem, Soo. Trans. 1880, 236). 

Butyl mereapt&ni C 4 H,-SH. 

1. Normal butyl mercaptan 

CH,-0H a -CH a -CH a -SH; 

).p. 97°-98°; sp.gr. 0-868 at 0° (Saytzeff tnd 
JrabowSky, .Annalen, 171, 251; 175, 351). 

2. Ieabutyl mercaptan 

(CH,),CH-CH a 8H; 

;.p. 88°; sp.gr. 0-848at ll-5°(Humann, Annalen, 

)5, 256), 0-88678 at 20°/4° (Kasim, Ber. 15, 
!J82). 

Secondary butyl mercaptan 
• C,H,-CH(SH)0H,; • • 

i.p. 84°-f|S« i sp.grTo-8299 at 17°. The meroury 
impound (0 4 H,&Pg melts at 189° (Reymann, 
3er. 7, 1287). 


4. Tertiary butyl mercaptan 
(CH,) ? C-SH 

is prepared from tertiary butyl iodide, sine 
sulphide, and aloohol (Dobbin, Chem. 800 . 
Trans. °i894, 641). It boils at 66°-67°, and 
solidifie$,in a freezing mixture. 

Butyl nitrates. a • 

1. Normal butyl nitrate 

CHj'CHj-CH a -CH a -0'KO a ; 
boils at 136°; sp.gr. 1-048 at 0° (Bertoni, Gazz. 
chim. ital. 20, 374). 

2 . Isobutyl nitrate (CH,) a CH-CH,-0-NO a 
b.p. 123°; Bp.gr. 1-0384 at 0°, moleoular rotation 
at 8-9°=5-18 (P.); molecular refraction—46-72 
(P.); b.p. 123-5°-124-5°(Perkin,Chem.Soo.Trans. 
1889,684), sp.gr. 1-0334 at 4°/4°, 1-0264 10710°, 
1-0124 26°/25° (P.). From Bilver nitrate, urea, 
and isobutyl iodide (Wurtz, Annalen, 93, 120 j 
Chapman and Smith, Zeitsch. Cheib. 1869, 433 ). 

3. Secondary butyl nitrate boils at 124°; 
sp gr. 1 -0382 at 0° (Bertoni, Gazz. chim. ital. 20 
376). 

Butyl, nitrites, nitrobutanes C a H,NO a . 

1 . Isobutyl nitr'iie (CH^CH-CHj-KCL; 
b.p. 67°; sp.gr. 0-89445 at 0 ° (Chapman and 

Smith, Zeitsch. Chom. 1869,433), 0-8878 at 4*/4° 
0-8806 at 10°/I0°, 0-8752 at 16°/15°, 0-8702 at 
20720 °, 0-8652 at 25725°; moleoular rotation at 
8-2°=5-61; molecular refraction =43-9 (Perkin, 
Chem. Soc. Trans. 1889; 686 and 757). Prepared 
by mixing isobutyl alcohol and sulphurio acid, and 
gradually pouring the cooled mixture, into an 
aqueous solution of sodium nitrite ( 1 : 3 ); the 
upper layer, consisting of isobutyl nitrite, is 
decanted, washed with potassium carbonate 
solution, and dried. It is a pale-yellow liquid, 
is apt to become^, acid by keoping, when 
rapid decomposition sets ia. Taken medi¬ 
cinally, lowers the blood prossure and produces 
respiratory paralysis (Dunstan and Woolley, 
Pharm. J. [3] 19, 487). 

2. Tertiary butyl nitrite (CH a ) a C-NO„; 
b.p. 63°; sp.gr. 0-8914 at 0° (Bertoni, Gazz. chim. 
ital. 15, 361); 67°-68° (ffscherniak, Annalen, 180, 
155). From the alcohol and glyoeryl nitrite 
(B.); also from the iodide and silver nitrite (T.). 

A yellow, mobile liquid; soluble in alcohol, 
ether, and chloroform; sparingly soluble in 
water. 

Aromatic nltrobutyl derivatives. 

The butyl derivatives of many aromatio 
nitrohydrocOTbons have a musk-like odour, and 
are sold as ‘ artificial muBk.’ Music Baur, tri- 
nitro mfitabutvl toluene C 6 H(CH,)(NO.),C(CH,) J , 
is formed by titrating meta butyl toluene with 
fuming nitrio and funfeig sulphurio acids. Butyl 
toluene is formed byFriedeland Craft’s method, 
as described below, by the aotion of tertiary 
butyl bromide on toluene in the presenoe of alu¬ 
minium chloride. Butyl benzene, ethyl benzene, 
and xylene are formed at the same time. 

An unsymmetrical butyl cresol ia formed 
by adding butyl aloohol and zino chloride to 
meta-oresol. When etherified and nitrated, 
possessesjthe odour of oivet (A. Baur, J. Soo. 
Chem. IndTl 862, 307 ; *»ingl. poly. J. *78, 522 ; . 
J. Soo. Chem. Ind. 1894, IMS). 

Butyl xylene may be prepared by passing a 
current of wo butylene gas through a mixture of 
®Jiloa m-xyletfe, 60_grams arebutyl chloride, 
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produot 13 wasUecFwitb water, and the fraction | 
of the oil boiling at 200®-302° collected. , Gaseous 
hydrochloric and hydrobromio acids may be 
employed to start the reaction (Aot. Gesell. fiir 
Anilin-Fabriken, Fr. Pat. 372603). $ t• 

Butyl ethers (C 4 H 9 ) a O. . 

1. Normal butyls ether ; b.p. 140-5° at 
741*5 mm. (Lieben and Rossi, Annalen, 165,110); 
sp.gr. 0*784 at 0°, 0*7685 at 20° (L. and R.), 0-7865 
at 0° (Douiner, Annalen, 243, 8). By the action 
of the sodium derivatives of the alcohol upon 
n-butyl bromide (Reboul, Compt. rend. 108, 39). 

2. Isobutyl ether [(CH 3 ) 2 CH-CH 2 ] < jO ; b.p. 
122M22-6 0 (Reboul, Compt.‘rend. 108, 162); 
sp.gr. 0*7616at 15° (R.). From tsobutyl bromide 
and sodium uobutylate (R.). The action of 
iwbutyl iodide upon potassium wobutylate— 
which, according to Wurtz, yields this ether— 
really gives a mixture of disobutylene and iso- 
butyl alcohol (Reboul). 

3. Secondary butyl ether 

[C s H 6 *CH(CH 8 )] 2 0 ; 


b.p. 120°-121°; sp.gr. 0-75Jat 21° (KesseJ, Anna-! 
len, 175, 50). From ethylidene chlorhydrin,and 
zinc ethyl (K.). Formed in mere traces only by 
the action of secondary butyl bromide upon the 
sodium derivative or the secondary alcohol 
(Reboul, Compt. rend. 108, 162). Reboul ob¬ 
tained also the following mixed ethers :— 
Secondary butyl isobtftyl ether; b.p. 121°- 
122°; sp.gr. 0*7652 at 21°; 

Normal butyl isobutyl ether; b.p. 131-5®; 
sp.gr. 0-763 at k*5; 

Normal butyl secondary butyl ether; b.p. 
131°; sp.gr. 0-7687 at 15°; 

Normal butyl tertiary butyl ether; b.p. 124°, 
but could not obtain the secondary, tertiary, and 
the ditertiary ethers (Bull. Soc. chim. [3J 2, 
25). e 

Butyl sulphides. 

1. Normal butyl sulphide 

[CH 3 (CH 1 ) 1 ] 2 S; 

b.p. 182°; sp.gr. 0 8523 at 0° (Saytzeff, Annalen, 
171, 253). From butyl Ibdide and potassium 
sulphide. Fuming nitric acid yields the sul- 
phone (C 4 H 9 ) 2 S0 9 (m.p. 43-5°) (Grabowsky, 
Annalen, 175, 348). Niirio acid of ep.gr. 1*3 
converts it into the oxide (C 4 H 9 ) 2 SO, melting 
at 32°. 

2. Isobutyl sulphide [(CH 3 ) 2 CH*CH 2 ] 2 8; 

b.p. 172®-173° at 747 mm. (Grabowsky and Sayt¬ 
zeff, Annalen, 171, 254), 170-5° at 752 mm. 
(Beckmann, J. pr. Chem. [2] 17, 445); sp.gr. 
0-8363 at 10* (B.). « 

adsobulyl d*su/pA*d« # (C 4 H 9 ) 4 S t ; b.p. 22QP 
(Spring and Legros, Ber. 15, 1940). 

3. Secondary butyl sulphide 

(CH s *CH*CjH 6 ) 2 S ; . 

b.p. 165°; sp.gr. 0*8317 at 23° (Reymann, Ber. 7, 
1288). 

Butyl thloearblmldes. Butyl mustard oils; 

, Mothiocyanatea. 

1. Normal butyl thiocarbimiak 

(C 4 H 4 )NCS; 

b.p, 167* (Hofmann, •Ber. 7, *51^7 From 
n-Dutylamine, carbon disulphide, and alcohol 
(H.). 

2, Isobutyl thiocarbimidi 

• (GH^CH-CH.-NOJ; 

b.p. 162®; sp.gr. 0*963§ 14° (HoJmann, Ber. 7,* 

111). 


3 . ^Secondary butyl thiocarbimide 

C a H|*CH(G0g)NCS; 

b.p.* 159*5®; ep.gr. 0-944 at*® 0 . Oooura fti the 
ethereal oil from spoonworr ( Gochleqria offici¬ 
nalis) (Hofmann, Ber. 2, 102; 7, 512). 

4 . Tertiary butyl thiocai%imide • 

# (CH 3 ) 3 C*NCS; 

m.p. 10-5°; b.p. 140° at 770-3 mm.; sp.gr. 0*9187 
at 10°, 0-9003 at 34° fRudnew, Bull. Soc. chim. 
18sb, 300). Has a pleasant* aromatic odour. 

Butyla mines. 

I. Monobutylamlnes. 

(а) Normal butylamine t aminobutane 

CH,CH 2 *CH 9 *CH 2 *NH i; 
b.p. 75-5°at 740 mm. (Lieben and Rossi, Annalen, 
158,172); sp.gr.0-7553at0°,0-7333at26®(Land 
R.), 0-7401 at 20® (Linnemann and Zofcta, Annalen, 
102, 3). Formed by the action of potassium hy¬ 
droxide upon butyl cyanate (Lieben aDdlloasi); 
also from propyl cyanide by zinc and sulphuric acid 
(Linnemann and Zotta, Annaler^ 162, 3), or from 
nitrobutane by action of tin and hydrochlorio 
acid (Ziiblin, Ber. 10. 2083). Is miscible with 
water; reduces copper, silver, and mercury 
solutions in presence of alkalis. The chloride 
forms a yellow crystalline compound with PtCI 4 , 
which is almost insoluble in cold water. 

(б) Isobutylamine, a-amtno-$-me)hylpro- 

pane (CH 3 ) a CH*CH 2 *NH 2 ; b.p. 68°(Schiff, Ber. 
19, 565), 68°-C9° (Perkin, Chem. Soc. Trans. 55, 
694); sp.gr. 0-7357 at 55° (Linnenymn, Annalen, 
162, 23), 0-7464 at 4°/4°, 0-7408 at 10°/10°, 0-7363 
at 15°/15°, 0*7283 at 25°/25°; mol. rot. at 
15*3° 5-092 ; heat of combustion 726,990. 
From tsobutyl cyanate and potash (Linne¬ 
mann, Annalen, 162, 23); also from tsobutyl 
iodide and ammonia (Hughes and Romer, Ber. 7, 
511); also from isobutyl chloride and ammonia 
dissolved in water or tsobutyl alcohol. All thre<? 
tsobutylaminesare produced, the triwobutylamsne 
in largest quantity. TheP bases can then be 
separated by means of ethyl oxalate. The 
product is first separated into Uro fractions, the 
one rich in the monoisobutylamine, the other 
rich in the di- and tri- compounds. To the 
former water and then ethyl oxalate are added ; 
the primary base*is thus converted into the 
oxamide C 2 0 2 (NHC 4 H 9 ) 2 , which is almost 
insol^le in boiling water, the secondary 
amine being changed into the ethyl oxamate 
C 2 Hj0-Cj 0 2 -N(C 4 H 9 ) 2 . The other fraction 
(anhydrous) being poured into ethyl oxalate, the 
primary and secondary bases are converted into 
oxanmtos. The tertiary base is distilled off, and 
the oxamates are saponified by heating with 
slaked lime. The calcium oxamates oan be 
separated by crystallisation, the ditaobutyloxa- 
matft being the more soluble in alcohol, from 
which it separates in slender silky Needles 
(Malbot, Compt. rend. 104, 228). * 

Can be produoed by heatipg wobutyi aloohol 
with ammoniacal zinc chloride to 260® (Merz 
and Gasiorowski, Ber. 17, 624), or by the action 
of caustic potash (10 p.o. solution) upon a mix¬ 
ture of bromine and wovaler&mide (qgual mqjfr- 
cules)^it 60® (Hofmann, Ber. 15, 769). 

Mixed witn water, contraction and develop¬ 
ment of heat are produoed. mixturl of equal 
volumes of water and wobutylamine has a ip.gr. 
of 0*9002 at 15°/15®, instead of the oalo. density 
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0-8881 (Perkin, Chem. Soo. Trans. 1889*696'. 
With absolute aloohol and' the amine similar 
results were obtamid, the sp.gr. of a mixture 
of equal volumes Being 0-781 at lB'/lS*, instead 
of 0*7052, the osculated number. * 

(*) Secondary butylamine 

, C,H t -CH(NH 1 )*CH l . 

b.p. 63* i sp.gr. 0-718 at 23' (Mensohutkin, Chem. 
Zentr. 1898,1. 702}., Forlued by the action of 
potash upon secondary butyl oyanate, or of am¬ 
monia upon secondary butyl iodide (Hofmann, 
B® r - 7, 513). Also by the action of dilute sul¬ 
phuric acid upon secondary butyl mustard oil 
(Reymann, Ber. 7, 1289). 

By the reduction of methyl ethyl ketoxime 
by hydrogen and finely divided niokel at 
160 -170', secondary butylamino and di- 
secondary butylamine are produced. They are 
liquids,athe fetter boiling at 132'/758 mm. and 
forming an oxalate melting at 104 ° (Mailhe. 
Compt. rend. 1905, 113). 9 

. Secondary butylamine has been separated 
into its optical antipodes by ThomA (Ber. 1903, 

,582); [ 0 ]^ 7-42' at 20». , 

(cf) Tertiary butylamine (CH.).C*NH.; 
b.p. 45*2 at 760 ram. (Rudnew, Chem. Sue. 
Abstr. 1879, 40, 141 f; 43*8“ at 780 mm. ■ sp er . 
0*7137 at 3', 0*7054 at 8', 0*6931 at 15' (R). 
Formed in small quantity by the action of 
potash upon isobutyl cyanate (Linnemann, 
Annalen, 162, 19; Hofmann, Ber. 7,513). Also 
as a, by-prodifct in preparing trimethyl acotic 
acid from trimethyl carbinol iodide and mercuric 
cyanide (Rudnew). 

2. DUratylamines. 

(o) Di-normal butylamine 
(CH,*CH,*CH s -CHj),NH ; 
b.p. 160°.* Formed in Bmall quantities by the 
fttion of potash upon butyl oyanate (Lieben and 
"<*«>> Annalen, 168, 175); also by theaotion ol 
butyl chloride on afbmonia (Berg, Ann. Chim 
Phys* [7], 3,294). Gives [(CjH.^NH'HCl^PtCl,; 
yellow needles, almost insoluble in cold 
water. 

(b) Di-iso-buty[aminc 

[(CH S ) 2 CH-CH 2 ]NH; 

b.». 135°-137°; sp.gr. 0*7577 at 4°/4', 0*7491 at 
15716', 0-7425 at 26'/25' (Perkin, Chem. Soc. 
Trans. 1889, 697). From isobutyl bromic# and 
alooholio Ammonia at 160' (Ladenburg, Ber. 12, 
949); also from isobutyl alcohol and ammoniacal 
.zinc chloride at 270° (Mere and Gasiorowski, Ber. 

17, 627).* The hydrochloride (C,H,),NH*HC1 
forms plates or leaflets easily soluble in alcohol 
and water, slightly in ether. The platinum com¬ 
pound forms dark-red prisms, soluble in water, 
alcohol, and ether (Malbot, Compt. rend. J04, 
388). She nitroso- derivative (C f H t ),N-NO is 
a disagreeably smelling oil; m.p. 0'; b.p. 
213'-21j5“ (with decomposition); obtained by the 
notion of potassium nitrite upon the hydro- 
ohloride (Ladenburg, Ber. 12, 949). 

, ( c ) Di-tertiary butylamine 

, [(CH,),CJ,NH; 

produced as iodide when tertiary butyUiodide 
afld tertijry butylamine are heatbd to 50°; at 
7®ft* nwsture decomposed, forming iso¬ 
butylene and tertiary butylammonium iodide 
(Rudnew). The iodide is easily soluble hi water j 


or alcohol; on heating thePaqueous solution 
evolves tertiary butylamine. 

3. Tributylamlnes, 

n ,S a lT ri ' n < ,rmal butylamine (C,H,),N;b.p. 
21 i - 2 ‘4° t 4 740 mm - i IP-gr- 0-791 at O'! 0-7782 
at 20 , ,0-7677 at 40'. From butyl agranate and 
potash, together with % mono- and di- oom- 
pounds (Lieben and Rossi, Annalen, 185, 115 ). 
With butyl iodide forms Iodide of tetrabntyl- 
ammonium N(C|H S ),I, which crystallises in 
small plates (L. and R.). Also by the aotion of 
ammonia on butylchloride; b.p. 216-5° (Bara 
Ann. Chim. Phys. [7] 3, 299). 

(6) Tri-ieo-butylamine (C,H,),N; b.p. 
177°-180' (Reimer, Ber. 3, 757); 184'-188° 
(Sachtleben, Ber. 11,733). Sp.gr. 0-785at 21'(8.). 

2 j ,,0 hutylamine and wobutyl bromide 
(R.) From tho alcohol and ammoniacal zino 
chloride at 270° (Merz and Gasiorowski, Ber. 17, 
627); also from isobutyl iodide and aqueous 
ammonia at 160° (Malbot, Compt. rend. 105,674). 

I s not miscible with water. Forms salts with hy¬ 
drochloric, nitric, andsulphuric acids, which are 
extremely soluble ana crystallise with difficulty. 
The platinum double salt forms large ruby-red 
crystals (Malbot, Compt. rend. 104, 366). 

Butylenes CjH,. Three iaomerio butylenes 
are possible and all are known. 

„J-* ormal ( u)-butylene. Ethyl ethylene 
CH,-CH,*CH:CH,; b,p.-5'. 

Formation. —From normal butyl iodide and 
alcoholic potash (Saytzefl, J.pr. Chem. [2] 3, 
88; Grabowsky and Saytzefl. Annalen, 179, 
330). From bromethylene *and zino-ethyl 
(Wurtz, Annalen, 152, 21), together with butyl 
alcohol. From normal butylamine and nitrous 
acid (V. Meyer, Ber. 10,136). Prepared by digest¬ 
ing on the water-batil 100 grams normal butyl 
iodide, 200 grams potash,* and 150 grams 
alcohol (90p.c.)(g.). Agas at ordinary tempera- 
tures, which combines readily with hydriodio 
acid to form secondary butyl iodide; and with 
hypochlorous acid to form chloromethylethyl 
carbinol CH a *CH 2 *CH|OH)*CH.Cl. .Passed over 
copper heated to redness forms butadiene 
CHj: CH-CH : CH 2 , which may be polymerised 
to rubber by means of metallic sodium (Eng. Pat 
9722, 1911). . 

2. B-Butylene. Symmetrical dimethylethyl- 
ene CH,*CH: CH-CH,; b.p. 1° at 741-4 mrm 
(Lieben,Annalen, 160,108); sp.gr.0-635at — 13*5 
(Puchot, Bqjl. Soc. chim. 30, 188). 

Formed by the aotion of potash upon 
secondary butyl iodide (Luynes, Annalen, 129, 
200; Liebsp, ibid. 150, 108). Together 
With isobutylene by. popping iso- or normal 
butyl alcohol upon strongly heated zino chloride 
(Nevole, Bull. Soc. chim. 24, 122; Le Bel And 
Greene, Amer. Chem. J. 2, 23). From trithio- * 
aldehyde (C,U t S), and oopper (Eltekow, Ber. 

10, 1904). By heating a mixture of methyl 
iodide and allyl iodide with sodium (Wurtz, 
Annalen. 144, 235). I W 

Prcpatalion.—Iao butyl aloohol is allowed to 
drop upon heated zino chloride, and the evolved 
gas is sulphuric acid diluted with half' 

its volume of ftater; this retains the isobntyfcae. 
The unabsorbed gas is ledfato bromine, audit 
again liberated by action of sodium (Le Bel and 
Greene, Bull. %». ohim. 29, 306). Two 
1 



, ^.Butylene eofcbines with bromine to form a 
aiteonude boiling at 158°-158°. This compound, 
by the action of-potash, forms mono-bromo- 
pseudo-butylene CH,-CBr;CH-CH,: b.p. 87“-88° 
(Hole, Annalen, 250, 230). Chlorini) forms a di- 
chloride,- bj>. 112°-114° (CheohoukowfBuII. Soo. 
ohim. 13, 127). o » 

8 . y-Butylene. Isobutylene, unsymmetrical 
dimethyl ethylene (CH,),C:CH, ; b.p. - 6 ° 
(Butlerow, Zeitsoh. Chem. 1870, 236). Liquefied 
byapresaureof 2 - 2 J atmospheres at ISMS". Is 
produced by the dry distillation of fats (Faraday, 
rhll. Trans. 1825, 440); by heating the vapour 
of fusel oil tb redness (Wurtz, Annalen, 104, 
249), together with ethylene and ethane j also 
from lignt petroleum, ! ligroin ’ (b.p. 60°-90°) 
(Frunier, J. 1873, 347); from iso- or tertiary- 
butyl iodide and alcoholic potash (Butlerow, 
Annalen, 144, ,19); by heating trimethyl oarbinol 
and dilute sulphurio acid (i vol. H.SO, to 2 vols. 
water) (Butlerow ); from iaobutyl aloohol and 
zino chloride, though in very small quantity 
(Nevole, Bull. 800 . ohim. 24, 122). 
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5 parts sulphurio acid, 1 part of water and sand 
are heated together (Lermontow, Annalen, 196, 
“')• ( 2 ) Puchot’s method (Ann. Chim. Phys. 
[5] 28, 508) of heating iaobutyl alcohol with a 
mixture of sulphurio agid, potassium sulphate, 
and gypsum, gives a mixture of pseudo- and iso¬ 
butylene. (3) A mixture of 2 parts of cauatio 
potash and 3 parts of aloohol (90 p.c.) is slowly 
added to 2 parts of isubutyl iodide, and 
gently warmed (Butlerow, Zeitsch. f. chem. 1870, 
Butylene is a gas, with unpleasant smell, 
slightly Boluble in water; oombines with hydriodio 
aoia to form tertiary butyl iodide. A mixture 
of three parts of sulphurio acid and 1 part of 
water completely absorbs the gas ; on distilling 
the diluted, solution trimethyl carbinol is 
evolved. It forms a mercury compound 
*,(HgNO,)(Hg,N(),) (Denigis, Compt. rend. 
126, 1043). Oxidising agents— e.g. potassium 
permanganate—form carbon dioxide, formic and 
aoetio acids, and oxalic ao?d (and in the case of 
ohromium trioxide, acetone) (Zeidler, Annalen. 
197,251). By the action of a mixture of 5 parts 
sulphuric acid and 1 part of water forms dode- 
oylene (triisobutylene) C,,H„; b.p. 177-5°- 
178-5’i sp.gr. 0-774 at 0° (Butlerow, Ber. 6 , 
561). 

Butylene alcohol v. Butylene ylycfils. 

Bulylenc dlbromldes. 

, 1. Normal butylene dibromide, aB- 
iibrombutane CHj-CHs-CHBr-OH.Br; b.p. 
16M°-166° ; sp.gr. 1-878 at, 0 ° (Wurtz, Annalen 
152, 23), 1-8503 at 0°, 1-8204 at 20°/0° (Qra- 
bowskyand SaytzeS, Annalen, 170,332). Formed 
from a-butyiene and bromine (Wurtz); from 
normal bitty bromide and bromine at 150° 
(Linnemann, Annalen 161, 199). Clives a- 
butylene by aotion of sodium. 

. 2. B-Butylene dibromide, By-Hbrom- 

butane CH.-CHBr-CHBr-CH,; b.p. 158°; ap.gr. 
1-821 at0°. Formed from 6 -butylene and bromine 
(Wurtz, Annalen, 144, 2J0), or by heading or 
/ 3 -brombutane with iron and bromine (V. Meyer 
and Muller, J. pr. Cfem. [2] 46, 180). Deoom. 


j Z-'/so-butytene di-bromide, aB-dibrom- 
4-^finl propone (CH,),CBr-OH 1 Br; b.p. 148°- 
149 at 737 mm.; sp.gr 1-798 at 14° (Linne- 
maAn, Annalen, 162, 36), ip. 149-6° $orr.) 
(Thorpe), sp.gr. 1-7434 15°/lg° (Perkin). From 
tso-butylene and bromine (L.: also Wurtz 
Aimalen 104,249; Hell and Rothbeig, Ben 22 ! 
1737). By heating with water to 160° iso- 
butyraldehyde and isobutylene glycol are forced. 

4. 7 etramethydenedibroveide, a!-di- 

boils at 

188-190 (Gustavson and Demianoff, J. pr. 
Chem. [ 2 ] 39,543). (See also HainBoourt, Compt. 
rend. 132, 345.) 1 

5. flfl-Dibrombuttine CH s CBr,CH,CH,; 
boils at 144 -146° (Wislicenus and Hofe, Anna- 
lcn, 2d0, 232). 

6 . ay-Dibrombutane 

CIJ.BrCH.’OHjBrCH.; 

1894 963j 74 °' 1750 <Perkin ’ Chem ’ SM k) Tran »- 
Bntylene cyanide. 


Preparation.— (1 ) 5 parie'of ieobutyl-alcohol, j nonitriU) CNW 
arts sulphurio acid, 1 part of water and sand R„ _— V" ! “-P* 218 r 220 • 


uuu UllUJV.I V . pii VMWI _ _ 

posed by heating to 14(5° with water and 
had oxide, forming lead bromide and methyl 
ethyl ketofia (EHelow- Cham. Soo. Abstr. 1879, 
84). • 


By treating an aqupous alcoholio solution of 
potassium oyanide with y-butylcne bromide, and - 
allowing the mixture to stand for a fortnight. 
A colourless oil, moderately soluble in water. 
Heated to 150° with strong hydrochlorio acid, it 
is decomposed into ammonia and dimethylsuo- 
cinio acid (Hell and Rothberg, Ber. 22, 1737). 

Bntylene glyoolchlorhydrin, S-chlorouobutyl- 
alcohol (CH,),-CCl-CH 2 OH,- b.p, 137. From 
wo butylene and hypochlorous acid (Butlerow, 
Annalen, 144, 25). Soluble in largo exoess of 

1906 r *2157^ ^ ^ ichael and k^ghton (Ber. 

0-Chlorowobutyl alcohol is also formed by the 
union of hydrogen chloride with wobutylene 
oxide, whioh results from the action of dry 
powdered potassium hydroxide on chlon£ 
trimethyl oarbinol. The last may be prepared 
from magnesium methyl bfomide, ohloroacefcone 
and ethyl chloroacetate. jS-chlorowobutyl 
aloohol boils at 132°-133°. It ^orms a nitrate 
by the action of concentrated sulphurio and 
aci ^ gW.Cl-CH^O,, and a nitrite 
C(Me) a Cl-CH 2 N 0 2 with nitrous aoid, whioh 
distinguishes it from the isomerio ohlorotri- 
methyl carbinol (L. Henry, Compt. rend. 1906, 
142, *93). 

Butylene diamines. 

1. Tetramethylenediamine (puirescine ) 

aj-uiaminobutano NH J -CH,-CH 1 -CH l -CH,-NH fc 

occurs in urine and iseoes in oases of cystinuria, • 
and also arises during the putrefaotion of her¬ 
rings. It is prepared by reducing an alooholio 
solution of dioyanoethylene with sodium (Laden- 
hurt Ber. J 886 , 780; Lelimann and Winthaer, 
Annalen, 228 ,229); or in a si milar manner from 
suocinaldehyde dioxime (Ciamioian and Danetti 
Ber. 1889, 22 , 1968, 1970). Colourless corystate 
meltingat 27°-28* (C.Z.)and boilingat 158*-1«0* 
Smells like piperidine. It is strongly bane, 
readily absorbs CO,, and forms a well-defined 
dmydroohloride, auriohloride, and platiniohloridfc 
The piorolonate is of some physiologiqjil imposts 
anoe (©tori, Cjjiem. Soo. Abate. 1901b ii. 186). 

Wills titter and Heubner have prepared tft 
tetramethyl derivative of ttrameth^ene dia- 
mine, and the biquatemary hexamethylammo- 
njum salt corresponding to it (Ber. 1907, 8871, 
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8874). The identity of at • diaminotmtaije | b.p.81°-62°i ep.gr.0-8311 atl°. From the chlor- 
vith putresoine rests on the experiments of hydrin C,H,aO, and potato (Eltekow, Ohem. 


Udr^paaky and Baumann (Ber. 1888,' 2938). 
Briefer (Chem. Z|ntr. 1907, i. 1703) considers 
the ldenftty not proven, as also do Will slat ter 
and Heubner (£c.). 

! 2 . Dimethylethylenediamine , fiy-dia- 
mitobutane CH,-CHNH,'CH.\ T H,'CHj, has been 
prepared by Angeli (Her. 1890, 1358). 

/so-Butyfabetlo acid o.i-Capboic acid. , 

Butyl chloral v. CBloeal. , 

Butyl-lactlnio add v. Hideoxy bptyeic acids. 

Butylene glycols. 

1. N ormal-(a)-butylcnt qtlycol, afl-di- 
hydrozybvtane CH,-CH,-CHOH-CH,OH; b.p. 
191°-192® at 747-1 mm .; sp.gr. 1-0189 at 0°/0°, 
1-0059 at 17-5/0°. From normal butylene di- 
bromide (Savtzeif and Grabowsky, Annalen, 179, 
332). 

2. £»Butylene glycol, ay-dthydroxybutane 
CH,-CH(OH)-CH,,-Cir„OH; b.p.203-5°-204°(Ke- 


Soc. Abstr. 1883, 506). 

2. s-Diryethylethylene oxide 

' • * 


CH 




CH, 


b.p. 56*-57*; ep.gr. 0-8344 at 0°. Formed from 
the chlorhvdrin (prepared from the symmetrical 
dimethyethylene and hypochlorous acid) and 
potash (Eltekow, Chem. Soc. Abstr. 1883, 566). 

BUTYRALDEHYDE. Butyric aldehyde C 4 H 8 0. 
This compound exists in two icomerio forms, 
termod normal and wobutyrio aldehyde respec¬ 
tively. 

Normal butyraldehyde CH s -(CH J ). i -CHO is 
formed together with acetaldehyde and propal- 
dehyde by the action of chromic aoia upon 
fibrin, casein, and albumen “(Guckelberger, 
Annalen, 64, 39). It is readily prepared by dis 


kuie, Annalen, 162, 310); sf.gr. 1-0259 (Wurtz ,! ^8 a ^}ure of calcium formate (2 molaj and 

, - -. ro .. - ~ 1 calcmm butyTate (1 mol.) in quantities of 50 

grams $t a time wit^i-twice the weight of iron 
tilings. The distillate is fractionated, the 
fraction 70°-110° treated with sodium hydrogen 
sulphite (bisulphite), then shaken with ether to 
extract impurities, and finally distilled with 
excess of soda (Lipp, Annalen, 211, 355; Linne- 
mann, ibid. 161, 189; Kahn, Ber. 1885, 
3364). Bodroux has applied Grignard’s reagent 
to a solution of orthoformio ana acetaldehyde, 
thereby obtaining a 75 p.c. yield of butyralde¬ 
hyde (Chem. Zentr. 1904, i. 1007). 

Properties.—Normal butyraldehyde is a 
liquid which boils at 73°-74° (Lipp, at 73®-77®J 
and has a sp.gr. 0-8170 at 20°/4° (Bruhl,*n- 
nalen, 203,18). It\s soluble in 27 parts of water. 
With sodium hydrogen sulphite (bisulphite) it 
unites, yielding a crystalline compound (Justin, 
Ber. 1884, 2505). • When treated with aqueous 
ammonia at 0°, it yields butyraldehyae-am- 
monia C 4 H n NO,3pijO, which' crystallises in 
acute rhombic tetrahedra and melts at 30°~31° 
(Guckelberger). If, however, alcoholio ammonia 
and the aldehyde are allowed to stand for a 
month, and then heated for a day at 10G®, con¬ 
densation occurs, and, $iter removal of ammonia, 
alcohol and unattacked butyraldehyde by dis¬ 
tillation, two bases, tetrabutyraldine and di- 
butyraldine C fl Hi 7 NO can be separated by 
fractional oreoipitalion with platinio ohloride. 
The latter xmly can be crystallised, and when 
, heated is converted into paraconine C.H lt N and 
Cesaro, j wa t er (SchifL Annalen, 157, 352). The triohlo- 
jobutvraldeflyde (butylchloral) and its hy<J»te 
have been prepared tty Pinner (Annalen, 170126). 
/sobutyraldehyde (CH^CH-CHO oan be pre- 
and I pared by the oxidation of wobutyl alcohol with 


J. 1873, 474 ; Bull. Soo. chiin. 41, 362). Pro¬ 
duced in small quantity by the reduction of dilute 
aqueous solution of aldehyde by sodium-amalgam 
(K.). Prepared from j8-oxybutyric aldehyde by 
reduction with sodium amalgam (W.). 

3. Isobutylene glycol, afl-dihydroxy-a - 
mtthylprppane (CH 3 ) a C(OH)-CH 2 OH; b.p. 176®- 
178°; sp.gr. 10129 at 0°, 1-003 at 20°. Pro¬ 
duced by the fermentation of sugar in presence 
of tartaric acid (Henninger and Sanson, Compt. 
rend. 106, 20&). Formed by heating isobutylene 
bromide with potassium carbonate and water 
(Nevole, Bull. Soo. chim. 27, 63); also by oxida¬ 
tion of isobutylene by means of potassium per¬ 
manganate in neutral aqueous solution (Wagner, 
Ber. 21, 1232). 

4. Symmetrical dimethylethylene gly¬ 
col, Py-diKydroxybutane CHj'CHOH-CHOHCHj; 
D.p. 183®-184°. Formed by heating for 6 or 7 
hmirs 1 vol. of symmetrical dimethylethylene 
oxide C 4 H,0 with 3 vols. of water to 100® 
(Eltekow, Chem. Soo. Abstr. 1883, 566). 

5. Tetramethylene glycol, a$-dihydroxy- 
butane OH.-(CH t ) 4 -OH; boils at 203®-205°; sp.gr. 
1-0111 (Dekkers, Chpm. Soc. Abstr., 1891,164). 

6. A -butylene glycol, differing from the 
above, boiling at 183®-184®* has also been pre¬ 
pared by Wurtz (Ann. Chim. Phys. [3] 65, 452); 
sp.gr-. 1 -048 at 0*. 

7. a-Methyl propanediol 

OH*CH t -CH(CH a )-CH 2 OH 
(Henry, Bull. Soc. chim. [3] 13, 1002 
Chem. Zlntf. 1897, ii. 179). 

Butylena diiodide, ay-diiodobutane 
CH,'CHI CH 8 -CHjI ; 

2-291. From )8-butylene glyool 


hy<friodic acid (Wurtz, Bull. Soo. chiirn 41,4862). I potassium dichromafce and sulphurio acid (Lip) 
Iioftityjene dinitrite C.H t (NO s ) s . Br trout-1 Annalen, 205, 2; Pinner, Ber. 5, 699 ; Fo&ek, 
nt g uobutylene with conoentrated nitric Mouatsh. 2, 614; 4, 661), or by distilling otlddm 

c^raba^n^fZ’ *v n h tS hi 287) ‘ , Forma * /t,rmato with calcium isobutyr&te (Lmnemtmn 
crystalline mass. Probably the same body was ; and Zothu, Annalen, 162, 71 It dissolves in 0 


inf 1 2^ y tr , eatm « tha petroleum of Tiflis (b.p. 

-50 ) with nitrio arid (sp.gr. 1.52). It formed 
needles whioh melted at 90° They were inaoluble 
a wate^but aoluble in aloohol tod ether. 

.. O, 


watet but aoluble in aloi 

Butyftne oxld^C.H.O. 

■ J. Teobutylent oxide (CH,),d^— 


i aoluble in aloohol 
le bojling-point ia 63*—64* at 
il, Antolen, 


and etfcer. The 

767 mmT (Brtthl, Anifclen, 203, 18), and the 
•£**;. °' 7 £? 8 at J°7 4 ° < Swbl )> °-78722 at 16* 
(Perkin, Obey. Soo. Treat 1884, 4761 Coo- 
densation oompounda have been obtained b*» 

Perkin /nbpm*Snn T« n . jggg " 


Perkin (ChemfSoi 

BUTYRIft AC! 


.0,. Two iaomerie 




BUTYRIC ACID. 


fonDfl of this ad^d are known, normal butyric 
ana twbutyric aoid. . » 

Normal butyric acid CH.-CH. CH^COOH 

Occurrence.— In ordinary buttgr in combina¬ 
tion with glycerol to the extent ofj5^$c.; also 
in the frusta of Heracleum villosum (Fisch) and of 
Peucedamm 5a/i^?n,(Benth. CL Hook, /.) as 
hexyl butyrate and octyl butyrate respectively; 
in the oil of Eucalyptus P.erriniana as ?i-butyl 
butyrate (Smith, J. Roy. Soc. New South Wales, 
1914, 48, 464). Butyric acid is also found in 
flesh juice, and is frequently a constituent of 
■ decomposing organic matter (v. art. Fermenta¬ 
tion) (J. 1857, 363, 402, 403, 659; 1858, 231; 
1859, 363, 364; 1861, 454; 1866, 311). The 
occurrence of butyric acid in sour milk is treated 
of by Thorpe (Chem. Zentr. 1909, ii. 1774). 

Preparation. —(1) Butyric acid is a frequent 
product of the oxidation of organic substances ; 
casein, fibrin, and albumen, for example, yield 
this acid among other products on oxidation 
with manganese dioxide and sulphuric acid 
(Guckelberger, Annalen, §4, 68). 

(2) All amylaceous' And saccharine sub¬ 
stances which yield lactic acid as a product T>f 
their fermentation can undergo a further fer¬ 
mentation to butyric acid, and this fact is made 
use of for the preparation of the acid. 5 kilos, 
of rice or potato stare)} are boiled with 60 litres 
of water for some hours, allowed to cool, and the 
product after 24 hours is*treated with 60 grams 
of malt stirred up with 2 litres of milk, with 1 
kilo, of finely divided flesh, and with 2 kilos, of 
chalk, the chalk being added to neutralise the 
lactic and butyric acids as rapidly as they are 
the whole is allowed to remain with 
oflbaBional stirring for several weeks at a tempe¬ 
rature of 25*-30°. When the evolution of gas 
lias ceased, the prbduct is heated to 80*, filtered, 
precipitated with sodium carbonate to decompose 
the calcium salt, again filtered, evaporated to a 
small bulk, and treated with sulphuric acid. 
The oily layer of acid so obtained is fractionated 
to free it from the acetio and caproio acids 
formed simultaneously, *tnd the fraction 155°- 
174* is extracted with water, which dissolves 
the butyric acid but leaves the caproic acid un¬ 
dissolved ; the aqueous extract is then neutral¬ 
ised with lime, the solution concentrated, and 
the salt finally decomposed by hydrochlorio acid 
(GriJlone, Annalen, J65, 127). 

(3) In the presence of a schijomyoes—the 
so-called Bacillus svbtilis, which can readily be 
obtained by stirring bay in water, straining the 
Liquor through a sieve, and boiling for 5 minutes 
-’■wifcz (Bor. 11, 62) has fo^nd that starch readily 
undergoes fermentation, yielding normal butyrio 
aoid as chief produot. 


TI{ 


j7B0 turn. (Kahlbaum, Ber. 10, 2480) ; at 102'3' 
(corr.).(Linnemaiin, Annalen, 180,228; Zander, 
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2074° ; /hd, 1 '39906 (Scheig, E. 1$99,169). Butyric 
a«d is inflammable-and bums with a blue flame. 
Alcohol, wood-spirit, and water dissolve it jn all 
proportions, and from the aqueous solution it 
can be separated by addition of dhicium chloride. 
Irolongea foiling with nitric acid converts it 
into succinic acid. By the action of oalcium 
carbide, dipropyl ketone may be obtained 
(Haehn, Chem. Zentr. 1900, ii. 17). 

. Suits. —The metallic salts of normal butyrio 
acid are generally soluble in water, and are crys¬ 
talline. NaB and KB crystalline in indistinct 
cauliflower-like groups. AgB» crystallises in 
needles or monoolinie prisms, and dissolves in 
200 parts of water at 14” (Linnemtnn and 
Zotta, Annalen, 161, 177); 100 parts of water 
dissolve 0-413 part, at 16° (Griinzwejg, Annalen, 
162, 203). MgB„aH,0 crystallises in very 
soluble) scales (Pelouze and Gdlis, Annalen, 47 
249). BaB.,4H,0 ** crystallises in nacreous 

scales, and dissolves'in 2-48 parts of. water at 14° 
(Linnemann ancf Zotta).. CaB„H,0 crystal¬ 
lises m rhombic forms; 100parts of wafcr dissolve 
19-4 parts at 0°. (For solubility table, see 
Hecht, Annalen, 213, 72.) SiB, forms monoclinic 
prisms; 100 parts of water at 20° dissolve 39-2 
parts of the salt (Griinzweig 1 ). ZnB,,2H,0 
forms monoclinic prisms ; 100 parts of water at 
16 dissolve 10-7 parts of the crystallised salt 
('-, 1 'Unzweig). PhB, is an oil whioh slowly 
solidifies (Markownikow, Annalen, 138, 361). 
CuB„H,0 orystallises in triclinio forms (Alth, 
Annalen, 91, 176), and CuB„2H,0i«rystallises 
in monoolinio forms (Pelouze and G$is). * 
Separation from formic , acetic , and propionic 
acids. —Mach and PortelS (Chem. Soo. Abstr. 
1890, 1344) give the following method for the 
estimation of butyrio acid in she presence of 
acetio acid (as in wine): 600 c.o. of the solution 
is distilled to a bulk of 126 c.o„ diluted to the 
original volume, and again distilled till only 
126 0 . 0 . remains. ‘This is done four times. The 
total aoid in the distillate is estimated by 
titration with soda or baryta. If soda is used, 
tho neutralised distillate is evaporated down 
suJphurio acid is added, and the mixture steam.’ 
distilled. The distillate is neutralised with • 
baryta and evaporated so far that it will solidify 
when cold. The barium butyrate is then ex- 
- , tracted with absolute aloohol, and the aqueous 
solutions of the separated salts treated with 


Vf • -a T I u separated salts treated with 

Butyrio acid has also been obtained by the sulphuric aoid and steam-distilled, the aoid in 
fermentation of glyoerol in 3 p.o. aqueous th£ distillate being subsequently titrated. 
solution ^with .a species of tchizomyces (Fitz, The separation of formio, acetic, ‘fropianic 

I J butyrio acids is also dealt’with bv 
Willcox (Chem. Soo. Proo. 1896, 202); Luck’ 


Ber. 9,1348 ; 10,276), and hat been prepared by 
various synthetical methods (Frankland and 
Duppa, Annalen, 138, 218; GeSther and 
Frlbch, ibid. 202, 306). (For conditions 
affecting the produotkm of buiyas»aoid by 
fermentation, see FiuAsumoiv." 

Properties.— Bu%rio aoid is a colourless, 
transparent Uquid,*having an odour resembling 
that of rancid blitter, and a sour burning taste. 
Cooled to -19° It aoUdjfles, and the crystals 
melt at about —2”. Twraoid bells at 161 -5° at 


Zeitsch. AnaL Chem. 10, 186); Haberiand 
(ihd. 1899, 217); and Muspratt (J. Soo. 
Chem. Ind. 1900, 204). An expression con¬ 
necting the percentage of butyrio #cii in. an 
aquomis distillate with the proportion of the 
distillate to "the original solution is. given %v 
Leonard, Smith, and Rich^gnd (Anflyrt, 1897, 
92). 

Butyryl chloride, obtained by treating 98 



m 
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giants ai butyric acid with 100 grams of {ihosr 
phorua trichloride (Buroker, Ann. Chime Fhys. 
[8] 28 0 488); boils a* 100“-101-5“ (LinneiAanp) j 
and has a sp.gr. 1-C^77 at 23°/4“ (Briihl). 

Butyrkfanhydrlde, prepared by the action,©! 
butyryl chloride on butyrio aoid (Linnemann, 
Annkien, 161,179), or by the action pf 1 molecule 
of acetic anhydride or 2 mols. sodium butyrate 
(Michael, Chem. Zentr. 1901, i. 1088), boils at 
191°—193* (L.0 ;*■ and has arsp.gr. 0-978 at 12;5“ 
(Gerhardt, Annalen, 87, 156). 

Butyramide, formed by heating dry ammo- 
■ nium butyrate for six hours at 230“ (Hofmann, 
Ber. 1882, 682); crystallises in tables; melts at 
115°; boils at 216° (J. 1856, 516) ; and is readily 
Boluble in water. 


a-Chlorobutyrio acid CH 3 -CH 2 CHC1C0,H 
is a thick iiqpid difficultly soluble in water 
(Markownikow, Annalen, 153, 241). 

(8-Chhrobutyrlo acid CH 3 -CHC1-CH 3 -C0 3 H, 
thick liquid (Pinner, Ber. 1879, 2056; 1884, 
2008). 

7 -Chlorobutyr!j acid CH S C1-CH 3 -CH,-C0 3 H. 
Esters only known (Henry, Chem. Zentr. 1898, 


ii. 273k T 

1 e/8-DlohIorobntyrlc acid ' 

OH,-CHCl-CHCi-CO,H, melts at 72“-73“ (Meli 
kow, Annalen, 234, 201 ; 266, 372). 
fiy-Diehlorobutyrlo acid 

CHjCl CHCl-CHj COjH; melts at 49“-50“ (Lds-! 
pieau, Compt. rend. 129, 225). 

aajS-frlohlorobutyrlc acid 
CH,-CHC1-CC1 j-C 0 3 H; melts at 80° (Kahlbaum 
Ber. 1879, 2337 ; Gargarolli, Annalen, 182, 185). 

aay-Trichlorobutyno acid 
CH,Cl-CH 1 -Ca 1 -CO ! H; melts at 73°-75° (Nat- 
terer, Monatsh. 4, 651; 5, 206). 

ai8/9-Trtehlorobutyrle acid 
CHj-CCI.-CHCI COjH ; melts at 52° (Ssenio and 
Taggese]l,%er. 1895, 2665). 

‘ Tetrachlorobutyrlc add C 4 H 4 C1 4 0,; melts at 
14<f' (Pelonze and Gdlis, Aroh. Pbarm. [31 10, 
434). 

Bromobntyrio adds have also been obtained 
by Naumann (Annalen, 119, 120), Schneider 
(J. 1861, 468), and Michael and Norton (Amer. 
(Stem, J. 2, 16). [8ft also doves, Chem, Zentr. 
1902 I 406.) 

/iobutyrlo add (CH,), CH‘COOH. 

Occurrence. — /eobutyrio acid ooours in the 
fruit of 'Siliqua dtUcie (Griinzweig, Chem.' Soo. 
Trans. 1873, 373), and in arnica root [Arnica 
montana) (Sigei, Annalen, 170, 348). 

Preparation. —/eobutyrio acid is most readily 
prepared <)y*the oxidation-of isobutyl aloohol 
with a mixture of sulphurio aoid and potassium 
diohromate. Pierre and Puohot (Ann. Chim. 
Phys. [4] 28, 366) give the following propor¬ 
tions : /sobutyl alcohol (300 parts) is mixed with 
water []g00 parts) and sulphuric aoid (640 parts) 
and into th&well-oooled mixture finely powdered 
potassium diohromate (400 ports) is gradually 
mtroduoed. An ethereal, layer separates, con¬ 
sisting of isobutyl isobutyrate, whioh ia de¬ 
composed allowing 55 parts to fall slowly on 
1*0 puts ft oaastic potash to whioh one-tenth 
it# woight»of water has been added; die re¬ 
acting potassium .salt ia then ^iatilled with 
dilute etiyl urio acid, and the aqueous aoid 
purified by fraetioCtf distillation. 

. Synthetioal methods for preparing this aoid 
hare been described by Franklaud and Duppa 


(Annalen, 138, 337), and Marlownikow (Anna, 
len, 138, 361). ’ 

Propcrtkf .—/sobutyric aoid resemble* its 
isomeride in appearanoe, but has a less disagree¬ 
able odfkur- n boils at 152“ at 760 mm. (Kahl- 
bourn, Ber.'fie, 2480); at 153-5“-158#“ at 750-3 
mm. (Bffihl, Annalen, 200. 180); at 154MS4-2* 
(Zander, ibid. 224, 77); 754-0“ (corr.) (Thorpe 
and Rodger); sp.gr. 0-9651 at 0“ (Zamier); 
0-9503 at 20° (Linnemann, Annalen, 162, 9). 
It dissolves in five times its volume of water (I*). 
The metallio salts of tsebutyrio aoid ore more 
soluble in water than those of the normal acid. 
The potassium and sodium salt*- form oauli- 
fiower-like masses. AgB crystallises in cha¬ 
racteristic tabular forme; 100 parts of water 
dissolve 0-928 part jit 16° (Griinzweig, Annalen, 
162, 210). MgB t forms white so&les. 

CaB„5H 2 0 forms four-sided monoolinio crys¬ 
tals ; 100 parts of water at 18“ dissolve 36 parts 
of crystallised salt (G.), and the solubility in¬ 
creases as the temperature rises. SrB,,5H,0; 
100 parts of water at 17° dissolve 44-1 parts 
ot the crystallised * salt (G.). B&B|,}H t O 
forms monociinio crystals (Fitz, Ber. 1880,1316). 
ZnTij.HjO; 100 parts of water at 19-6“ dissolve 
17-3 parts of the crystallised salt (Griinzweig). 
PbBj crystallises in rhombio tables and dissolves 
in 11 parts of water at 16 s . 

/sobutyryl chloride, prepared by treating 
(sobutyrio acid (12 parts) with phosphorus tri¬ 
chloride (7 parts), and subsequently distilling 
(Tonifies and Staub, Ber. 1884," 850); boils at 
91-5“-92-6“ at 748-2 mm.; and has a sp.gr. 
1-0174 at 20°/4“ (Briihl, Annalen, 203, 20). 

/sobutyryl anhydride, obtained by boilihg 
(sobutyrio acid with (sobutyryl chloride for 
12 hours in a reflux apparatus and fraction¬ 
ating the product (Totmies and Staub, Ber. 
1884, 850); boils at 181-5“ at734 mm.; and has 
a sp.gr. 0-9574 at 16-5*. 

/sobutyramide, formed by heating dry am¬ 
monium (sobutyrate at 230“ for sixhours; melts 
at 128“~129“ (Hofmann, Bor. 1882, 982). 

a Chloroisobutyrle acid (CH,),Ca-CO,H; 
melts at 31“ and boils at 118* (Honry, BulL Soo. 
ohim. 26, 24; Balbiano, Ber. 1878, 1693). 

afl-Diehloroisobutyrlc add 
CH 3 -CH(CH ! Cl)-CCl-CO,H (Broohet, Ann. Chim. 
Phys. [7] 10, 375). 

Trichlorispbutyric add C 4 H,C1 3 0,; melts at 
50“ (Gottlieb, J. pr. Chem. [2] 12,1). 

Bromoisobutyric adds have been prepared by 
Markownikovg (Annalen, 153, 229); Engdhum 
[ibid. 200, 85, 68) ; £ahours [ibid. Suppl&uB, 
349, 352). 

Butyric esters. These compounds are fat 
the most part prepared by the aetion of butyric 
acid on the corresponding alcohols in presence 
of some dehydrating agent suoh as sulphuric 
acid, the temperature being raised eventually 
to complete the reaction. Butyrio esters an 
liquids whioh dissolve in aloohol and ether in 
all proportions, but are only very sparingly 
soluble i' water. Qa saponification with 
caustio potash they yield the corresponding 
aloohol and potassium butwate. 

Methyl butyrate C 4 H,GpIe, prepared atari- 
larlv to the eth# eater, it a colourless Squid 
with a pleasant odoMt M q am tliBg that of jwo*- 
apples. It boils at raJOr at 760 mm. (Srint; 
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mimn, Pogg. Ann.\2] 12, 411 j and has a ap.gr. j Melhyl isobutyrate boils at 92-3° at 700 m.m. 
^3*0394 at 0 s /4° (Elsasser, Annalen, 218, 814). (Schumann); and has a sp.gr. 0-9112 (Els&sser). 

BOSfl btttyrats, butyric ether, is prepared by Ethyl wobutyrate boils aHllO-l 0 at 730»mm. 
adding 1 part by weight of sulphuric acid to 2 (Sohumann); its sp.gr. is 0-8903 (EMsser). 
parts each by weight of butyrio acid lioohol. ftopyl isobutyrate boils at 133-0* at 790 mm. 
The liqnidTieeomes heated, and the missturo at (Schumann; its sp.gr. is 0-8843 ((Els&sser). 
once separates into two layers of which the isopropyl-isobutyrate boils at U8°-121* at 
upper one consists of ethyl butyrate. To com- 727 mm.; and haB a sp.gr. 0-8787 at 0° (Plibiam 
ptete the reaotion it is neoessary to heat the pro- and Handl). * 

duct at about 80° for a short time. The upper afsobutyl isobutyrifte boils a£ 146-6* at 
layer is separated, washed with water, dried 760 mm. (Schumann); its sp.gr. at 0* 0-8762 
, over oalcium chloride, and distilled. The pre- (Grttnsweie). 

i senoe of considerable quantities of water does /soarnyl isobutyrate boils at 168-8° at 
not seem to hinder esterification (Pelonze and 760 mm. (Schumann); and has a sp.gr. 0'876‘J 
Gdlis, Annalen, 47, 250). at0°/4° (Elsasser). 

Ethyl butyrate is a colourless liquid having a-BUTYROBETAINE r. Betaihes. 

an odour like that of pine-apples. It boils nt BUTYROLACTONE v. HydboxybctvEIO 

119- 9° at 760 mm. (Schumann); and has a acids. t 

sp.gr. 0-8996**at 0°/4° (Elsasser), b.p. 120-0° BUTYRONE. Dipropyl ketone C,H u O. 

120- 5°; sp.gr. 0-8784 20°/4° (Matthews and Butyrone is obtained by distilling oalcium 
Paville, J. Phys. Chem. 1918,22, 1). A solution ! butyrate, or preferably a mixture of calcium 
of ethyl butyrate is used in perfumery and in butyrate and calcium carbonate (Schmidt, Ber, 
confectionery under the n%mc of pine-apple oil. 5, 597); the crude product iv dehydrated by 

Propyl butyrate boils 142-7° at 760 mm. j treatment with calcium chloride, and purified by 
(Sohumann); and has a sp.gr. 0-8930 at 0°/4°! fractional distillation., Butyrone boils at 144 , 
(Elsasser). and has sp.gr. 0-8195 at 20°, does not oom- ' 

isopropyl butyrate boils at 129° at 755 mm.; bine with ammonia" or sodium hydrogen sul- 
and has a sp.gr. 0-8787 at 0° (Silva. Ber. 1869, phite (bisulphite), yields a mixture of propionio 
283), 0-9027 at 0° •{Pribram and Handl, and butv ric acids on oxidation with*, chromic 
Monatsh. 2, 690). 0 acid, and is converted into a secondary alcohol 

Butyl butyrate boils at 364-8® (corr.), and C 7 H ie O and butyrone-pinaoone C 14 H 8 oO a on 
has a 8p.gr. 0*8760 at 12° (Linnemann, Ann- treatment with sodium amalgam and water 
alen, 161, 195; oompare also Lieben and Rossi, (Kurtz, Annalen, 161, 205). 
ibid. 158, 170). An isomeride di-isopropylkelone can be pre- 

/sobutyl butyrate boils at 156*9° at 760 mm. pared by distilling calcium wobutyrato (Miinoh, 
(Sohumann); and has a sp.gr. 0-8798 at 0°, Annalen, 180, 327); it boils at 124°-126°, has a 
0*8664 at 16° (Grunzweig, Annalen, 162, 207). sp.gr. 0*8254 at 17°, arid does not combine 
/soamyl butyrate boils at 178*6° at 760 mm. with sodium hydrogen sulphite. 

(Sohumann); and has a sp.gr. 0-8823 at 0°/4° BUTYRO REFRACTOMETER v. Refiucto- 
(Elsasser). . •*’ meters. * 

The hexyl-and octyl-butyrates occur in the BUXIN. An alkaloid obtained from the bo£ 
oils from the fruits of Heracleum giganteum tree (Buxits semperirirens). ^Hager (Chem. Zeiftr. 
(Franohimont and Zinoke, Ber. 4, 824) and 1877, 119) found it in beer as an adulterant. It 
Pastinaca saliva (Renessg, Annalen, 166, 80) .s said by Walz (N. J. P. 14, 15) to be identical 
respectively. with bebeerine ( q.v .). 

Ethereal salts of tsobutyric aoid have been BYNIN. Trade name for liquid malt ex- 
prepared : tract. „ 

a 

9 

C 

• 

CABBAGE. Braseica oleratea, •This plant cabbages contain sulphur compounds, some of 
bos been modified by careful selection and which easily undergo decomposition with pro- 
cultivation so as to produce several apparently duction of sulphuretted hydrogen, 
very different varieties: C The average composition of cabbhgdb, as used 

>*}. Those which form,*, comjfcct head by for cattle food, is, according to Kellner— 
overlapping of the leaves, as in the ordinary Sol. carbo- 

oabbage. Water Protein Pat hydrates Fibre Ash 

2. Those of a straggling, open habit of 84-7 2’5 U-7 8'1 2-4 1'6 

growth, with a branching stem but no distinct whilst, according to American analyses, the 
‘ heart ’ or head, e.g. thousand-headed kale. edible portion of culinary cabbages qpntains : 

3. Those in which a dense head of imperfect Sol. carbohydrates Blbre 

flowers are formed, as Cauliflower and broccoli. Water Protein Put -— — - - — A* 

4 . Those in whioh the stem is eribrmously ®0-3 2-1 0'4 5-8 1-4 

developed so aa to form a globe, as in kohl- Included in the carbohydrates mannitol and 
rabj. »• • #**’ glucose have bodi been detected (Busolt, i. 

i. Those in whioh & large number of email Laudw. 1914, 62,117). •* •* 

• heads' are formed on a tail stem—Brussels Cafcbages„as a farm crop, respond to liberal 

sprouts. . manuring, and in inland districts ar^benefitlll 

Of the cabbage itself, thgje are many by a email dressing of the sethwith oornmon salt, 
varieties, differing m jMu/jmye, and colour. They do best, as a rule, on heavy land, and are 
like all the members of tJfe Ontdfera, usually transplanteS from seed-beds, 

Vot ,,!.—T 



®Min, Poes. Ann.%] 12, *1 
««*•»?/*' (Burner, 4m»len, 818, 814> 
Ettyl (ntyrie tllar, is prejwmd by 

*4din| 1 put by weight oi sulphuric sejd to 2 
puts Mob by weight <3 butyric Mid Jloohoi. 
The liqnid^eeomee hosted, sod the mist lire at 
one* separates into *wo layers of which the 

E one consists of ethyl butyrate. To com- 
*e resotiou it is uee'eaury to heat the pro- 
it shout 80" for s short time. The upper 
layer b separated, washed with water, dried 
over oalrium chloride, and distilled. The pre¬ 
sence of oonsklerable quantities of water docs 
not seem to hinder esterification (Pelouze and 
Gilts, Annalen, 47, 250). 

Ethyl butyrate is a eolourleB# liquid having 
an odour like that of pine-apples. It boils at 
Ue-S 0 at 760 mm. (Schumann); and has u 
sp.gr. 0 8096uat 074* (Etauwer). b.p, 12011 °- 
120'5°; ep.gr. 0-8784 2074* (Matthews and 
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and has a ap.gr. ; J Methyl fsobutyrat* bods at 92 8° at 780 aim. 


(Schumgnn); and haeasp.gr. 0-9112 (Elibeer). 

Ethyl wobutyrate boils *94110-1° at 780hmm. 
(Schumann); its sp.gr. b 0-8903 (Wistseer). 

Bropyi uobutynt* bods at 133-9* af TOO mm. 
(Sohumaun; its sp.gr. is 0-8843 gEMsaer). 

fsopwpyl bobutyrate bods at 1 IS’—IS 1* at 
727 mm.; and has a sp.gr. 0-8787 at 0® (Plihrsm 
tad Handl). ° 

a/sobutyl uobutyiA* boils If 146-6* at 

760 mm. (Schumann); its sp.gr. at 0* 0-8762 
(Grilnsweig). 

1 /soamyl bobutyrate boils at 168-8* et 

i 760 mm. (Schumann); and has a sp.gr. 0-8759 
I at07*“ (Elsaseer). 

aBUTYROBETAINE I'. Uetacuis. 
BUTYROLACTONE r. HYnnoxvauTWO 

AMDS. j 

BUTYROKE. Dipmpyl J-etone C^ u O. 
Butyl-one is obtained by distilling calcium 


Fuville, J. Phya t hem. 1918, 22, 1). A solution ! butyrate, or preferably a mixture of calcium 
of ethyl butyrate ib used in perfumery and in ; butyrate and calcium oarbonate (Sehmidt, Bet. 
confectionery under the ptmo of pine-apple oiL 6, 607); the crude product i» dehydrated by 
Propyl butyrate boils at 142-7° At 740 nun. ■ treatment with calcium chloride, and purified by 
(Sohumaun); and has a sp.gr. 0-8930 et 0°/4*| fractional distillation, Butyrnne boils et 144°, 


(Elsasser). 

Isopropyl butyrate boils st 120* at 755 mm.; 
and hat a sp.gr. 0-8787 at 0° (Silva, Bor. I860, 
283), 0*6027 at 0° .{Pribram end Handl, 
Monatsb. 2, 690). 

Butyl butyrate boils et JB4-8* (corr.), and 
hea a sp.gr. 0-8760 at 12* (Einnemaun, Ann- 
alm, 161, 195; compare also Lieben and Rossi, 
ibid. 168, 170). 6 

/sobntyl butyrate boils at 156-9° at 760 mm. 
(Schumann); and has a sp.gr. 0-8793 at 0°, 
0-8684 at 16° (Orttnaweig, Annalen. 162, 207). 

leeamjl butyrate boils at 178-6° at 760 mm. 
(Schumann); and has a sp.gr. 0-8823 at 074° 
(ESflfaser). 

The hexyl* and octyl-butyrates ooour in the 
oil* from the fruits of Htmckum gigankum 
(Franchimont and Zuioke, Ber. 4, 824) and 
Partinaca Mtfui (Reneeag, Annalen, 16ft, 60) 
rapectively. 

Ethereal salts of tabutyriQ acid ha-70 been 
prepared: 


j and haa sp.gr. 0 81*5 at ‘20°, does not com* 
bine with ammonia." or sodium hydrogen «d- 
phite (bisulphite), yields a mixture of propionic 
and butyric acids on oxidation with* chromic 
acid, ana is converted into a secondary alcohol 
C 7 H 1( 0 and butyrone-pinacone C^HijOj on 
treatment with sodium amalgam and water 
(Kurtz, Annalen, 161, 205). *> 

An isomeride di-isopropylkdone can be pre¬ 
pared by distilling calcium wobutyrato (Miinob, 
Annalen, ISO, 327); it hoih at ]24°-126°, has a 
ep.gr. 0-8254 at )7°, and doee not combine 
with Bodium hydrogen sulphite. 

BUTYRO REFRACTOBJETER v. garfcAOTO- 

metebs. * - 

BUXIN. An alkaloid obtained from the box- 
tree (Bums Hmpertnrena). ^ager (Cham. Zeiffrr. 
1677, 119} found it in beer ae an adulterant. It 
a said by Walz (N. J. P. 14, 15) to be identical 
with bebeerine 

BYNIN. Tredo name for liquid malt «* 

tract, „ 




CABBAGE, Bnutiut nfcracw. .This plent 
has been modified by careful selection and 
cnttivatwn u> a« to produce several apparently 
Very different varieties: C 

<SS. Thcae ■which form.» comjAct head bj 
overlapping of the leaves, aa in the ordinary 
cabbage. 

2. Those of a struggling, open habit of 
growth, with a branching stem but no distinct 
'heart' or head, t.g. thousand-headed kale. 

8. Those in whioh a dense head of imperfect 
flowers are formed, aa cauliflower and broccoli. 

4 . Those in which the stun is eribrmously 
developed so as do form a globe, as in kohl¬ 
rabi a • # a** 

1. Those hu whioh a large number of small 
< beads 1 are fornog on a tall stem—Brussels 
arMtt, . * 

Of the cabbage itself, thye are many 
varietwe, diAertng m jlsarfhape, and colour. 
TAa afl the metsbere of tae Cntotftra, 
Vol. i.—r 


cabbages contain sulphur compounds, some of 
which easily undergo decomposition with pro¬ 
duction of sulphuretted hydrogen. 

The average composition of cabhhgA, as used 
for cattle food, is. according to Kellner— 

Bat. coibo- 

water Pictsla Fst hydrate* Fibre Aa 

947 2-0 97 87 2'4 l* 

whi&t, according to American analyses, tbs 
edible portion of culinary cabbages contains : 

Sol. carbohydrate i At re 

Water Protein Fat - A* 

60-3 27 04 5-8 M 

Inoluded in the carbohydrates mannitol and 

g uooss have both been deteoted (BusoH, i. 
audw. 1914,92, U7). 4* a* 

Cafcbagea^as a farm nop, respond to liberal 
manuring, and in inland districts at^bonefttffi 
by a small dressing of the ssffwwith common salt. 
They do best, sa a rule, aa heavy land, and an 
usually transplanted from ased-beda. 
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Fermentated cabbage (sauerkraut) yiejls 
acetio and propionic acids with occasional traces 
of fstmic acid together with an inactive form of 
lactic acjd. Ethyl and propyl alcohols are also 
formed together with small quantities of esters 
(Nelson and B&ck, J. Amer. Cnem. Soc. 1918,40, 
1001 ). 

'"CACAO BUTTER (spelt also Cocoa Butter), 
is expressed! from the cacao bean, the seeds of 
the cacao tree, Tbeohroma cacao (Linn.). < 

The cacao tree is indigenous to the West 
Indies, but has been introduced into various 
tropical countries, especially Central and South 
America and to the West Coast o'x Africa and the 
islands in the Bay of Benin. It has also been 
introduced into Nigeria, and an inducement has 
been held out by the Government to the Nigerian 
peasants to 'grow cacao. As the beans are 
chiefly worked up for tho preparation of cacao, 
the cafoao butter must be considered, to some 
extent, a by-product of thp chocolate industry. 
For the production of cacao butter, the beans 
are roasted ov6r a coke fire, and the husks arc 
separated by winnowing. The kernels thus laid 
bare are ground under miCstones and reduced-to 
a paste, when the bulk of the fat is removed 
by hot expression in hydraulic presses. As the 
fat in the bean has undergone slight hydrolysis, 
it is usual to add a carbonate, either of potassium 
or ammonium, to the beans before roasting, 
Hence, in the examination of cacao butter, the 
presence of ammonia or potash soap may be 
expected. 9 

In Cook’s patent prooess (U.S. Pat. 1006913, 
1911) the roasted beans are decorticated, and 
then pressed sufficiently to powder the mass, and 
express part of the fat. 

A special form of press for separating the fat 
from tlwk beans has boen devised by Hand 
{(Eng. Pat. 13188, 1915). 

c The average composition of the cacao bean 
is, according to Korig, as follows:— 


Per cent. 


Fat 


. 490 

Water . 


. 5-4 

Proteins 


. 12-8 

Carbohydrates' 


. 25‘7 

Crude fibre 

. 

. 371 

Ash 


. 3-41 

composition of the shell is as 

follows^— 

Fat 


. 4-21 

Water . 


. 1119 

Proteins 


. 13-81 

CaiCohydrates 


. 43-95 

Crude fibre* . 


. 17-63 

Ash 


. 9-88 
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• Thfcproportion of fat in the bean varies from 
about 50 1*> 56 p.c. In the production of cacao 
powdef, only a portion of the cacao butter Jb 
expressed, whereas the beans intended for the 
manufacture of best chocolate are not expressed, 
90 that the full amount of fat is allowed to remain 
fii the ground mass. Manufacturers of oheap 
dhocolatdl remove, a portion of the costly cacao 
gutter hf expression, replacing it by Jmeaper 
substitutes {see. Chocolate pats). The kernels 
contain a small entrant of theobromine, a portion 
of which passes into the Qaoao butter on ex- 
ptwnioQ. 


Caoao butter has a yellowish-white colour, 
turning white on keying, an agreeable taste and 
pleasant odour, recalling that of chocolate. At 
the ordinary, temperature, the fat ie somewhat 
brittle. & $ appears to consist, to a very large 
extent* of oleodistearin and oleodipafinitin. The 
solid acids of cacao butter consist of stearic and 
palmitic acids ; small quantities of arachidio acid 
are stated to occur also amongst the soM fatty 
acids. * 

The proportion of stearic acid in the fat is as 
high as 39-40 p.c. Amongst the liquid fatty 
acids there seem to be present about 6 p.c. of 
acids less saturated than oleic acid, most likely 1 
lmolic acid. From the iodine value of the cacao 
buttei, viz. 32-42, the conclusion may therefore 
be drawn that it contains not more than about 
30 p.c. of oleic acid. The unsaponifiable matter 
of cacao butter amounts to leSs than 1 p.c. 
Matthes and Rohdich (Ber. 1908, 41, 19) 
found in the unsaponifiable matter a hydro- 
carbon (most likely identical with amyrilene), 
stigmastorol, and a. phytosterol melting at 
130°. 

In the older literature the statement fre¬ 
quently occurs that cacao butter does not turn 
rancid. But it is a matter of common experi¬ 
ence that cacao butter, exposed to light and air 
at the ordinary temperature, becomes rancid in 
the course of time. * Equally erroneous is the 
statement that rancid cacao butter is obtained 
from mouldy beans. Most shipments of cacao 
beans become mouldy in transit, but as the 
beans in the initial state of manufacture are 
roasted, the mould is destroyed, so that cacao 
butter prepared front these beans need not, of 
necessity, readily become rancid. With the 
growth of the consumption of chocolate and 
cacao, the tradg in cacao beans has become of 
very grefft importance. 

Holland is the largest exporter of cacao 
butter, whilst Germany was the largest producer, 
but exports relatively very little. Of late 
years the demand rfor the fat has greatly 
increased, and the price has risen corre¬ 
spondingly. 

Cacao butter, being very high in price, in 
normal times even hiper than cows’ butter, is 
frequently adulterated with, if not Completely 
substituted by, ‘ chocolate fats.’ The adulterants 
formerly employed, such as tallow and paraffin 
wax, are c easily detected, and henoe these 
adulterants have disappeared. The same holds 
good of cooo-nut and palm-nut stearins, which, for 
c Bome time, ^ere largely used to adulterate ooo&Q 
butter. Latterly, adulteration with cacao'-shell 
butter has been practised and is still in Vogue; 
for this purpose, the huski are ground and again 
expressed, or even extracted with volatile sol¬ 
vents. As the fat thus obtained yields, in 
analysis, practically the same ebaraetoriefcie 
numbers as genuine cacao butter iteelf, chemical 
analysis, alone is unable to reveal adulteration 
with oacao-shell butter. 

Pr^uets commercially known as ‘green 
butter "•^reamow extensively used for mixing 
with cacao butter. Thej* consist of a refined 
vegetable tallow ooloured* with chlorophyll or 
with an anilifie *lye. The adulteration may he 
detected by a modification of Halphen’s test 
(J. Pharm. £him. ®08,*28, 345). On ad&ttg 
bromine to a solution of the fat in carbon tew** 
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ohlotide, pan oa#»o batter immediately gives a 
turbidity, whilst in tits easp of 1 green'butter ’ the 
liquid remains qjsar (Revis and Bolton, Analyst, 
1813, 38, 201). . 

Cacao butter, being chiefly priMiyJd as a 
by-produdt in the manufacture o! cgcoa, is 
obtainable in large quantities : it is at present 
mainly used in the manufacture of cheaper 
chocolate. Smaller quantities are used in 
confectionery, inspharmaoy for making supposi-' 
torias and nitroglycerin tablets, and in the 
‘ enfleurage ’ prooess of preparing delicate 
ethereal oils., J. I,. 

CACHALOT OIL. Oil obtained from the 
blubber of the cachalot. {For its properties and 
composition, v. Fendler, Chem. Zeit. 1005, 29, 
555.) 

CACODYLIAGOL. Syn. for guaicol caco- 
dylate. • 

CACODYLIC ACID and CACODYLATES v. 

Arsenic, Organic compounds of. 

CADAVERINE r. Putrefaction bases. 

CADE, OIL OP v. Jwi$fer. # 

CADIE GUM v. Gums. 

CADINENE v. Terpines, Juniper. 

CADMIUM, ( Kadmium , Ger.) Sym. Cd. 
At. wfc. 112 3 (Quinn and Hulett); 112*42 
(Baxter and Hartmaift); 112-32 (De Coninck 
and Gerard). # 

Cadmium occurs in small quantities as sul¬ 
phide in Greerux’ltte at Bishopton, Renfrew¬ 
shire, and in Pennsylvania and Bohemia. Thi9 
is the only ore Containing cadmium as the prin¬ 
cipal element. Cadmium occurs in small quan¬ 
tities in nearly all zinc ores, but the percentage 
is considerably lower than that usually stated. 
Jensch and Klieejpen have shown that the cad¬ 
mium in zinc ores averages about 0*1 p.c., 0’5 p.c. 
being only reached in the richest samples, though 
oooaaional specimens are stated to have yielded 
considerably higher values. It occurs also in 
the silicate and carbonate of zinc at Freiberg, 
Derbyshire, and Cumbered, and in most com¬ 
mercial zinc. 

Preparation.— In the reduction of zinc ores, 
the first portions of the distillate consist of a 
mixture of the metals *zino and cadmium and 
their oxides, but containing a higher percentage 
of cadmium (on aocount of its greater volatility) 
than the original ore, and by further similar 
treatment it is still further increased. When 
sufficiently rich, it is used for the extraction of 
> the cadmium. At Silesia., the first portion of the 
distillate, whioh contains from • to 6 p.c. of 
oiRmium, is mixed with #fbout onfe-fourth of fts 
weight of coal, and distilled at a dull-red heat ; 
the cadmium then distils with a little zinc, but 
the greater part of the latter metal remains 
behind The oadmiura is purified by fractional 
distillation until a product of 99*5 p.c. or more is 
obtained; it is then cast into small cylinders 
about i inch thiok. # 

The chief output of cadmium comes from 
Silesia. A little cadmium is recovered in this 
country in the purifioaffcm of zjpc ittAhate, in 
the manufacture of Jithopone, or from baghouse 
dusts as lead smelters. Another source whioh 
may become important in viejf of the increasing 
number of eleotrotytio tine plants is the preripi- 
t«te obtained in purifato# the electrolyte prior 
to dejwsition of the tine, as wea as the anode 


ifud.* Flue dust from brass works contains as 
much fs 2-3 p.c. of cadmium. The supply can 
easily bo increased to mart any reasonable 
demand. • 

Various wet methods for the extraction of 
the cadmium from the concentrated fluq dust 
hare been proposed and tried. Some of these 
are dependent on the precipitation of cadmium 
from acid solutions by means df jino ; others on 
tty} solubility of ziAo in neutral ammonium 
carbonate. • 

Electrolytic methods for the refining of 
cadmium are employed, the cadmium being 
deposited on‘platinum electrodes and distilled 
in vacuo. 

Properties. —Cadmium is a white metal with 
a tinge of blue, of strong lustre, and capable of 
taking a high polish. It produces a metallic 
streak on paper like lead, but less readily. 
Cadmium is compact in texture and ai fibrous 
fracture, harder agd more tenacious than tin; 
it may be drawn mto thin wire or hammered 
into leaves, but when heated ID 80° it becomes 
brittle, and may be powdered in a mortar. On 
account of its crystalline structure, it craokles, 
like tin, when bent.. 

By distillation in a current of hydrogen, cad¬ 
mium may be produced in Tegular octahedra and 
other forms of the cubic system. • 

Cadmium melts at 321 -7° (Holbom and Day); 
320-9° (Holbom and Henning), and boils at 
705-9° under a pressure of 700 mm. (Heycock and 
Laraplough). its vapour density at 1040° is 
3-94 referred to air, or 50-3 referred to hydrogen. 
Hence it appears that the molecule of cadmium 
contains but one atom at that temperature, 
whilst further the values for the latent heat 
of vaporisation (calculated from the vapour 
pressure) indicate similar molecular states in 
liquid and gas (Traubo). It is rotained jp 
colloidal solution by electric sparking witj} a 
cadmium cathode in wate* 

According to Demarcay, it emits vapours 
when heated below the melting-point (Compt. 
rend. 95, 183). When heated# in air, it bums 
readily, evolving brown fumes of the oxide. 
Cadmium dissolves in hydrochloric and sul¬ 
phuric acids with evolution of hydrogen. It is 
readily attacked ^y nitric acid. It combines 
directly with chlorine, bromine, and iodine when 
placM in solutions of those elements. Cad¬ 
mium gives a brilliant spectrum of red, green, 
and blue lines, and its use has been suggested 
as a convenient standard in refractometry 
(Lowry). ♦ • 

The salts of cadmium, as a rule, are but 
slightly dissociated in solution—this is especially 
so in the case of the iodide—and are hence 
Jiatye to be incompletely precipitated by 
reagents. • 

Detection. —All compounds o& cadmium, 
when heated on oharooal in the ^reducing 
flame, give a brown incrustation. Sulphuretted 
hydrogen produces a yellow precipitate in add 
solutions, Boluble in strong hydroohloric acid, 
insoluble in alkaline sulphides; it is thus ex¬ 
tinguished from antimony and arsente. •• 

Estimation. —Cadmium may be precipitated 
as oarbonate and weighed as oxide* Owing, 
however, to the reduction ot the oxide and the 
great volatility of the metal, if filter papers see 
employed, the results are tow, even when careful 
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precautions are taken. A Ooooh oruoltte and 
usliesfcos filter should therefore be employed. 

Cadmium may also.he estimated by precipitation 
froma neutral solution by eioess of diammonium 
phosphate,' and, after standing some time, 
collecting the .precipitate on a weighed filter 
papet, dried at 106° (Page and Miller). 

.Electrolytio methods of estimation hare also 
been found to be suitable and to yield accurate 
results. A ejfanide solution with an E.M.F. of 
3 to 3-5 volts and a current of,. 0-02 to 0-05 
ampere, is a convenient arrangement (Rim. 
bach). 

To separate it from other metals not precipit- 
able by sulphuretted hydrogen in acid solution, it 
is preoipitated as sulphide by that gas, washed, 
dissolved in nitric acid, and preoipitated with 
sodium carbonate. 

Alloys Of cadmium. The addition of cad¬ 
mium ig metals usually increases their fusibility 
without destroying their malleability. 

The alloys with gold and copper are brittle; 
the others are nsually ductile and malleable. 

With gold, a crystalline brittle silvery alloy, 
corresponding with AuCd. has been prepared, 
and the existence of a compound, Au,Cd„ 
is also indicated. Alloys, cpntaining between 
61 and 63 p.c. of sadmium, are very brittle. 

With platinum, a white crystalline compound 
appears to exist; and with copper compounds 
Cu,Cd and C»,Cd„ are indicated. The alloys 
rich in cadmium are steel-grey and soft, but 
become harder and more brittle with increase of 
copper up to 26 - 6 p.c., when the hardness again 
decreases and the yellow colour of copper 
appears. Researches l>y Rose on alloys of silver 
and cadmium indicate the existence of the com¬ 
pounds AgCd a , Ag,Cd 3> AgCd, Ag a Cdj, Ag,Cd, 
and Ag.Cd. Alloys containing over 80 p.c. 
silver are%niform and homogeneous, and well 
Sited as material for trial plates for silver 
coinage and ware, (or which the silver-copper 
alloy is not quite satisfactory. With sodium 
a compound, CdjNa, has been prepared, and 
compounds OdMg and CdMg, are indicated in 
(lie alloys with magnesium. The addition of 
J p.o. oadmium to jinc increases the breaking 
strain, but more than i p.c. has the opposite 
edeet. The amalgam, wifb mercury, waB 
formerly used in dentistry, but its use has been 
discontinued, as it produces discolouration of 
the dentine. Multiple alloys, containing bis¬ 
muth, frequently melt below 100°, and are used 
as fusible alloys: for these and other alloys con¬ 
taining bismuth and cadmium, v. Alloys oj 
bismuth, art. Rxsmdth. The metal is occasion¬ 
ally used as a substitute for tin in solder. 

Cadmium oxide CdO is prepared by heating 
the carbonate, in which case it is of a pale-brown 
colour; or by igniting the nitrate, when it is 
atuoh darker and foams minute crystals. By 
heating .cadmium in a ourrent of oxygen, the 
oxide may he oondensed in ootahedral crystals; 
at low temperatures, some peroxide is also 
formed (MmchotJ. Cadmium oxide is infusible, 
insoluble in water, soluble in /acids. It ctm- 
ftittdtas the brown deposit forind in th? eon- 
denser*in the destination of zinc.# *' ' 

' rOnSinhtm suboxide Cd,0 appears to be 
formed in small qifadtity when cadmium oxalatei ro sne iaurio qji 
M-heated m a stream Of oarbon dioxide (T&nataw being then preor 
. Zerteoh. anorg. Chem. **01, 27, 433), or when | Oadmkun ^ 
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cadmium oxide lb heated wit# carbon monoxide 
(Brialee, Chem, Soo. Trans. 1908, 93, 162), or 
by dehydrating cadmioua , hydroxide, obtained 
by the action-, of water on the product formed by 
fusingtcadfciium chloride with cadmium (Moore 
and Jones/Amer. Chem. J, 1890, 12f 488). Of* 
Denhain, Chem. Soc. Trans/ 1919, 556. 

Cadmium chloride CdCl a is prepared by 
evaporating the solution of the metal or oxide 
in hydrochloric acid. It melts below a red heat 
and sublimes at a higher temperature, con¬ 
densing in micaceous plates. 

Gadpilum iodide Cd[ 8 is obtained by digesting 
J part of the metal with 2 parts of iodine in 
water ag)d evaporating the solution. It crystal¬ 
lises in large transparent tablets, soluble in 
water and alcohol. It is used in medicine and, 
on account of its stability and Solubility in 
alcohol, for iodising collodion plates in photo¬ 
graphy. 

Cadmium sulphide. Cadmium yellow, Jaunt 
brillanl. This pigment may be produced by the 
addition of sulphuretted hydrogen or an alkaline 
sulphid'w to a solution of a cadmium salt. It mav 
also be prepared by heating a mixture of cad¬ 
mium oxide and excess of sulphur, but that pro¬ 
duced by the former method is of a finer colour 
and lias greater covering power. It may also be 
formed by the action o& hydrogen sulphide on 
cadmium vapour. The various hues of different 
preparations depend on whether the substanoe 
is crystalline or amorphous, and on the size and 
nature of the surface of the grains. 

It is an orange- or lemon-yeWow powder, but 
may be obtained in prismatic crystals of sp.gr. 
1-82. When heated to redness, it becomes first 
brown, then carmine; it melts at a bright-red 
heat, and solidifies, on cooling, in laminse of the 
original colour. 

It is a verjP brilliant permanent colour. 
According to Jacquet, it is acted upon by light 
and by chlorine. It is much used as an oil 
and water colour, for colouring certain toilet 
soaps, for the production of a blue flame in 
pyrotcchny, and in calico printing. The chief 
adulterants are compounds of zinc. Aooordiag 
to Buchner (Chem. Zentr. 15, 329), two modifica¬ 
tions exist: (I) the a*variety, precipitated by 
hydrogen sulphide in faintly acid solution; it 
is lemon-yellow, and possesses good covering 
power. When heated, it darkens temporarily 
to violet-re^, but no permanent change pocurs 
unless the temperature is high enough to produce 
oxidation. (2) The j9-variety, produoed in 
strongly acid' solution; it resembles red lead, 
possesses good covering power, and is ordinary 
quite permanent; if neated, it changes to the 
a-variety. Various shades are obtainable by 
mixture. The sulphide can also be obtained in 
oolloidal solution. ' .* ' 

Schmid (DingL poly. J. 241,149), prepares-* 
steam yellow for calico-printing as follows i - d® 
parts wheaten starch and 40 parts burnt etafon 
are boiled in 1000 parts of water and mixed 
while hot with 350 parts of sodium thktajphaw. 
To the c pooled solutia*, 350 part* of finely- 
powdered cadmium nitrate^tre added with eon* 
stant stirring until dissojved. This sdtotwn 
does not reaot*in the oold» may be applied 
to the fabric and steamed, the yellow supMa* 
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•ohtbte salt prepaid by dissolving the oxide or cjirreift of dry hydrogen (Graebe and Eokhardt). 
oarbonate in sulphurio aci^ It is used to some a mor® rapid method, giving a better yield, is 
extent in mediqine in place of zino sulphate, stated to be the reduction bu calcium ; 3 grains 
espeoially on the Continent. It tealso used in of this metal in small pieoef with 12 grams of 
the construction of the Weston cell as|a f ttndard caesium chloride are heated in a wide inverted 
i>f E.M.F. •The cell is usually made m tfce form Y'^ube, the vertical limb being connected^ to a 
of an H. Ono of «bh® limbs contains mercury, Speengel pump. Reduction occurs at about 
covered by a paste of cadmium and mercurous 400°, and the caesium volatilises and cond®uea 
sulphates. The other contains cadmium amal- in the vertical tube. It resemftleg rubidium and 
gam. Above both, to nearly the top of the potassium in appeargfcice, being silvery white, 
limbs, whioh are closed by cork and wax, is a and soft at ordinary temperatures. It quickly 
saturated solution, with crystals of cadmium oxidises in air, and decomposes water at —116° 
sulphate. Tlyough the glass of the lower limbs, with ignition of the liberated hydrogen at higher 
platinum wires pass. The cell has an E.M.F. temperatures.* Its sp.gr. at 15° is I*88, 1*9029 
of 1*019 volts at 10°-18°, and has the advantage (Hackspill, Compt. rend. 1911, 152), its melting- 
of a very low temperature coefficient. point is 26°-27° (Setterberg); 28*45° (Rengade, 

Forms a double salt with ammonium sulphate Compt. rend. 1913,156, 1897). 
GdS0 4 (NH 4 )|S0 4 6H a 0. A salt of the composi- The coefficient of expansion of the solid 
tion2CdS0 4 (KH 4 ) l S0 4 ,hygroscopic, microscopic metal is 0 000291, of the liquid metal 0*000345 
crystals, yellow when hot, white when cold, of between 28° and 50° (Hackspill, lx.). Specific 
sp.gfi 3*11 at 22° is also known (Veres, Compt. heat (solid) 0*0522 ^-0*000137* ; liquid 0*0004- 
rend. 1914, 158, 39). 0 *000034*; heat of fusion 3*766; ratio of atomic 

Cadmium nitrate Cd($rQ 8 ) 2 ,4H 2 0 is prepared heat of fusion to abs. m.p.=l*(IB (Rengade). 
by dissolving the oxido oi* carbonate ffi nitric Caesium is the most electro-positive of all the 
acid. It orvstallises in deliquescent fibrous olements. Its salts stable, and have a strong 
needles, soluble in alcohol. tendency to form double salts. The salts are 

Cadmium salicylate is prepared from the acid isomorpkous with those of potassium and 
and oxide or carbonate. It is readily soluble in rubidium, and impart a iffore reddish tinge to 
aloohol, ether, or ghfcerol, and is used in the bunscn flame than salts of those metals, 
medicine as an external atjtisoptic. The hydroxido CsHO is a greyish-white highly 

C/ESIUM. Symb. Cs. At. wt. 132*8. deliquescent solid, melting below a red heat. 
Ctesium was discovered in 1860 by Bunsen and The oxide Cs 2 () is prepared by exposing the 
Kirchhoff, in thaDurkheim water, being the first mefc&l to insufficient oxygen and* distilling off 
element detected by means of the spectroscope, oxcess of caesium ; a peroxide CsO a is formal by 
It is widely but sparsely distributed, usually heating to 300° in excess of oxygen (Rengade). 
in association with rubidium, as in the lepidolite For its absorption spectrum , see Bevan (Proc. 
from Hebron in Maine, U.S.A., which contains Roy. Soc. 1911, 85, A, 54). 

0*4 p.c. caesium <*xide and 0*2 p.c. rubidium CAFFEARINE. Found in the mother liquors 
oxide ; in petalite \ in the mother liquors of the of caffeine from coffee berries; is identical with 
Nauheim salt spring, and in tire ash of seaweed, trigonelline ( q.v .) (Gorter, Annalen, 1910, 37^ 
tobacco, tea, and other plants. Setterberg 237). # 

(Annalen, 210, 100) describes a method for the CAFFEINE AND THE ALKALOIDS OF 

separation of caesium and rubidium from the T|JA, COFFEE, AND COCOA. The chief alka* 
alums obtained as a by-product in the manu- lotds of practical importance in this series are 
faoture of lithia from lepidolite. For observa- caffeine C 8 H 10 O 2 N 4 , theobroAine C 7 H 8 0 8 N 4 , 
tions on the solubilities of caesium alum, see and theophylline C 7 H 8 O f N 4 . Adenine CbHjN, 
Hart and Huselton (J. Amer. Chem. Soc. 1914, xanthine C 8 H 4 0 8 N 4 , and kypoxanthineC 6 H 4 ON 4 
36, 2082). For details of the method of separa- have also been fouyd in tea in small amounts, 
tion of ceBsium and rubidium by fractional These alkaloids arc all derived from a 

crystallisation of the aluminium and iron alums, parent substance purine C 6 H 4 N 4 , which has 
see Browning and Spencer (Amer. J. Sci. 1916, not oeen found occurring naturally, but was 
42, 270). Uesaium and rubidium Otilorides are synthesised bv Fisoher (Ber. 1898, 31, 2550). 
also obtained from camallite by repeated Derivatives of purine occur widely distributed 
fractional crystallisation. The caesium is sepa- in plants and animals. Of these, uric acid 
rated from the rubidium by th^ addition oj (2 : 6 : 8-trioxy purine) CiH 4 0,N. *is*of con- 
antfinony chloride, whish precipitates only siderable importance, as it is used in the indus- 
the casium in the form of the double salt trial manufacture of the alkaloids of this series; 
SbCl 8 *6CsCl (Fiet and Kubeirscky), guano, in which it occurs in considerable quan- 

Caesium occurs free from rubidium in the titieg, being the source from which it is obtained, 
rare mineral pollucite, from Elba, to tho extent of The constitution of these compounds %gd tbfcir 
34 p.c. of caesium oxide; to the extent of 1*71 relationship to purine and to eacb other will 
parts of caesium chloride per million in the water be considered in detail below. • 

erf the Wheal Clifford Mine (Yorke), ^pd in the Caffeine C 8 H 10 O 2 N 4 is the principal alkaloid 
mineral waters of Frankhauaen. of tea and coffee and of similar stimulants, such 

Caesium may be prepared by electrolysis of as kola (West Africa), mate or Paraguay tea, 
a fused mixture of csjsitfti cyanide 4fprts and and guarana (both used in South America), 
barium cyanide 1 gpart, using electrodes of Average samples of tea leaves cofft&in frdm 
aluminium (Setterbem). It is more readily ob* 2*5 to a p.c. 6f oaffeine, though some varieties 
tained by heating the hydroxide tfith aluminium may oontain as much as Coflib tetta, 

in a n i cke l retort,^nd condensing the metal in Ja whioh caserne occurs partly fret and partly 
a glass receiver (BbkdtoffJI or hearing the W potassium c&fftins chlorogenate, rarely eta* 
owfeonate or hydrate with magnesium in a tain more than 1*5 p.c. (v. Bull Imp. Tnst 
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.c f of caffeine. *Only very small ahioynts 
ir in ooooa beats (Schmidt, Annalen, 1883, 


1908, 6, 1). Mat6 contains from 1 to 
guarana paste from 3 to 4 p.c., and kofe al 

occur' 

217, 306). 

Caffeine is c obtained industrially almost 
entirely from tea dust or damaged tea. The 
material is ‘denatured’ by addition of about 
10 p.c. of slaked lime and 0*1 p.c. of assafcetida. 
The well-miS^d materia* is then extracted 
either with boiling water or more, usually with 
hot alcohol in a reflux, apparatus. The extrac 
tion is repeated three or four times, the extracts 
oombined, and the solvent recovered by dis¬ 
tillation. The residual liquid is treated with 
litharge or lead acetate, avoiding excess; the 
precipitate is filtered off, and the filtrate con- 
centrated> whgn caffeine crystallises out on 
oooling. The product is purified by recrystal 
Using, (Jeoolourising with charcoal, &c., when 
necessary, or by subUmation. 

An alternative method sometimes employed 
consists in the exhaustive percolation of the 
denatured tea by means of hot benzene. The 
concentrated extract is freed from benzene, the 
' residue, consisting of caffeine, together with 
fatty and resinous material, is boiled with 
water and filtered •from insoluble material. 
On concentrating the filtrate caffeine crystal¬ 
lises out, and may be purified by the methods 
described above. 

Caffeine is also a by-product obtained in the 
manufacture ef ‘ caffeine free ’ coffee, and is 
further manufactured synthetically from uric 
acid {see below). For the preparation of small 
quantities of caffeine, 100 grams of tea dust is 
extracted three or four times with boiling water. 
The extracts are combined, 10-15 grams of 
magnesia added, and the mixture taken to 
coyness. ‘The residue is transferred to a Sohxlet 
apparatus and extracted with chloroform. 
On evaporating off ,the solvent a somewhat 
impure caffeine remains, which may be purified 
by crystallisation from water or by sublimation. 

Caffeine crystallises from water with 1H,0, 
from alcohol anhydrous, in long silky needles. 
It loses water at lp0°, and when anhydrous 
melts at 234°~235°. It sublimes readily at 
about 180°. 

One part by weight of caffeine dissolves in 
60 part* Iff alcohol (90 p.c.), 300 parts of 6ther, 

9 parts of chloroform, or 80 parts of water at 
about 15°. It is very soluble in hot water 
(1; 2), so that a hot concentrated aqueous 
solution (A Pooling sets to a solid crystalline 
mM*. Its aqueous solution reacts neutral to 
litmus. 

Caffeine is a weak base. Its salts are dis¬ 
sociated on evaporation of their aqueous solu¬ 
tions, amj the free base may be obtained from 
acid. solutions by shaking with chloroform. 
Certain Amble salt* of caffeine are more stable : 
the merourichloride B*HgCl| forms colourless 
needles, m.p. 240°; the aurichloride B‘HAuCl 4 - 
2HjO, m.p. 243° (248 ‘5° anhydrous), on warming 

water forms an amorphous yellow precipi¬ 
tate ‘ auriddorcAffeine ’ CgH^AuCl^OjNi-m.p. 
202* (Dumtenand Shepheard, Chela. Soo. Trans. 
lwS, 834F198). For other caffeine salts, see 
Nicholeon (AnnaW 62, 71) and* Schmidt^ 


{ibid. 1883, 217, 283; and Bar. 1881, 14, 813). 
Caffeine citrate, largely used in medicine, is 


obtained by evaporating an aqueous solution of 
equimolecular proportions of caffeine and citric 
acid to dryness. If forms a white powder 
easily soluble»in water. Similar compounds are 
oaffein/i podio salicylate and benzoate, which are 
also used medioinally. • 

Caffeine dissolves without oolouration in 
oonoentrated sulphuric acid or cold concentrated 
nitric acid. If to the solution in sulphurio acid 
a crystal of potassium dichromate be added a 
green colouration is produced. Caffeine, in 
common with the other alkaloids of this group, 
gives the murexide reaction. If ^ small quan¬ 
tity of the base be moistened with concentrated 
hydrocliloric acid a crystal of potassium chlorate 
added and the mixture evaporated to dryness, 
a reddish-brown residue is obtained, which, on 
moistening with dilute ammonia, gives a fine 
reddish-purple colouration. • 

Caffeine in dilute acid solution is precipi¬ 
tated by phosphomolybdic and phosphotungstio 
acids and by potassium bismuth*iodide. With 
tannic acid a precipjtate is formed, which is 
soluble in excess of the 'reagent. No precipitate 
is obtained with Mayer’s reagent or iodine in 
potassium iodide. 

Estimation. A very large number of pro¬ 
cesses have been suggested from time to time 
for the estimation of caffeine in tea, coffee, &o., 
and widely divergent Results have been obtained 
with methods differing only in minor details. 
This appears to be due, in many cases, to 
unsatisfactory preliminary treatment of the 
material under investigation, flie caffeine not 
being set free from the complex compounds 
(e.0. caffeine potassium chlorogeoate) in which 
it occurs naturally. 

Stahlschmidt's process, as jnodified by Allen, 
appears to give satisfactory results, and is 
carried out as folfcws :— 

Six grams of finely-powdered tea are boiled 
under reflux with 500 c.e. of water for 6-8 
hours. The decoction is then filtered and the 
residue washed with lipt water until the volume 
of the filtrate and washings is 600 o.o. The ■ 
solution is then heated nearly to boiling, 4 
grams of lead acetate added, and the mixture 
boiled under reflux for ?0 minutes. If the pre¬ 
cipitate does not coagulate and settle down 
readily more lead aoetate is added and the 
boiling repeated. The liquid is filtered, 500 
c.c. evaporated to 40 c.c., and the caffeine 
extracted by shaking with chloroform. On 
evaporating off the solvent caffeine remains 
behind and i# weighed. Tatlock and Thomson 
(Analyst, 1910, 35, 1Q£*) boil 2 grams of tea ^Itih 
800 c.c. of water for one hour, filter and evaporate 
! to small bulk. The solution iB made alkaline 
with caustic soda, and the caffeine extracted 
by shaking with chloroform. This method is 
said to give results identical with those obtained 
by more complicated processes. Other methods 
in use are due to Paul and Cownley (Phann. J. 
1887, (iii.) 18, 417); Dvorkowitaoh (Ber. 1891, 
24, 19451; Keller (Ber. Dent. pharm. Ges. 1897, 

7, 105 > r'iiowK and Gtesnut, J. Amer. Chem. 
Soc. 1919, 41, 1298; and far the estimation of 
oaffeine in coffee a modification of the last 
method by Kate {ibid. 1902, 12* 250). 

Theobrominf 0^,0,^,is the * ' 


alkaloid found in cofoa beans in wl_ 

present to tlft extent of about l'W’O f.c. 
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It also oooan in $mall quantities in kola npts residufe is mixed with sand, the material trans- 
and loaves, in guar ana, and in tea. furred to a Soxhlet, and completely extracted 

For the preparation *of theobromine the wit]} Chloroform. On evaporation of the 
cocoa beans (commercially the husks which solvent theobromine remainl, and is dried and 
contain about 0’5-J p.o. of theobjpjpipe are weighed. • 

employed)%re freed from fat as far Is "possible, A method for the estimation x>f theobromine 

either by pressure. or#by extraction with light depends upon the formation of its pertodide 
petroleum, the residue mixed with half its C7H 8 O a N 4 ,HI,I 4 . 0*1 gram of the sample 
weight of slaked lime, and the mixture exhausted with an equivalent quantity of sodium acetate, 
by boiling alcohol (80 p.c.). A considerable is dissolved in 2 c.c. of glacial ac8tio acid, 5 o.c. 
portion of the theobromine separates on cooling, of" hot watei; are added, and the solution is 
and is filtered off. The filtrate is then acidified, transferred to a 100 c.c. flask containing 60 o.c. 
*the alcohol removed by distillation, the residual of A/lO-iodine solution ; 20 c.c. of saturated 
liquid filtered hot, and the filtrate neutralised, sodium chloride solution and 2 c.c. of oonc. 
Theobromine separates as a yollowish-white hydrochloric acid are added, and after about 
crystalline powder. The product is purified by 18 hours, the mixture is diluted to 100 c.c., 
crystallisation from boiling water or alcohol, filtered, and the excess of iodine titrated.in 
but best from hot glacial acetic acid. On the an aliquot portion of the filtrate (Emery and 
large scale purification is most readily achieved Spencer, J. Ind. Eng.-Chem. 191% 10, 006). 
by dissolving in alkaline solution and repreoipi- Theophylline C 7 H g O a N 4 , isomerio whh theo- 
tating by addition of acid. bromine, is ' of much less importance than 

Tneobromiio forms a white crystalline theobromine and Caffeine. It was found in 
powder which subliinos unchanged at about small quantity in tea by Kossel^Zeitsch. physiol. 
290°, and melts at 329 o -$B0 o . It is very spar- Chem. 1889, 13, 298), and was obtained from 
ingly soluble in water and most organic solvents, the mother liquors from which caffeine had 
It is soluble in about 20 parts by weight of crystallised out. l^o complete isolation was* 
boiling glacial acetic acid, from which it separates effected as follows 

almost completely on cooling. It behaves both The mother liquors we*e diluted with water, 
as a weak base and an *cid. The hydrochloride acidified with dilute sulphurio acid, and filtered 
B*HCl,H a 0 is crystalline^ and is obtained by after standing for some time. Tho filtrate was 
dissolving theobromine in hot concentrated made alkaline with ammonia, silver nitrate 
hydrochloric acid * and cooling the solution, added, and the mixture allowed to stand 24 
On drying at 100° the free base is obtained, hours. The precipitate was collected and dis- 
Theobromine dissolves in dilute nitric acid, and solved in warm dilute nitrio acid. On oooling 
treated with Bilver nitrate slowly forms a com- tho silver compounds of ad*nine and hypoxan- 
pound C 7 H 8 () a N 4 HNO a AgN0 8 ; if, however, thine crystallised out. To the filtrate from 
theobromine be dissolved in dilute ammonia, these ammonia was added, and silver theophyl- 
silver nitrate acjjled, and the solution then line was precipitated. The precipitate was 
boiled, a white crystalline precipitate of silver' decomposed by sulphuretted hydrogen, and on 
theobromine C7H 7 0 a N 4 AglRH 9 0, which is concentrating the nitrate xanthine %nd finally 
almost insoluble in water, is obtained. Theo- theophylline crystallised out. Further quaim- 
hromine also forms a oalcium salt, which can be ties were obtained from |he mother liquoi* by 
crystallised from water. precipitation with mercuric nitrate and decom- 

Theobromine gives the murexide reaction, position of the mercury precipitate. 

. and is preoipitated by tne usual alkaloid pro- Theophylline crystallises with lH a O in 

cipitants, with the exception of Mayer's reagent, thin plates or needles, m.p. 264°. It is sparingly 
The base finds employment in medicine soluble in cold, readily soluble in hot, water or 
chiefly as a diuretic, • and for this purpose alcohol. It behaves as a foak base, and yielda 
numerous soluble compounds of theobromine salts with acids find derivatives with metals, 
have been produoed. Chief among these may It gives the murexide reaction, and in general is 
be mentioned Diuretic (theobromine sodium very*similar to theobromine. It forms soluble 
salicylate), prepared by dissolving*theobromine double salts, of which theosin (sodium theo- 
in the oaloulated equivalent amount of caustio phylline sodium acetato) has been successfully 
soda solution, adding a molecular proportion employed in medicine as a diuretic, 
of sodium salicylate and evaporating the Adenine C.H 5 N a (G-aminopurinel as men* 
solution to dryness in vapto. Uropherin (theft- tioned above, has been found in small quantities 
bromine lithium salioylate), Uropherin- B (theo- in tea. It crystallises with 3H a O, sublimes at 
bromine lithium benzoate), and Barutin (barium 260°, and melts at 360°-366°. It is sparingly 
theobromine sodium salicylate), &o., are com- soluble in cold, readily soluble in hot, water, 
pounds of the same type. Till picrolonate, m.p. 266°, crystallises ijom 

Estimation. The following process, due to water. Adenine has been synthdRsed by 
Dekker (Reo. trav. chim. 1903, 22, 143), is Fischer (Ber. 1897, 30, 2226), and by Traube 
generally employed for the estimation of (Annalen, 1904,331, 64). 
theobromine in ooooa and similar p&ducts (c/. Hypoxanihint C # H 4 ON 4 (6 • oxypurine), 

Ddbourdeaux, J. Pharm. Chim. 1917, 16, 306). needles, m.p. 150°, was found in small quantities 
Ten grams of thsi# powdered jntterial is in tea (Kossel, l.c.). Kruger, however (Zeitaeh. 
mixed with 6 grams of magopia and boiled physioL Chem. 1895, 21, 274), suggests thal*it 
under reflux for onejhour with 300 c.c. of water, was produce^ from adenine by the method of 
The extract is filtered off and* the extraction isolation employed. It is a weak no%aoid base 
reiyeted for fifteen minutes witl^a fresh quantity and forms metallic derivatives. It if sparingly 
of water. The nltyate^ are combined andftj Soluble in oold, rather more readily soluble in 
evaporated to dryney on the wfter-bath. The hot, water. 
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Xanthine C,H,Q,N 1 (2 : 6-dioxypurine). 
found to be present in tea (Kossel, l.c,), hat 
eimilar properties to hypoxan thine. ' 

Constitution at* Synthesis of Caflehe, 

Theobromine, and Theophylline. It has been 
mentioned previously that the alkaloids described 
above^are close# related members of a grouDof 
bases derived from a parent substance punne, 
which has the institution denoted by the 
formula shown (Fisoher, B^r. 1898, 31, 2590). 

' (1) N=CH (0) 

(2)HC (W-NB(7) 


(3) 


li-C(4)-N(9)/- C ^ (8) 


Caffeine, theobromine, and theophylline are, 
in fact, methylated derivatives of xanthine, 
which itself is 2 : 6-dioxypurine. Theobromine 
and theophylline are dimethyl xanthines, from 
which caffeine and trimethyl xanthine may be 
obtained by methylation. ,Thus caffeine is 
formed when silver theobromine is heated with 
methyl iodide (Wrecker, Annalen, 1801, 118, 
170), by heating potassium theobromine with 
methyl iodide at 100° (E.f Schmidt, Annalen, 
217, 295), or by the action ol dimethyl sulphate 
upon theobromine in alkaline* solution (Ultee, 
Chem. Wkbld. 1910, # 7, 32). The silver com¬ 
pound of theophylline, on treatment with methyl 
iodide, similarly yields caffeine. 

Our knowledge of the constitution of the 

§ urine derivatives is largely due to the work of 
ischer. One 8f the most important members 
of the Beries is uric acid 2:6: 8-trioxypurine, 
which occurs naturally in large quantities in 
guano and serves as a starting-point for the 
synthetic manufacture of the alkaloids under 
consideration. 

The synthesis of urio acid was accomplished 
Fischer and Ach (Ber. 1895, 28, 2473). 
Malquic acid was condensed with urea to form 
malonyl carbamide (I.fc which, by the action of 
nitrous acid, yields an wonitroso derivative 
violurio acid (II.). On reduction uramil (III.) is 
obtained, which by the aotion of potassium 
emanate is converted into pseudo uric acid (IV.). 
This, on treatment with hot dilute acid, gives 
wUc acidjV.). 


J * 

heating with dilute caustic ( potash solution, 
yields caffeine (IX.) Under slightly different 
conditions a tetrachffr derivative (X.) is ob¬ 
tained, which*on treatment with potash yields 
thoophj|llin| (XI.). 

NH-Cp * 


CO 


NH. 


L 

i ii 

NH-C-N 

VI. 

NMe-CO 

do L 

i 

NMe- 


^C-Me 


NMe—CO * 

t * I 

CO C—NMe, 
I II 
NMe—C—N 
VII. 

NMe—CO 


;CMe 


NMe. 


C-N 
VIII. 
NMe—CO 
I I 

CO C-NCH,a 


^C'CCl, 


CO NMo. 

I II 

NMe—C—N • 
IX. 

NMe *CO 

I 


.CO 


I 


^C-CCl, 


CO C—NH, 

3 I ‘It VH 
NMe—('—N * ; , NMe—C—N * 

*X. XI. 

Theophylline (XI.) is also obtained comnicr* 
dally from dimethyl carbamide (Traube, Ber. 
1900, 33, 3035). This is condensed with cyan* 
acetic acid in presence «f phosphoryl chloride 
and gives dimetliylimiijo barbituric acid (XII.), 
which by the action of nitrous acid yields an 
oximino derivative-(XIII.). On reduction a 
dimethyl-diamino-dioxy-pyrimidine (XIV.) is 
produced, which with formic *acid yields a 
formyl derivative (XV.). This on heating loses 
water with formation of theophylline (XI.). 

* NMe—CO 
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HN-CO 

NH-CO 

HN-CO 

oil , CH, 

oi C:NOH 

1 1 • 

OC CHNH, 

hjL-co 

HN —iiO 
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Ill. 

HN-CO 
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0& CH'NHCONH, 
Hjlf-ix) 
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NH 


NH\ 

II ) 

-C-NH/ 
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CQ 


-04 

IV, • 

From uric aoid caffeine is manufactured 
synthetically by the following reactions (Boeh- 
rrnger u. SShne, D. R. P. 121224). One acid is 
oonrartod by heating with acetic anhydride 
inta^j.metinyxanthine (VI.). This, on methyla- 
tios in AUMoe solution, gives* 113 :W: 8- 
tetramethy k an ti l in s (VII). By the aotion of 
chlorine under speoifltd conditions this is oon- 
verted into a tnoidoro derivative of the con¬ 
stitution shown in formula (VIII.) which, on 


NMe—CO 

I I 

CO OH, 

NMe—C : 
XII. 

NMe—CO 

CO J'NH 

I II 

NMe-C-NH, 

XIV. 


CO o': NOH 

liMe-lj: 1 


: NH 
XIII. 
t NMe—CO 

CO ONHCHO 

I II 

•NMe—C-NH, 

XV. 


Theobromine has been synthesised by a 
series of reactions similar to those above. 
Starting wim methyl carbamide 3-methyl- 
xanthine (XVI.) is obtained, which on mefchyla* 
tion gives tho^bromine XVII. 

NR -CO nh -CO * 


CO 

iImb-C-N 

XVIL 


C-NMev 


! I 

CO C-NH, 

I >CH 

NMe-C-N r 
XVI. 

Theobromine may also be obtained syntheti¬ 
cally from 1 uric acid. This is converted into 
8-methylxan thine (VI.) as in the caffeine synthe¬ 
sis. The *y4ip^assium«*lt of 8-metbylxanthine 
ts heated with methyl iodide when trimethyl 
xanthine (XVIII.) is obtaimiL Chlorination of 
this compound .result* in the formation of a 
triohloro derivative (XIX.), which on h— 
with dilate caustic *ota#h ^solution 
theobromine (XVII.). 
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fie 
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- CAFFEONE ( Gaffeol ). A brown oil, heavier 
than water, and slightly soluble in boiling water. 
Constitutes the aromatic principle of coffee. 
May be obtained by distilling freshly roasted 
oonee with water, and agitating the distillate 
with ether, yhich dissolves out the oil Accord¬ 
ing to Lehmann and Wilhelm (Chem. Zentr. 
1898, ii. 372), it has no physiologioal action on a 
healthy man (v. Coffee). According to Grafe 
(Monatsh. 1912, 33, 1389), it consists of about 
50 p.c. of furfuryl alcohol and 38 p.c. of valeric 
and aoetio *^cids, with phenolic substances of 
a creosote odour and a nitrogenous substance 
allied to pyridine to which the aroma is due. 
It appears tfc be formed by tho distillation of 
the crude fibre of the lv?an. 

CAFFETANNIC ACIlf v. Tannins. * 

CAIL-CEDRA, Khaya senegalensis (A. 
Juss,). A tree of tho meliaceous order, growing 
on the banks of the Gambia and on the lowlands 
of the peninsula of Cape de Verde. Jts bark is 
very bitter, and is nufth prized by the natives as 
a febrifuge, on which account it has been called 
the cinchona of Senegal. Its wood resembles 
American (Honduras, Cuba, Spanish) mahogany, 
is one of the so-called African mahoganies, and 
is used in making the finer kinds of furniture. 
The bark contains, amongst other substances, 
an extremely bitter, neutral resinous substance, 
called call-cedrin, to which its active properties 
appear to be due* 

Cail-cedrin is very sparingly soluble in water, 
but readily soluble in alcohol, ether, and chloro¬ 
form. It is obtained by repeatedly exhausting 
the coarsely pulverised bark with boiling water ; 
evaporating the filtered liquids over tho water- 
bath to the consistence«of a syrup; exhausting 
this extract with alcohol of 90 p.c.; precipitating 
the alcohol filtrate with basic lead acetate; 
filtering, distilling off £he alcohol, and agitating 
Jhe residue with chloroform, which dissolves 
nothing but the bitter principle. 1 kilogram of 
the bark yields about 8 milligrams of callcedrin 
(Caventou, J. Pharm. [3] 16, 355; 33, 123). 

OaKnCETIN v. Glucosides. * 

, CAINCIN v. Glccosiuks. 

CA'feNGORM v Quartz. t 
• CAJEPUT or CAJtfP.UT OIL i>. Oils, Essen¬ 
tial. 

CAJEPUTOL v. Camphors. 

‘ CAL ’ v. Tungsten. 

CALABAR BEAN r. Ordeal bean. 
CALABAR FAT v. Physostigmine. 

CALABARINE, CALABAROL, t>. Ordeal 


I1AN. 

CALAFATITE. A doable sulphite of alumi¬ 
nium and potash, so nr mod after its discoverer, 
Calafat, Occurs neakAlmer% Contains SO, 
34-77, A1,0, 37J8, K,0 9l4, r H,0 17-61, 
•p,ir. 3-75. (F. JSotitb.) 

. cauion^ [Gokneiy Ger.). .Under this name 
two oommon einc minerals—-the carbonate (v. 
Kiiithsoaite) efld^tbn. hydrous silicate (v. 
Hemhnoxphite)—are frequent# muoh con¬ 


fused. The Latin form lapis ealeminam i« 
•supposed to be a corruption of the old name 
cafimm (Kaffiia) used for.zinc ores in general. 
The minerals in question often so closely resemble 
one another in external appearance that it is 
only possible to distinguish them by chemical 
t^ts; and it was not until 1803 that‘James 
Smithson definitely established the existence of, 
the two distinct species. The name calamine 
was 'then applied J)y some Authors to the 
(farbonate Sparry calamine), and by other 
authors to the hydrous silicate (eleotrio cala¬ 
mine). In 1832 F. S. Beudant proposed the 
name smithaonite for the carbonate, restricting 
the name calamine to the hydrous silicate; 
but most unfortunately Brooke and Miller, in 
1852, reversed these designations. Beudant 
has been followed by Dana and many other 
minoralogists, but in England* the name cala¬ 
mine is unfortunately still much in use for the 
carbonate, and hemimorphite (G. A. Kenngott, 
1853) for the hydrous silicate. The use of the 
latter name partly clears up tjie confusion, since 
it is descriptive of the very characteristic hemi- 
morphic development of the crystals. The 
old name zinc-sp^t- is also descriptive of the 
carbonate. L. J. S. 

CALAMUS. The Indian variety of Acorus 
calamus (Linn.); is used as a medicine in the 
Levant; the Turks candy it and employ it as 
a remedy against contagion. The volatile oil 
occasionally enters into the composition of 
aromatic vinegar. According to thorns, cicorin 
C„H, 0 O„ in contact with ferments, splits up 
into sugar and oil of calamus 

C3 6 H a0 O # =C|H ia O # 4-3C 10 H 1# 

(c/. von Soden and Rojahn, Chem. Zentr. 1901, 
i. 843 ; Thoms and Beckstroern, Ber. 1901, 34, 
1021) (v. Aoobus calamus). 

CALAVERITE. A telluride of %old, AuTe„ 
containing 40-43 p.c. of gold with 1-3 p.CT of 
silver. It was first fopnd in Calaveraif Co., 
California, and afterwards in considerable 
alundance in the Cripple Creek district in 
Colorado and at Kalgoorlie in Western A ustralia, 
where it is of importance as a tell unde ore pf 
gold. Sp.gr. 9*155-9*39 k The small complex 
(monoclinic or triclinio) crystals from Colorado are 
tin-white in ooloilr, tarnishing to bronze-yellow on 
exposure. The massive material from Kalgoorlie 
is pkl© bronze-yellow with bright metallic lustre; 
and with its sub-conchoidal fracture and absence 
of cleavage it much resembles iron-pyrites in 
appearance—in fact, before its value was recog¬ 
nised, the mineral had been thrown#.way on the 
waste heaps of the mines. L. J. S. 

CALCIDINE. Calcium iodide. 

CALCINOL. Calcium iodate. 

CALCITE or CALC-SPAR. One of the 
dftnorphous crystallised forms of calciunfc car¬ 
bonate (CaCO,). THis rhombol^dffil form is 
less dense (sp.gr. 2-72) and less hard {H. 3) than 
the orthorhombic form aragonite (j.v.). It' is 
also the more stable form: when aragonite is 
heated to low redness it passes into caicite, and 
paramorphs of caicite after aragonite art) of 
frequent occurrence in nature From* an 
aqueous solution containing carbon dioxide, 
calcium carbonate crystallises &% oalcitf at 
temperatures of 0M8*V%nd as a mixture of 
caicite and aragonite at higher temperatures: 
the presence of various salts in the solution also 
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favours the formation of aragonite. (For a | 
summary of the literature on tne crystailimtion 
of calcium carbonate* see F. Vetter, Zeltsch. 
Kryst. 1910, xlfaii. 44) Calcite may be readily 
distinguished* from aragonite by the possession 
of three perfect cleavages parallel to the faces of 
the primary rhombohedron, the angles betweep 
which are 74° 55’and 105° 5' (the plane angles' 
on th# rhomb-shaped faces are 78 s and 102°). 
The mineral is#wadily scratched with a l&iife, 
and it effervesces briskly in contacf with cola 
dilute acids. 

With the exception of quartz, calcite is the 
commonest of minerals. It frequently occurs 
well crystallised and in a great variety of forms, 
the various forms of its crystals suggesting the 
trivial names ‘ dog-tooth-spar,’ ‘ nail-head-spar,’ 

* paper-spar,’ ‘ cannon-spar,’ &c. As the essen¬ 
tial constituent <5f the rocks limestone, marble, 
and chalk, it is of abundant occurrence. In 
these forms it finds extensive applications as 
building and ornamental stflnes, and in the 
manufacture of linjp, mortar, and cement. The 
clear, transparent variety, known as Iceland- 
spar or doubly-refracting spar, is used in the 
construction of nicol prisms f& optical polarising 
apparatus. Material suitable for this purpose is 
obtained almost exclusively from a quarry in 
basalt on the Reydar-fjordhr on the east coast 
of Iceland, but the supply is limited and variable. 

A considerable quantity of clear material 
suitable for optical work has been found (1918) 
between Greyclifjf and Bigtimber in Montana, 
where it occurs in vertical veins in gneiss. 

l. j. s. 

CALCIUM. Symbol Ca. At. wt. 40*0. 
Lime, the oxide of calcium, has been employed 
in the preparation of mortar from very early 
times. Interesting accounts of the process of 
lime-burning* are given by Dioscorides and 
Plinjf. It was not, nowever, until 1766 that the 
difference between burqt and unburnt lime was 
explained by Black. 

Calcium is universally found as carbonate 
CaC0 3 in the forms of calcspar, marble , and 
limestone, often in whole mountain ranges or 
immense coral reefs. Dolomite or bitter spar, 
tb<J double carbonate of calcium and magnesium, 
constitutes the geological formation termed mag¬ 
nesian linjestone. Calcium sulphate as anhy¬ 
drite CaSO , or Klenile (gypsum) CaSO.+StfJO, 
L» also very plentiful. The phosphate united 
with the chloride or fluoride also occurs widely 
distributed, often as minute inclosures in crystals 
of the prim*rje rocks, as the mineral apatite, 
Whilst-caicium is an important base in the greater 
1 number of natural silicates. The soluble matter 
carried away by rivers largely consists of the 
carbonate and sulphate of oaloium, while sea- 
water,coBtains, in addition to these, both phos¬ 
phate and Viunridc of calcium. The bones of 
animals copaiat largely of caloium phosphate, 
and the shells of molluscs of the carbonate. 
flaW u m salts are never absent from plant 
tissues, concentrating mainly in the leaves. 

•Grtcium also occurs in extra-terrestrial 
bodhf, in th^son, meteorites, and many fixed 
stars. , — 

, JPtejwtelf* of tit. metal, — Calcium was ob¬ 
tained as an ttnpure oNteltto powder by Davy in 
1W4 by the oMetrofyals of the chloride, using 
nseteuiy as negative elaotrade, and afterwards 
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{ mercury was volatilised. «It vu obtained $4 4 
l metallic solid by Matthiessen lu 1856 (Chem, 
Soc. Trans. 8, 28), by efeotrolysing a fused mix¬ 
ture of calciunv and Btrontium emorideq in the 
proport^Jb oi two molecules to one with a little 
ammonium dloride, the whole being sentained 
in a porcelain crucible. On^agsing the current, 
beads of metallio calcium separated at the 
negative pole and were ladled out. Moissan 
(Ann. Chim. Phys. [7] 18, 289) repeated the 
experiment, increasing tne size of the apparatus, 
and obtained a metal possessing a yellowish 
colour. 

Lies-Bodart and Gobin (Compt. And. 47, 23) 
obtained calcium by heating the iodide with an 
equivalent of sodium in an iron crucible, the lid 
of which was screwed down. Moissan repeated 
the experiment several times, and states that the 
yield and purity vary greatly, the richest metal 
obtained containing from 83 p.c. to 93 p.c. 
calcium. The reaction proceeds best at a dull 
red heat, and is reversible if afterwards the 
temperature is raised to f whiteness. 

Frei obtained calcism in globules weighing 
2-4 to 4 grams by the electrolysis of the chloride. 

Another process consists in fusing 3 parts 
of calcium cnloride with 4 parts of zino and 
1 part of sodium, thus forming an^lloy of zinc 
and calcium, which, when heated in a gas-carbon 
crucible, decomposes, t^e zinc volatilising and 
a button of fused calcium remaining (Caron, 
Annalen, 115, 355). 

Moissan obtained the alloy with facility, but 
was unable to separate the calciuA from it. 

Moissan (Z.c.) points out that in all the above 
methods the difficulty is to free the oalcium from 
the metal with which it has become associated 
in the preparation. He, however, finally suc¬ 
ceeded in obtaining the pure metal by utilising 
the property, unknown before his researches, of 
molten sodium to dissolve oalcium. For the 
preparation, he adopted a modification of the 
method of Lies-Bodart and Gobin. In an iron 
crucible of about 1 liti$ capaoity he placed a 
mixture of 600 grams of coarsely crushed anhy- 
drous calcium iodide, with 240 crams of sodium 
in pieces as large as nuts. The crucible was 
closed with a screw lid and*maintained for 1 hour 
at a dull-red heat, then allowed to cool. The 
calcium, which is soluble in excess of sodium at a 
red heat, separates at the point of solidification 
and becomes piactically insoluble. The inetallio 
portion of trio melt is cut up into medium¬ 
sized fragments and gradually introduced into 
absolute alcohol! The sodium dissolves, leaving 
the "calcium in brilliant »white crystals, 98*9 p.c; 
to 99'2 p.c. pure. 

Ruff and Plato have succeeded in obtaining 
the metal in relatively large quantities by the 
electrolysis of fused calcium ohloride bv keeping 
the temperature of the cathode above the 
melting-point of calcium (U.S. Pat/ 806006). 
Borchers an<J Stockhem, by electrolysing fused 
anhydrous caloium salts, keeping the tempera¬ 
ture of the cathode below the melting-point -of 
calcium, oBtaifiei the miftal in a spongy state 
(U.S. Pat. 808066). By usings vertical cathode* 
which only just touches th# surface of the 
fused oalcium salt, the metal is* deposited on 
this surface, and*by mechanio^ly raising the 
cathode an irregularly afiapad rod of oakaum, 
resembling a oaffbage stalk, is formed, which 
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Johnson, J. Inf. Eng. Chera. 1910, 2, |66). 
The electrolyte, consisting of a fused mixture of 
I© parte of C^Cl|With Iv parte of CaF t , is con¬ 
tained in a cylindrical vessel of A<iheson graphite. 
The containing vessel forms the apodf, whilst 
the cathode is an iron ribbon \wxich can be 
run up from bedom The best deposits were 
obtained with a current density of 10 amperes 
per square cm. If the cathode current density 
is too high the metal does not adhere, whilst if 
the anode density is too low tho eletrolyte is 
* not all melted, ( and for proper oontroi the 
anode and cathode surfaces should be definite 
for the conditions in use. Maldenhauer and 
Andersen (Zeitsch. Elektrochem. 19, 144) used 
a mixture of 85 p.c. CaCl a with 15 p.e. KOI 
and a ourrent density of 60-110 amperes per 
square cm. Rods 9-18 mm. diameter were 
obtained, Containing Ca 96‘09-98• 18, K Q'0- 
0*14, Fe 0-3-04, Si 0-40-0-70. The current 
yield varied from 65 to over 90 p.c. 

Commercial calcium is usually coated with 
CaCl |f which can be pqrjly removed by absolute 
alcohol, and the remainder by re-melting in an 
iron bomb. In this way a metal containing 
99-44 p.c. Ca and 0*25 Al 2 O a f SiO t is obtained. 

Calcium is made commercially at Bitterfeld, 
Germany. The world’s production is about 
50 tons a yoar, and Hie price in normal times is 
about 12$. 6 d. a pounf. The metal melts at 
810°, and has a density of 1-548. It may bo 
turned into cylinders having a brilliant lustre 
tarnishing in air. It may be drawn into wire 
of 0*5 mm. diameter. Its electric conductivity 
is 16, that of silver being 100. 

Calcium is a white metal approaching silver 
in colour. It can be cut with a knife or broken 
with a blow, an^ the fracture is crystalline. It 
scratches lead, but not oalcite. It is less malle¬ 
able than sodium or potadlium. The crystals 
are of tabular habit and belong to the rhombo* 
hedral system. 

Gently heated in air, it burns with incandes¬ 
cence, or if heated in a <*prrent of air at a dull-red 
heat it leaves a spongy mass which decomposes 
water, producing ammonia and calcium hydrox¬ 
ide. Calcium, therefore, fixes both nitrogen and 
oxygen. Calcium irfflames when heated in 
oxygen to 300°, and the heat is so great that 
the lime formed is both fused and partly volati¬ 
lised. Fluorine gas violently attacks calcium at 
the* ordinary temperature. Chi trine, bromine, 
and iodine have no action until heated to 400° 
'or above. Metallic oalcium exists in both an 
active and an inactive form fci its power of 
absorbing gases. Active oalcium commeTiees 
to absorb nitrogen at 300°, and has a maximum 
aotion at 440°. As the temperature increases 
the rate of combination slowly decreases, until 
at 800° it has ceased. The velocity of absorption 
is dependent on the presenoe of a layer of 
nitride. The inaotive form commences to 
combine with nitrogen at 800°. r IJJie difference 
ii not due to the existence of allotropes, but to 
the state of sub-divisiun. The active variety is 
prepared by slowlya^iooling^m^Heft. calcium. 
Tins variety produces a black nitride (Zeitsch. 
Elektrochem. 22* 15). Water is attacked at 
the ordinary •temperature with the liberation 
el hydrogen; the aotion is alow, owing to the 
- formation of a cm*t of^aloium hydroxide; the 
addition of sugar hastens the’aotion. Fuming 
nitric arid attacks it ojly slowly if free from 


limes; the action is hastened on dilution. 

|* Fuming sulphurio aoid is immediately reduced 
ii\ tne cola to sulphur # and sulphur dioxide. 
Hydrochloric and acetio Jcids Attack Calcium 
violently, with the liberation of hydrogen. At 
a red heat, calcium reduces the fluorides and 
chlorides of potassium and*sodium, •setting 
free tho alkali metals; under the same condi¬ 
tions. the iodides are not attacked. • 

Calcium, although soluble in molten sodium, 
from which, it separates m the crystalline Btate 
on solidification of the solvent, is not notably 
soluble in potassium. The only definite com¬ 
pound witfb mercury appears to bo CaHg^, 
m.p. 266° (decomp.). With magnesium, it 
furnishes an alloy which decomposes cold water. 
The freezing-point curve has a simple form, the 
single compound Ca a Mg 4 being indicated by a 
maximum at 715°, whilst tftere are eutectic 
points at 514° and 446° and 18*7 and 78*7 p.c. 
of Ca respectively. The compound *Ca 3 Mg 4 is 
brittle, silvery in'appoarance, stable in air, and 
is only slowly acted on by^Vater. Lead and 
calcium react together violently in the molten 
state; the freezing-point curve has maxima 
at 649° and 1 l05°Fcorresponding with the com¬ 
pounds CaPbj and Ca a Pb respectively. Another 
compound CaPb is formed at 950°. All the 
alloys fall to a black powder in air. Copper and 
calcium form a single compound Ca(Ju 4 , melting 
at 933°, unstable m air. Silver and calcium 
form a complicated system of alloys (Zeitsoh. 
Anorg. Chem. 70, 352. With.zino and nickel 
it forms brittle alloys. Tin, heated just above 
its point of fusion, combines with it with 
incandescence, forming a white crystalling alloy, 
containing 3-82 p.c. calcium. 

Calcium hydride. CaH t . Calcium does not 
unite with hydrogen at the ordinary tempera¬ 
tures. To prepare it, the metal oftt into small 
pieces contained in several nickel boats, is piaoed 
in a glass tube sealed at one end. Hydrc%en is 
fed in at a pressure of ^ to 5 cms. mercury, the 
tube being hoatod to redness: the temperature 
is kept sufficiently low to prevent union between 
the calcium and the nickel. So obtained, it is a 
fused white solid; sp.gr. 1 -7. It may be heated 
to redness in air without change. Its charac¬ 
teristic reaction Is the decomposition of water in 
the cold with tho liberation of hydrogen. 
Cafcium hydride shows a marked dissociation 
from 600°, reaching one atmosphere pressure 
below 800°. This cannot be a true dissociation 
pressure, as the hydride is readily formed by 
heating oalcium in hydrogen at §3(j||. A second 
hydride also exists 
Ca+H-»CaH+23,100 cal.; 

CaH+H->CaH l +22,000 oal 

(Zeitsch. Electrochem. 20, 81). Bronstedcalcu¬ 
lates the heat of formation of c^lc&m hydride 
from solution in hydrochloric aoid : fqp Call from 
liquid calcium and hydrogen about 21,000, and 
for CaH, from CaH and hydrogen 21, 1 000. 
Gunta and Barrett found 46,200 cal from -solid 
caloium (Zeitsoh. anorg. .Chem. 82, 190k A 
mixture of BaS0 4 and CaH, igntied by %•£»m 
similar to |hat used in thermite react vigorously 
aooording to the equation; * • 

fiaS0 4 +CaH,=As+4C*0+4H, 


(Bra. 46, 2264). 
Celelum 0x144, 
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calcium oxide (quicklime) is obtained by beating 
to redness any salt oi calcium containing a 
volatile acid, as tbe carbonate and nirraty 
Caloiuotf carbonate, >iien heated in a closed 
vessel, may be fused without decomposition, but 
when raised to a red heat under' ordinary 
pressure it gives* off its carbon dioxide, an^ 
becomes converted into lime: CaC0,=Ca04-C0,. 

To’obtain pure dime, Iceland spar or other 
forms of oaloita,*or the finest marble, ma) be 
employed, the ignition being performed in a* 
cruoible with perforated base so as to permit of 
the entrance of furnaoe gases, which carry away 
the carbon dioxide as fast as it is formed; other¬ 
wise the decomposition is incomplete, the car¬ 
bonate undergoing no change in an atmosohere 
of carbon dioxide. 

time is made by heating caloium carbonate 
to a temperaturo’high enough to drive off the 
carbonic acid. The tension of dissociation of 
CaCO, is *27 mm. at 547° and 753 mm. at 
812°; in practice, the temperature for burning 
lime is about 1000°^ The raw material may be 
nearly pure calcium carbonate such as marble 
or chalk, or may contain so much clayey matter 
that the product is a cement oUthe Portland class 
rather than a lime. On this fact choico of the 
mode of burning in partidependl, because if the 
lime is aeedgd to be pure it must be burnt out of 
contaot with solid fuel, whereas if it is a cement 
rather than a lime, the addition of silicious 
matter from the ash of the fuel may be actually 
an advantage, dl’he chief uses of lime are 
for building, in agriculture and for chemical 
manufacture. For the first purpose, an impure 
limestone, burnt in contaot with solid fuel, is 
to be preferred, whereas the purest obtainable 
limestone, heated out of contact with fuel, 
yields the best material for chemical use. In 
practice thesSIprinciples are not always observed, 
par% from want of realisation of their validity 
and jfkrtly because it is sometimes economical 
to sacrifice the purity*of the product rather 
than incur the expense in capital and fuel of 
kilns designed to bum limestone out of contact 
with solid fuel, but the knowledge of these is of 
value in deoiding on the type of kiln to be 
adopted in any given cAsc. 



* 

The simplest form of kiln is the flare kiln, 
shown in Jig. 1. The fuel (wood or peat) is 


bumj under an arch madd of material to bo 
1 calcined, thus the lime Jproduoed is imnonta^iil 
nated with ash. So crufie a devioe is, of course, 
not econpraioaUof fuel, but its simplicity and 
cheapness and the fact that it oan produce 
excellent Jim^ cause it to be still used to a con¬ 
siderable extent. • • 

Another simple form is the common running 
kiln shown in Fig. 2. The limestone or ohalk 
is loaded into the kiln with alternate layers 
of- small coal or ooke, and the product is from 
time to time drawn from an eye at the bottom 



class, of course, contains the whole of the ash of 
the fuel. 

A more elaborate form of running kiln is the 
Copenhagen kiib, shown in Fig. 3. It is of 
the continuous-shaft type, the fuel and limestone 
being fed in at the top and the lime withdrawn 
at rip- bottom, fcAt in addition a definite burning 
tone is established by fteding a portion of the 
fuel in at the side openings giving into the 
central part of the kiln. The boat oan thus be 
controlled better than when all the fuel is dis¬ 
tributed through the whole of the charge, with 
the result that consumption of fuel is decreased. 

Another shaft kiln Is the Byan kiln, used fa 
the Buxton district. Its construction is shown 
in Fig. 4. The fuel is fed in at the sides and 
the umestope at the top, so th&t-the ash of the 
former is less taewirioablyThiXed with the burnt 
lime. In oonsequenoe and bemuse of the hud? 
ness and dense structure of Barton limestone, a 
luge part of the butput is In lump ptMtfeaSr 
uncontamlnatod rftth sab, so that th* plodm 
oan be pioked a*d theAumjf of lime of high 
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K wW fof qfeeffiidW use, such u the 4anu- 
of bleaclung powder. 

Lime can be burnt far a rotatory kiln, similar 
to those used for cement but worked afi a lower 
temperature, but few such kilns iweiqjuse, the 
probable reason being that only small lime 
would be producod.una for many uses mmp lime 
is preferred. 

The Hoffmann kiln (Fig. 5) is used in places 
where labour is sufficiently cneap to allow of 
loading and unloading by hand being performed 


an Shtermediate type is the Rumford kiln, shown 
m Fig. 6. 





Fig. 5. 


Fig. 3.—Copenhagen Kiln. 


at a low cost; it has the advantage of being 
economical of fuel. The buAing chamber 
, consists of an endless tunnel, divided into com¬ 
partments of approximately equal size by means 
of oombustible damp^s. Each chambe* is 
provided with an opernng in the outside wall 
tor ^charging and discharging, and with the 
main flye connecting with the chimney. The 
fuel of breeze and coal is introduced through 
holes in the arched roof, The kiln is worked 
on a progressive scheme, fuel being charged 
. into the hottest chamber, and air being allowed 
to enter here so as to complete th$ calcination, 
while the gases are allowed to escape through 
dampers in the last chamber. Jhe daily 
production of ^ these ftiftac^s is very 

Passing from those kilns, like all the foregoing 
eireept the flaft kiln, which allow at least some 
dbntecfc of the <teh of the fuel°with the lime, to 
gas-fired kilns in wmch d&ntact^ wholly avoided. 


Fig. 4. 


j ben^eVth ^^ urnt on hearth of a furnace 
bridge up 
through which 
the gaseous 
products of 
combustion 
pass to the 
shaft of the 
kiln and over 
which descends 
the burnt lime to openings at the ^jde, where it 
can be drawn. 

A gas-fired kiln proper is the Schmatolla 
kiln, shown in Fig. 7. » Gas, from a producer 
at the side of the kiln, flows through ports in the 
walls of the kiln shaft, and th*re burns with a 
supply of secon¬ 
dary air, heated 
by passage 
through the hot* 
lime which has 
defended below 
the level of the 
gas inlets. Kilns 
of this class 
have the advan¬ 
tages that they 
arc continuous 
in operation, 
need but little 
labour, and 
allow the use of 
fuel too r.ch in 
ash to be suit¬ 
able for burning 
in contact with 
the lime. 

Oiuditks and 
us A of Lii 
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ime ranges in oompuition (from 
almost chemically purapoalcium "xide to * 
material closely resembling Portland otttMIt 
The following analyses illustrate this j—. 
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. g« _ *j ' nectfsary, a moderatel/ eUioipBs lime, which 

5g gag Bg < 3g ' will set lightly per »e, a preferable to the let 
« ■ 1 B3 EfI g« $S lime commonly employed. In,this country. 

« ® 3- °' a 3 lime is almost eflways slaked on the spot and at 

* . • the time jrhnre it is to be need. Abroad, the 

Insoluble residue • . ) 0 . 7 , ( 18-20 0'62 8-38 lime is usually slaked long More it is\ised, and 

A.'! ll £*, (810 ' ) ’ I 10 84 2210 Jill j is thus allowed to become Completely hydrated. 
Ferric«cxld8 , (K 1 o 1 ) ! f 011 1,84 l ' 82 { 2-34 i The easiest plan is to make a paste of lime and 

time (OaO) . .. * ! 88-72 5fio 86-72 ,63-43 water (lime putty), and keep it in a pit until it 

ISiKtfrnlinn 1 0 <fi ii'St niia J^L 4 ,» needed. In like manner, slightly hydraulic 

MSi Mhyiide loo,* - 8-oo‘ o -04 s -64 lime is slaked with a limited quantity of water 

Water (H t O). . . — f u . i7 < B-36 2-69 i and allowed to remain in silos until the lime 

Alkalies and loss . . — s 11*08 1 ’38 itself is completely hydrated, whilst|he cementi- 

infvnn tious eilicate8 remain unaffected and ready to 

_ 10 00 10 0 j 10 00 100 act as cement when the lime is put to use. 

When a dolomitic limestone is burnt, it 
As mentioned above, the purest kinds are yields a lime of which the following is an 
needed for chenycal manufacture, and the less example Per cent, 

! Insoluble silicious matter . . m 2*94 
! Alumina-fferric oxide4Alj0 8 -f-Fe a O,) . 1*90 

i Lime (CaO) . . . . . 46-72 


Magnesia (MgO) . 
Sulphuric anhydride (SQ s ) 
j Carbonic ftnhydride (C<5 2 ) 
Combined water and loss 


I 100-00 

Lime of this kind needs much care in slaking, 

| as the hydration of the Inagnesia takes place 
slowly and may occur afty?r the mortar is in place, 
j and by expansion cause destruction of the work. 

Although lime will not act on sand at the 
ordinary temperature, yet, like other alkaline 
, bodies it attacks it readily a!? a moderate 
| temperature. The manufacture of sand lime 
bricks is depended on this fact. The bricks of 
! sand, mixed with 5-10 p.c. of lime just hard 
enough to stick together, are exposed to steam 
at about 150° ; at that temperature the lime acts 
on the sand, prodding calcium silicates, which 
I are cementitious, and suffice to cement the sand 
! grains together into a brick of ample strength for 
ordinary building purposes. In places where sand 
is abundant and clay Bistable for brick making 
is scarce, the process is of considerable use. * 

Pure calcium oxide forms white porous 
amorphous masses of sp.gr. 2-3 to 3-08, highly 
infusible, melting only iif the highest tempera¬ 
ture of the oxyhydrogen blowpipe flame or in the 
electric arc. In the ordinary oxyhydrogen flame 
it emits an intense light, which is much used for 
lantern projection. 

Calcium oxide has been obtained by Brflgel- 
mann in minute cubic crystals of sp.gr. 3*251 
by heating the citrate in a porcelain flask (Pogg. 
Anft. [2] 2, 466 ; and [ij 4, 277). . • 

A crystalline mass, found upon the lining, of 
a continuous limekiln at Champigny aftet ?8 
months’ continuous work, was also shown to con^ 

| sist of small cubical crystals of pure lime, of mgr. 
3-32(LevaUoisandMeunier,Compt.reiui.9G, low), 
j There is evidence Of the existence of two 
I forms of calcium oxide. The oxide obtained t 
! by heating *calcite at a low red heat is fine 
grained and porous. When heated at higher 
temperaturesLthe xefractaje index increases and 
cubio cry staffing calcium oxide is formed for 
whioh Nn=l*83. The melting-point of CaO as 
determined by the Holborn Kqjlbaum optical 
pyrometer is 257^° (J. Washington Acad. SgL 
j 133, 315). n ♦ 

1 . Amorphous tme tales up water with im¬ 


pure varieties which approach the nature of 
cement, are generally preferable for building. 
In the oase of limes containing so much 
silica as does Chaux de Teil and so much 
silica *mnd alumina as does Blue Lias fee, 
thev may be regarded as hydraulic cements 
lather than limes proper. A rough trade 
distinction exists between ‘fat* and ‘poor* 

I!_IPL. t _ ' 1_ _ , *, . 


and alumina, slakes slowly and relatively feebly. 
Both, whon mixed with sand, form mortars, 
but fat lime sets only by drying and srfo- 
sequent absorption of carbonio .acid from 
th» "air, whefeas the silicions constituenta in 
poor lime will themselves set, to some small 
extent, ip the nianner of a cement. Pure lime, 
mixetrtrithpure quartz sand, haa no appreciable 
«c%ron it at the ordinary temperature, but 
majr.act in dight degree on the more attackable 
sflknous concomitants of common bidldlng s&d; 
in aay teat however, the action istrifling, and 
U» eetting of common mortar is jnnotically 
maSeeted by any such occurrence. In building, 
thMOfote, where an hydraulio cement it not 
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markable aviiHy,* forming oaldum hydroxide 
C*(QH)* the, combination being accompanied 
by a contraction in vmume and Evolution of, 
heat Owing*to this property,.# is used exten¬ 
sively in the laboratory and works m a drying 
agent. On exposure to air, the" amorphous 
variety of lime rapidly absorbs watei 1 and carbon, 
dioxide ; anhydrous lime, however, only absorbs 
the gas when heated to near 415°. Compara¬ 
tive tests show that carbon dioxide penetrates 
to a depth of about 3 inches in 20 days. More 
water is taken up in summer than in winter, 
but'the carborPdioxide absorption is about the 
same (Whetzel, J. Ind. Eng. Chem. 1917, 7. 
287) Lime is readily soluble in dilute mineral 
acids. It also reacts with ethyl alcohol when 
heated in a sealed tube to 115® to 125°, giving a 
mixture of hydrate and ethylate of calcium. 

Calclm* hydroxide, or Hydrate ot lime, 
Ca(OH)|, is Obtained by slaking fresh well- 
burnt quicklime with about a third of its weight 
of water. Informs a white amorphous powder of 
sp.gr. 2*078, sparingly soluble in water, and less 
so m hot than in cold \*ater, as soen from the 
following table (Maben, Pharm. J. [3] 14,505):— 


Tempera¬ 

ture 

Parts of water 
required to 
dissolve one 
part CaCP 

Tempera¬ 

ture 

Parts of water 
required to 
dissolve one 
part CaO 

0* 

759 

1 55° 

1104 

5° 

764 

60° 

1136 

10° 

. 770 

65° 

1208 

15° 

* 779 

70° 

1235 . 

• '20° 

701 

75° 

1313 

25° 

831 

80° 

1362 

30° 

862 

85° 

1388 

38° 

.909 

90° 

1579 

40° 

932 

96° 

1650 

48° 

50* 

985 

1019 

99° 

1050 


According to Lamy (Compt. rend. 86, 333), 
the solubility varies Bligntly with the method of 
preparation of the hydroxide. 

The solution known as lime water has an 
alkaline reaotion, and absorbs the carbon dioxide 
of the atmosphere, forming a pellicle of calcium 
oarbonate. Lime water of definite strength for 
pharmaceutical purposes, is best prepared by 
•using freshly ignited lime. In, preparing lime 
"water from ordinary lime, the first solutions 
should invariably be rejected, as they will contain 
netrly all the soluble salts of the alkalis and the 
baryta and strontia present in J&e lime as im¬ 
purities. Milk of lime is an emulsion of calcium 
. hydroxide suspended in less water than is required 
for its complete solution. Calcium hydroxide is 
much more soluble in solution of sugar than in 
pure water, due to the formation of soluble 
saccharates (for solubilities, v. Weisberg, Bull. 
Soo, o h™. 21, 773). 

Calcium hydroxide is precipitated by oaustio 
potash or sod* from strong solutions of the 
chloride j if a satuipted solution cof oalcium 
chloride be employed, ?he whfife Becomes solid. 

A solution evaporated over sulphurio aoid in 
a vacuum deppsit® hexagonal, prisms, according 
to Gay-Lussac. Crystals, however, whioh had 
, separated on tho swfao&of samples of hydraulic 
oement were fount! by Glinka#© belong to the 


ihombio system & spite of bexagoit^ 

appearance. A deposit of grajr '-lamella, con- 
listing of calcium- hydroxide, was found by 
Luedeoke in a Carr6 ice ^machine. -Selwanov 
(J. Russ. Phys. Chem. flfoc. 45, 25fi) finds that 
supersaturated solutions of hydrated oafcium 
oxide contain 0*260 to 0*264 gram CaO $er H)0 
c.c. These saturated solutions are extr^mqly 
sensitive to heat. The moftohydrate Ca^iPH), 
may be obtainocUin hexagonal pfktes by hewing 
the solution. The cryohydrate gives on sdttoi- 
fication transparent ice, but the solution forced 
when the ice melts deposits the sesqui-hydrafo 
2Ca(OH),,H\0 in elongated hexagonal or rhombic 
plates. The compound is very unstable. . * 
Calcium hydroxide is an energetic base Com¬ 
bining with acids to form saltB and displacing 
ammonia from its compounds. 

At a red heat, calcium ffydroxide is decom¬ 
posed, water being driven off and oxide re¬ 
maining. * • 

Slaked liml is used extensively in the pre¬ 
paration of mortars and cements ( v . CEMENTS) 
for softening hard waters, in%he preparation oj 
lyes and defecation of sugar, and for agricultura 
purposes. It has been noted that as regardf 
the applioatiqp ef tme to the soil, only a smal 
proportion reappears as carbonate, the remaindei 
being adsorbed by the soil constitueits. 

Calcium dioxide CaO, was first prepared bj 
Thenard by the action of excess of hydrogei 
peroxide upon lime-water, when mioroscoi|< 
quadratic plates of the composition CaO„8H,U 
sparingly soluble in water and insoluble',fa 
alcohol, were precipitated. According to Conm 
(Chem. Soc. Trans. 1873, 810), the peroxide I 
most conveniently prepared by adding lime 
water in considerable excess to an aqueou 
solution of sodium peroxido acidulated wit] 
nitric acid. It is also obtained)^ a finel; 
divided white precipitate on adding la neutm o 
alkaline solution of sodium peroxide to a solu 
tion of a calcium salt. The crystals are isc 
morphous with those of hydrated barium pel 
oxide. On exposure to air they effloresce, an 
when heated to 130° aw converted into th 
anhydrous peroxide, pn increasing the heal 
half the oxygen is driven off, leaving a residu 
of pure lime. J3aO, in the anhydrous fon 
(Ripsenfeld ana Nottebohm, Zeitsch. anorj 
Ch«n. 89, 405) separates from very concentrate 
solutions near 0°, and above 40° even from ver 
dilute solutions. The ootahydrate is obtaine 
from very dilute solutions at the ordinar 
temperature. The ootahydrate is dehydrate 
at 100°. There is no appreoiable^hicoinpositic 
below 200°. Up to 273® decomposition is sloi 
but then becomes very rapid. Finely divide 
CaO a decomposes explosively when heat* 
aapidly to 275°. The dissociation pressure i 
255° is more than 190 atmospheres. # 
Calcium chloride CaCl, is fotEod in t! 
water of nearly all springs and rivers, and 
consequently a constituent of the saline matt* 
dissolved in sea-water. This salt also forms tl 
chief saline constituent of an exudation tv 
ourring on the faoe of the old red sandftoi 
roofe at Gijy’fl Cliff, in Warwickshire, ocflurrii 
to the extent of 27T5 p.c. (Spiller*Chem.«8o 
Trans. <1876, 1, 1.54). Ootoium ohloride likewii 
occurs, together with magnesium ohloride ar 
alkaline chlorides in the tachydrite and camalh 
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of the Staaafurt deposits, tachydrite containing 
21 p.e. CaCl, and 30 p.c. MgO„ while carrwtyte 
contains 3 p.c. CflCl 2 „and 31 p.e. MgCl,. ■ r 1 

C\lceum chloride[*nay be obtained by passing 
chlorine over the red-hot oxide, or by dissolving 
lime, chalk, or marble in hydroohlorio acid ana 
evaporating. K it is necessary to obtain the 
salt pure, ohlorine water may be added to the 
Bolutjon in hydrochlorio acid in order to oxidise 
any iron preserft,* which may then be precipitated 
by the addition of milk of lime, and filtered off. 
The slightly alkaline filtrate is then aoidified 
with hydrochloric acid and evaporated to the 
crystallising point. .' 

Calcinm ohloride iB obtained in large quan¬ 
tities as a by-product in many manufacturing 
processes, notably in the preparation of potas¬ 
sium chlorate and ip the manufacture of sodium 
carbonate by the aiumonia-soda process ; it may 
be obtained in the pure state from these crude 
product*«b;f the method just indicated. Many 
attempts have been made to utilise this waste 
caloium chlorjde.^ Richardson (E. P. 10418) 
treats the puriff^d crude solution with am¬ 
monium sulphate in tho proportion required to 
convert all the chloride into sulphate; the 
calcium sulphate could their be f^tered off, and 
ammonium chloride recovered by crystallisation. 
Pelouze (Ccmpt. rend. 52, 1267) was the first to 
point out that oalcium chloride mixed with sand 
to prevent fusion is almost completely decom¬ 
posed when heated to redness and treated with 
the chtarine being evolved as hydro- 
^cl/.drio acid. Tho prooess was patented by 
Iftiyay, and tho method applied to the waste 
oalcium ohloride liquors, but the condensed 
hydrochloric acid obtained is dilute and does not 
pay for the coal consumed in the operation. 
Lunge considers that so long as hydrochlorio acid 
is so cheap, up possible method can be found to 
utilRe the ohlonne in the waste liquors at a profit. 

Saturated solutions of calcium chloride do 
posit the hydrated salt "in large hexagonal prisms 
terminated by pyramids, of the composition 
^aCl^GHgO. The crystals melt at 29° in 
their water of crystallisation and deliquesce 
rapidly in the air, fuming a visoous fluid, 
formerly termed oleum caicis. Heated below 
200®, or in a vacuum over sulphuric acid, the 
crystals lose four molecules of water, ^he re¬ 
maining two molecules can only be exjl^tted 
Above 200°. According to Weber (Ber. 15, 
S316>, tile salt dried at 180°-200° is practically 
anhydrous, containing only 0'2 p.c. ol water. 
Besides the two hydrates above described, 
Leseosnr (Ccnpt. rend 92, 1158), from deter¬ 
minations of maximum tensions of solutions, 
shows the probable existence of two others 
CaCl„4H,0 and CaCl„H,0. The tetrahvdrate, 
however, can only exist below 129°. MilikCn 
(Zeijedh. pbysikal. Chem. 92, 496) has examined 
{be equirogum conditions in the. system 
CaCl,—HC1—H,0. The solution containing 
44-5 p.c, CaCl, and 3-3 p.c. HC1 is in equilibrium 
with tiie solid phases CaCl,,8H,0 and Ca01„4H,0 
and. the solution containing 28'48 p.c. CaCl, 
> and°2I'40’p.c. HCl with the solid phases CaCl,, 
. 4H,0‘and , C#iB jh 2H,0. • ' F 

(uj^dgnua calcium chloride is a white porous 
mass, which feaes at Cited beat or, aooddmg to 
I<o Oaiateber (Suit Soc. 

06 ootstog, .the salt-sol 


47, 300), at 756' 
to a’transluoent 


mass <i orystals of sp.gt. 2'2p5r A slight de¬ 
composition into oxide and* carbonate ooours 
when the fusion is performed in air. On this 
account, the pflscus chloride obtained by drying 
the crystals at 260° is better adapted for desic- 
oating purposes, especially for the absorption of 
water in organic analysis. McPherson (J. Amsr. 
Chem. Soc. 1917, 39, 1317) has shown that 
granular calcium chloride when absolutely dry 
will remove every trace of moisture from a gas 
"passed over a sufficiently long column of it. 

If the fused mass is exposed to the sun’s rays, 
it becomes phosphorescent in the d^rk, and was 
formerly called Homherg’s phosphorus, after the 
discoverer of the fact in 1693. 

Anhydrous calcium ohloride is highly de¬ 
liquescent. 100 parts of the powder exposed-to 
an atmosphere saturated with aqueous vapour 
absorb 124 parts of water in 96 dV c Accord¬ 
ing to Kremers (Pogg. Ann. 103,- 57 ; 104, 133 ; 

J. 1858, 40), the following quantities of water 
are required to dissolve one partiby weight of 
the anhydrous salt:— . 

At 10-8° 20 n 40" 60° 

1-58 135 0-83 0-72 

In the following table, drawn up bwthe same 
author, are Bhown the specific gravities of solu. 
tions of varying strengths:— 

Quantities in Sf.gr. of solutions at , 

10O parts water 19*5° (water at 19t J =l) 1 
6 97 1-0545 ' 

12-58 1-0954 

23-33 1-1681 

36-33 1-2499- 

50-67 1-3234 

62-90 l 1-3800 

According to Engel (Bull. Soc. ohinf. 47,318), 
100 parts of water at 0° dissolve 60-3 parts CaCl „ 
forming a solution of sp.gr. 1-367: 

A solution of 50 parts anhydrous CaCl, in 
100 parts water, boils at 112°, one containing 
200 p.o. boils at 158°, ami a 325 p.o» solution 
boils at 180°. C 

According to Lefebvje (Compt. rend. 70,-884) 
a supersaturated solution of caloium (blonde 4s 
formed by dissolving 350-400 grams offthe cry*, 
tallised salt in 60 c.o. warm water or 200 grams 
of the anhydrous Balt in 250i0.o, water; it may be 
shaken after cooling without crystallisation, but 
solidifies on contaot with a crystal of the salt. If 
oooled to 5-8°, this solution begins to crystallise, 
the temperature rising to 28°-29*. A solution j 
containing 65 p.c. CaCl, deposits at about-15* 
large plates of the tetrahydrate Cad„4H,0, 
whioh do not induoe the crystallisation of*the 
Bupema-.mt ligjuor. This solution, in passing 
from liquid to solid stafifc, undergoes at 70* a 
contraction 0-0832 of its volume. 

The crystallised ohloride CaO,,6H,0 also 
deliquesces rapidly, and dissolves in naif its * 
weight of water at 0°, in one-fourth its weight, 
at 16°, and in all proportions of hot water, in 
dissolving it absorbs heat, while the anhydrous 
ohloride diAolves with evolution of heat. A 
mixture of 1-44 parts crystallised chloride with 
1 part of snow produces q cold of —5^-9°, more 
than sufficient tWfteese Tnorwry. 

Both the anhydrous anAhydrated ohMride, 
dissolve readily ip aloohol, 19 pgrt* at 80*. dis¬ 
solving 6 parts anhydrous Cad, j on evaporation 
in a vacuum at-winter temperature, rectangular -< 
plates of 2Caa^ffC,H,e sre-deposited, . , 





AUIIJT UtUUB WJIUUI WUUliUO QUO »bs am¬ 
monia gu, forfliBg'.the compound Ca9l„8NH, 
da a white potrdfer, which, on exposnre to air, 
eolation in water, or on heating, is decomposed.* 
' Thrown into chlorine gae, t haj ompound takes 
fire. Calcium and barium dnB%dia torn the 
double fiUt CaCl,,BaCl, (ra.p. 6®°), but no 
mixed crystals. .Calcium and strontium chlor* 
ides form a continuous series of mixed crystals 
with a minimum melting-point at 658* and 
88 mol. p.o. OaCl, (Jahr. Min. 15). * 

Calcium oxyoworide. When calcium chlor¬ 
ide solution is boiled with slaked lime, and the 
liquid filtscsd, white needle-shaped crystals 
of oaloium oxychloride separate out on cooling 
of the composition ClCaO-Ca(OH),7H,0 or 
3CuO*CaCij,Soil s O (Grimshaw, Chom. News, 30, 
280). The salt is stable out of contact with air, 
loses part of its water of crystallisation over 
sulphurio *abid or oaustio lime, and absorbs 
.earbon dioxide from the atmosphere. It iB 
1 decomposed by water or alcohol. 

According to Andrd (Compt. rend. 92, 
1452), the composition of the salt is 
CaCl s '30a0,16Hj0 1 

and, on drying in a vacuum, it becomes converted 
" into CaC3 1 -3Ca0,3H,0. 

Whoa caloium chloride i8 fused at a bright- 
red heat in a current of moist air, it is gradually 
■ converted to an oxyotioride of the composition 
CaCli-OaO, and evAtually to oxide (jGorgeu, 

■ Compt. rend. 99, 256). * 

Calcium hypochlorite v. Bleaching fowleb. 
Calclumtehlorate (Ja(C10,), is produced when 
chlorine is passed into hot milk of lime, but 
is difficult to separate from tho chloride simul¬ 
taneously formed. This is the first step in tho 
manufacture of potassium chlorate, ana the ro- 
. action is snppased to be as follows 

6Ca(OH),-f8Clj=Ca(CJO,) s -f 6CaCl,+6H,0. 
Aooording to Lunge (J. Soo. Chem. Ind. 1885, 
722), th^ reaction really takes place in several 
.-stages, (Sdcium hypochlorite and hypochlorous 
acid being first formed and mutually reacting 
with production of «alcium ohlorato: 

. (1) Ca(OCl)i+«’l 1OT,0=0aCl,+4HC10. 

' f*l f08(OOf*i-MHC10=C»Cl,-rCa(C10,),+ 4Cl+2H,0, 

• The free chlorine serves only as oarrier of 
. the oxygen of two moleoulos caloium hypochlor- 
ite.to a third molecule of the hypochlorite which 
s ja oxidised to chlorate. Lunge’s experiments 
-show that the best mode of converting hypo¬ 
chlorite into chlorate is to raise the temperature 
of the solution, slight excess ohlorine being at 
the tame time presents The heat produoed by 
•the reaction on the large scale hi sufficient 
Caloium chlorate can beet be prepared by the 
electrolysis of a 10 p.o. splution of calcium cnlor- 
ide. The density of the current should be 10 
ampere# pet square decimeter at the anode and 
*> 4wihie at the cathode; temperature 60° (Zeitsch. 
Jjjlektrochem. 4, 464). 

‘ It- may abo be prepared by preoipi- 
taihu potassium ohlorato with calcium silico- 
fluonde. It crystallises in delfcjuescont rhom- 
boidal pjatbs, very soluble io-water and alcohol; 
the erywals contain 10-5*j).o. water, melt 
when wanned, jnd deoompos# further 
h< 


annum pftchloratt Ca(C10 4 ), may be ob- 
tailed by saturtoig pernhlori^ftCid with caustic 
l^T. 9 


lime,** It Is extremely deliquescent am? crystal* 
Iiaes in prisms soluble in alcohol 
i 0 Caloium bromide CaBr, (m.p. 730?) is formed 
bjr burning caloium in bromine valour, or by 
dissolving lime or oalcinm^arbonaw^r# hydro- 
’'bromio acid and evaporating. The silky 
needles thus obtained are hydrated, but may 
be converted to the anhydrous salUby heating. 
Calcium bromide much resembles the ohloritte 
in properties, being deliquescent, anc3 very 
soluble in alcohbl. NaBr*and CaBr, solidify 
to form two series of solid solutions with a 
eutectic pqint at 613°, and on further cooling a 
reaction takes place at 469°, a compound 
NaBr,2CaBr, being formed. KBr forms a 
single compound KBrCaBr,, represented by a 
maximum on the freezing-point curve at 637°. 
There are eutectic points at 644° apd 663° 
respectively (Zeitsch. anorg >Chem. 99, 137). 

Calcium Iodide Cal ? may also be prepared 
by combustion of calcium in iodide vapour, or 
by solution of dime or the carbonate iA hydriodio 
acid, evaporating and fusing the residue id a 
closed vessel. Heated in qpntact with air, it 
fuses below a red heat, and decomposed with 
liberation of iodine vapours and formation of Ipne. 

Liebig (AnnaJes, 121, 222) recommends de¬ 
composition of Cal, by K,S0 4 for preparation of 
iodide of potassium. To prepare the caloium 
iodide, 1 oz. of amorphous phosphorus is drenched 
with 30 oz. hot water, and finely pulverised iodine 
gradually added with constant stirring as long as 
it dissolves without colour (quantity thus dis¬ 
solved being 13$ oz.). The, colourless liquid is 
then decanted from the slight deposit, and made 
slightly alkaline with milk of lime (8 oz. lime 
being required); the solution is afterwards 
strained, and residue of phosphate, phosphite, 
and hydrate of calcium washed. The solution 
then contains the calcium iodide, which may, if 
necessary, be obtained by evaporation in the 
form of hydrate in deliquescent neediest? 

A double iodide of calcium anti Silver of the 
composition Cat a *2AgI,6H f O has been prepared 
by Simpson (Proc. Roy.-'Soc. 27,120) by saturat¬ 
ing a hot concentrated solution of Cal. with motM> 
silver iodide. It crystallises on cooling in lorig 
white needles, decomposed by water. The basio 
salts formed by the alkaline earth metal haloids 
have been studied by the equilibrium relations 
in the ternary system between the haloids, the 
.corresponding hydroxides and water. The basio 
s&fc Cal, 3CaO,16HjO is stable at 25° in contact 
with solutions containing 28-44 p.c. to 66*08 p.o. 
Cal, (Zeitsch. physikaL Chem. I9l7, 92, 69). 

Calcium iodate Ca(I0,), is obtoned by crys¬ 
tallising mixed solutions of peftwaium iodate 
and calcium ohloride. The hydrated salt forma 
four-sided prisms whioh effloresoe in the air, and 
beoome anhydrous when heated to 200°. Prom 
^solution acidulated with nitric aoid, it separates 
in trimetrio crystals. The crystal# are winkle 
in 464 parts water at 18°, and i* 102 parts of 
boiling water, but are insoluble in ploohol The 
anhydrous salt, gently heated in a porcelain 
retort, evolves 14*78 p.c. of oxygen, and 64*07 of 
iodine, leaving 31*14 p.c. of a residue mb. in 
pertab&sio periodate of calcium^ Heatea more 
strflfcgly, involves more oxygennnd iodine, end 
leaves Jk)-35 p.o. of a mixture of penUbjaic per- 
iodate\nd free lime. Qjjpium iod^ nRohatea 
violently when heated on charcoal. 
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8c»alftdt proposes (Eng. Pak/6304, 1884) to 
use calcium iodate as an antiseptic. c 

Perio4at« of caloium. When the soditfinj 
salt NaEj^O. is decomposed by calcium ni¬ 
trate, ft r crystalline w&ite precipitate of dicalokim 
periodate CaH t TO, or 2Ca0.3H t 0.I a 0 7 is ob¬ 
tained. When Jhis salt is heated, water, 
oxygen, and iodine are given off and penta- 
calcium periodate Ca.I a O ia remains (Langlois). 

C»Rium fluoride CaF, is found widely dis¬ 
tributed in nature arid is knocks fluor-spar. It 
is the only common mineral in which fluorine 
forms one of the principal constituents. It 
ooours both massive and in beautiful crystals, 
generally cubes or forms in combination with 
the cube. It is a common vein mineral, occur¬ 
ring usually in association with metallic ores, 
barytes, calcite, &c. Tt presents a variety of 
colours, sometimes shading into one another as 
in the beautiful * Blue John ’ of Derbyshire. 
All the coJoined specimens lose their colour on 
heating, green specimens being tin most difficult 
to decolourise completely. Thermo-lumines¬ 
cence is very markpd in all naturally coloured 
crystals, a violet light being emitted in most 
cases, with decrepitation. Free fluorine has 
been shown to exist in a dark violet lluor spar 
from Quinci£, Dept, du Ithfine. Crystallised 
odourless fluor spar can be coloured deep blue 
by the. 3- and <y-rays of radium, and then shows 
on gentle warming a beautiful green thermo¬ 
luminescence which fades and changes into the 
pale violet light characteristic of all fluor spars. 
Debieme found that certain dark violet fluor 
spare smell of ozone. When heated they lose 
their colour and thermo-luminescence and also 
yield helium in variable but small quantity. 
On exposure to radium rays the violot colour 
was restored. It is also a constituent in small 
quantities of many plant asheB, of bones, and 
of the enamel of teeth. When calcium fluoride, 
obtain&r by precipitating any soluble calcium 
salt Witt fliroride of sodium or potassium, is 
heated with water slightly acidified with hydro¬ 
chloric acid, the precipixate is found to consist 
of microscopic octahedrons. 

Calcium fluoride is soluble in about 2000 
arte of water at 16*, fend is slightly more 
)luble4n water containing carbon aioxide. It 
asolve# in hydrofluorio acid andfn strong hydro- 
alorio aoid, and is precipitated in the gelatinous 
mn by ammonia. It is fusible at 902°, and 
; used as a flux in many metallurgical opera- 
on*, especially in the reduction of aluminium. 
t' ? is decomposed at a high temperature by 
r ater vapou^mto lime ana hydrofluorio acid. 
iumn with alkaline carbonates or hydroxides 
ields carbonate or oxide of oalcium and alkaline 
uoridea. Strong sulphurio aoid, on gently 
wnfng, decomposes it, forming oaloium sul- 
hate and liberating hydrofluorio acid. At ca 
Mi ttBet also decomposed by chlorine. 
Lfter being heated fluor spar phosphoresces in 
jfs. datjd: There is a considerable industry car- 
tod on in fluor-epar districts in the carving of 
mamectal vases and other articles, the bril- 
varieties being especially in 

Calehtll oAlAe QeC,. Wohler j^nn. (Sim. 
TWa, ISS.^20) showed that by the addon of 
anoh A emotten aitty of zinc and oalBium, a 
hbk RW it obtained, hrhio^ on contact with 


cold water liberates various, -gases, Wfildec 
indicate, the reduction at the alkaline earths by 
magnesium (Ber. 22, 1^10).'' K&qnenne, is 1892, 

|‘prepared oaloium carbide as an, impure amor¬ 
phous black powder, and Travers obtain edit by 
heating toghtijA ialoium obloride, sodium, and 
oarbon. ItVas not, however, until file advent 
b: the electric furnace that^t bpcamepossible to 
manufacture a pure carbide suitable for the 
preparation of acetylene. Moissan (Compt. 
send. 138,243) used a mixture of limo 120 grams, 
sugar oarbon 70 grams, which was heated, in the 
crucible of an electric fumaoe for 20 minutes 
with a current of 350 amperes fid 70 volts. 
At the temperature of liquefaotion of the lime, 
(his reaction occurs: CaO+3C=CaC,+CO. 
Pure oalcium carbide is crystalline, colourless, 
and transparent, but the commercial variety, 
discoloured by iron, is usually brownish-red. 

Its characteristic reaction is thC^crompoal- 
tio.i of water in the cold, with the liberation of 
acityleno and the formation of calcium hydr¬ 
oxide (e. Acetylene). 

One of the most interesting developments of 
the manufacture is the production of ‘ nitrolin,’ 
calcium cyanamide Ca(CN)„ from caloium car¬ 
bide for manorial purposes. The nitrogen re¬ 
quired is obtained from the air by the Linde 
Company's plant, which produces both nitrogen 
and oxygen. The unionjof powdered calcium ‘ 
and nitrogen takes place with the evolution of 
iicat, lienco the temperature has to be maintained 
betwocn 800°-1000°, as at higher temperatures, 
the calcium cyanamide decomposes. The ab- 
sorption occupies 30 to 40 hours, and the produot . 
is a cokclike mateml which is ground to powder 
before being placed on the market ( v . Nitboqbj, 
Utilisation or atmosphbkio). 

Calcium Carbide, Manufactured. The com¬ 
mercial manufacture of calcium carbide ia 
credited to Willson in America and Hdroult in 
Europe. It was started in the early eighties of 
last century, and by progressive development 
acquired the distinction of being the largest 
consumer of energy in the electric fumaoe 
industry. This continued Extension regrltod in 
a better design and increased size of furnace, 
together with the neoessary equipment for 
handling largo quantities of raw materials and 
for preparing the carbide for the market. 

The chief factors which have to be considered 
in the choice of a site for a carbide factory are 
supplies of raw cnaterial consisting of limestone 
and coke, or anthracite, and an abundant source - 
of cheap electric power. Large works have 
consequently been established in plaoes when 
a practically unlimited supply of water power «f-' 
available. Henoe, nfost progress in the industry 
has been witnessed in Norway, where—exoeptiiig 
coal—other demands are amply satisfied. 

The raw materials used in the manufacture 
of calcium carbide should be as pure as posable. 
Special attention should be paid to obtaining 
them free from phosphorus, sulphur, add 
magnesia; silica, iron, and'alumina should be 

r isent only in Small quantities [v. Witherapon, 
Soc. Cham. Ind 1913,113). 

Phosphorus ogbrns urUmestone St oalcium 
phosphate,%nd is reduced at mo temperature of 
the furnace, and ia the presence of carbon, to 
caloium phosphide, which, tfhetf brought bite 
contact with water, f evolvjy 0 phoephosetted 
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hydrogen. Th& gfta mixes with the loetylene, Borcher’a is the simplest type, ootoAats of ft 
and when thehurnera^kre lighted, caufcs ft haze large iron crucible Hned on the bottom with ft 
of pboephoru# pinto rid*, which is very obje<pi flyer of carbon, this forming one.termmalof 
taonable. So. carefully, however, are the raw lie electrical oircuit. The othei* terminal* is 
mstAiab? Selected that all qpmmercial carbides formed of a carbon todjwhioh is ^appended 
are prac^pally free from phosphotud, the averago vertically in the crucible, and provided with 
content m acetylene being less ttfan 0-002 p.c. somo form of mechanical hoi|t to give a vertioal 
by volume. (Fsr # method of examining coift- motion to the rod and holder, which together 
meroial carbide for calcium phosphide based on may weigh as much as one ton. To riart the 
that of Lunge and Cedercreutz, see Dennis and furnace, the moving electrode is lowers, until 
O’Brien, J. lnd. Eng. Chem. 1912, 4, 834.) • on passing a current an afe is formed with the 

'Sulphur, unless, present with considerable carbon bottom. The mixture of lime and coal 
amounts of aluhSm»£a^Hile influence on the re- previously prepared and stored in a bin above 
Bulting caiUde. Calcium shlphide, formed in the the furnace is fed in around the arc until 
furnace by the reduction of calcium sulphate, does entirely* covered. • A current of 2000 amperes 
not decompose in the production of acetylene, and 75 volts was used in the early Willson 
but in the presence of alumina, aluminium sul- furnace. The arc being started, interaction 
phide may be formed, which yields hydrogen soon commences between the lime .and the 
sulphide ^Jien brought in contact with water, carbon, producing a poffl of carbide, which 
Very little trouble, however, is experienced with gradually deepens, necessitating frequent lifting 
sulphur, as the lime and coal used in the manu- of the eloctrode to keep the cufrept constant, 
facture rarejy contain a prohibitive quantity. The process 4s continued until the furnace is 
Magnesia has the peculiar property of full, when the crucible is wheeled out and an 
interfering with the formation of c|lcium carbide empty one substituted. Vft^en sufficiently -cool, 
in the furnace. If more than one p.c. of magnesia "the contents are dumped on to a grating to 
be present in the lime and coal, the electrical separate the unconverted mixture, and the ingot 
energy required becomes noticeably so much removed to a during room, where the crust is 
greater, that, raw materials containing such removed and the blqpk of carbide broken up. 
impurity are considered unfit for use. A flux In practice four tons of raw material were 
of fluor spar has bton used to counteract this handled to produce one ton of carbide, and the 
effect, but with little success. Magnesia mixed process was also unsatisfactory on aocount of 
with oatbon apd heatSd in the electric furnace the varying quality of the product, which, 
does not form a carbido and is highly infusible ; though pure oarbide in the centre, was only a 
under simdar conditions barium and strontium fritted mixture of lime and coke on the crust, 
oxides form oarbides with ease. In order to improve both the quality and out- 

Silica, iron oxides, and alumina form silicates, put the American makers adopted a rotating 
aluminates, •and ferro-silicon, which reduce the furnace, of which the Horry furnace is the 
purity ofthe carbide and the output of the furnace. best-known type. This is built in the form of 
The preparation of the raw materials in a spool with wide flanges fastened to the drum, 
earbide manufacture is of much importance, producing three sides of a square in oross- 
owing to the high temperatures employed in the section. The fourfh side is formed by a remov- 
reduction of the lime. Water in the free state able plate, clamped across the flamfto. Two 
in the coal, or combined as hydroxide in the electrodes, suspended vertically*form an arc 
lime, should be entirely eliminated, its presence in the furnace, a single-phase current of 4000 
reducing the output of the furnace in very serious amperes and 75-80"* volts being employed, 
proportions. The coal is, therefore, thoroughly The electrodes are fixed, but the furnace is made 
dried at a low heat in some convenient type of to rotate at a peripheral speed of about 6 inches 
oven or rotary di-ygr. The limestone, consisting an hour. In operating the furnace a layer of 
of calcium carbonate, requires a high tempera- broken coke is placed under the electrodes, the 
ture'to drive off the carbon dioxide, ana the arc is sprung, *and the charge of lime and coal 
operation is usually conducted in some type of fed in until the electrodes are covered. As the 
lime kiln fired by coal or gas.—the Alby works c^rUde is formed the rotation brings the 
ftt Odda used produoer gaa-ffied kilns-^or the electrodes into contact with a fresh charge, while 
limestone may be burnt in specially constructed the fluid carbide slowly solidifies, to an ingot 
chambers, using gases evolved from the manu* shape, and is detached in large blocks at tike 
factxtfe of the carbide. The ingredients were rear end of the furnace. In a ^modification the 
formerly ground fine to ensure a unifofm pro- fused carbide is made to pass through a die 
duct, but this is now found unnecessary, and which separates the fused carbide from the 
the limestone is reduced by orushers to 1-2 inch unreduced mixture, and cools the carbide 
size, and the ooal to moh mesh. They are sufficiently to determine its shape, whence it is 
then weighed and mixed roughly in about Withdrawn progressively and detaohed in the 
theoretical proportions required by the equation form of a pig devoid of crust. * * • 

CaO-f3C==CaC,-f-CO, or approximately 100 In Europe the early pot fufhaoe was soon 
parts bjr weight of lime to 65 parts by weight changed to a tapping furnace, •in which the 
Of the carbon e*n tents of the coal carbide was heated until sufficiently fluid to 

The types of electrio furflaoe whioh have be run into cast-iron moulds. The eftrifet 
been used in the manufacture of oarbide may furnaces were similar in fonrf to the pot jtraaee, 
be roughly divided into tkf intermittent and wtth one suspended electrode, but it w»s 
continuous form In the fust ’and earlier difficult to get the desired temperature and 
type the carhid^was allowld to solidify in the fluidity. Two or more eJeotrodflf yw* tita- 
crudbfe, ana # w«s hence known as the ingot introduced, and the prltress in efetfmc furnace 
fumaoe. This,*pr tbft pot furnace, of winch design for high fpmperaturw followed tot 
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Sent in the carbide industry. The fur- ( 
nace, as constructed by Alby in Sweden, used a 
sincle-phas^altemating current of 1600 kilowatt!, 
and produf^d 60-60 tons of carbide per week.0 

The Electrodes, ifthiCh in the early days of 
the industry were obtainable only in compara¬ 
tively small sizes# could later be purchased up 
to 22 inches square and more, and were also 
used by Borne manufacturers as an assembly of 
smaller ones. The working temperature in the 
furnace attained 3000° C., though the casting 
temperature may be somewhat lower. To 
withstand such a great heat the furnace, which 
is constructed of steel framework and plates, 
has to be lined with some refractory material,pre¬ 
ferably as inert as possible towards the elements 
of the charge, and, where the heat is most intense, 
water cooling tubes may be built into the lining. 
It is necessary also Vo insulate the electrodes to 
prevent short circuiting through the furnace con¬ 
struction, as a£so to make a gas-tight joint where 
the closed torm of furnace is employed. 

Considerable progress has been made in 
attaining size andc efficiency by the use of 
multiphase currents, which has resulted in 
advantage not only to the carbide industry but 
also in the manufacture of^.ferro silicon and 
other ferro alloys. Acoo^ing tef Helfenstein 
and Taussig (Seventh Congress of Applied 
Chemistry), t^e largost power consumption 
possible with a built-up electrode amounts to 
2500-3000 kw., the current being 30,000-40,000 
amperes at 75-95 volts at the electrode. In a 
three-phase furnace—the only type used for 
large units—this means a total power con¬ 
sumption of from 7500 to 9000 kw., or 10,000 to 
12,000 h.p. In the manufacture of carbide a 
further step has been taken in the construction 
of double three-phase furnaces, in which in the 
same hearth Bix instead of three electrodes are 
employed, connected to two separate three- 
phase fcfflts; the power required being from 
15,000 to*18,0%0 kw., corresponding to a produc¬ 
tion of from 80 to 110 tons of carbide in 24 hours. 
In this modification ther! is no increase in load¬ 
ing, but it is interesting as showing that the 
power capacity so attainable is unlimited, whereas 
any attempt to increase the power of consump¬ 
tion beyond 2500 to 3000 kw. per electrode is 
found to be impracticable unless the furnace is 
Operated by entirely special methods. 

In open furnaces the heat due to the burning 
of the gaseous products of the reaction isEo 
great, that even with less than 3000 kw. per 
electrode special protection against the heat has 
to be provided both for the workers and the 
electrical plaift. Simultaneously the gaseB 
evolved become & serious nuisance in open 
carbide furnaces, and smoke is developed dis¬ 
proportionately as the power is increased, for 
which reason it is not advisable to exceed 
30d0 lew. pg? electrode. Another obstacle to 
the use of higher concentration ofpower is the 
difficulty of ^satisfactorily charging the raw 
materials into the furnace sc as to keep the 
Hteetrodes uniformly covered, any undue expo¬ 
se Idling to fuming, or distillation of material 
<k» to ovemeal^ig. 

•jf-A* the capacity of the furnace ig increased 
tlfe trialfikt^an of the gases produced hy the 
fraction becomes of gfl&ter economic moment. 
In the carbide furnace 70-85 p.c. of the gases is 


\ 

carbon idpnqxide, with carbefc dioxide and water, 
whio&arjj easily removable in pragtioe as the sole 
, impurities. Furnaces are no\C designed entirely 
Closed in, so that evolved gas c^an be utilised 
forbearing purposes, and by so doing smokejftuis-' 
ance and extfMjive f radiation of heat is avoided. 

The typi&of furnace as covered Helfen- 
Aein’s patents illustrate the giain features of 
interest m connection with mechanical charging 
and other general problems of management of 
tfco electrical furnace for the manufacture of 
carbide. Fig. 8 shows an elevation and section 
of an 8000-10,000 kw. single three-phase furnace. 
About 8-10 metres above the bottom plate is 
a charging floor, where the raw material is 
brought, as in blast furnace plants, by tipping 
waggons to the charging apparatus at regular 
intervals. The charging arrangements con¬ 
sist of a largo mixing cnamber, which can be 
closed gas tight, communicating wittt’the body 




central 



Fig. 8. 


hanging electrode, of 3000-4000 k.g. weight, 
passes, being thu3 surrounded on all sides by the 
mixture. The mixing reservoir, which has a 
capacity of fromnSOOO to 7000 k.g., is fed con¬ 
tinuously as the material is used in the process 
through large pipes from the charging floor 
above. Wide slits provided with gas-tight 
covers*are inaSe in the <£op of the furnace* 
proper, near the mfltoth of the reservoir, for 
observation and control of the prooess. 

When no more profitable use of the waste 
gases is required, their immediate application 
in preheating the charge oan be carried out as 
illustrated in Fig. 9. The general form of the 
furnace is the same as Fig. 8. It k seen, that 
in the upper part of the hearth there is a gas-, 
filled comer space bounded by the naturally 
sloped surface of the raw materials; by blowing 
or sucking air in St the noxxljp, as indicated ia 
the diagran^ this Ipace is confected into a com¬ 
bustion chamber, the gases burning in contact 
with the mixture of material in the hearth. 
In another Austrian moMoatiftf the furnace is * 
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provided with tjhkging vessels ra. thlJorm of, 
Bhftfts simUaifin deftgn to Uelfenstim’s* but 
With a branob tot taking off the waste gases. t , 
The A.G., works near Cologne, which are 
eaptrafo of producing 200 to^s of carbide a day, 
are described by Allmand and mlfl.ams (J, Soo. 
Chem. Ind. p. 304 1919). fhe power is 

obtained from fwe Ihree-phase turbo-generators 
of 11,250 kw. each, and three smaller ones 
capable of supplying power and current for 
seven furnaces. When visited, two of the lasge 
generators were working four furnaces, 3000 
kw. being consumed on power and light. The 
furnaces dfftisiat of steel plate shells 30 by 14 by 
10 feet deep, lined with 18 inches of firebrick, 
the hearth or crucible being aftorwards rammed 
with carbon concrete. The electrodes 50 by 20 
inches cross section, and 7 feet 6 inches tf> 8 feet 
in length^ere built up of sections 20 by 20 and 
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20 by 10 inches. Flange, boss, and contact head 
of each electrode were separately water cooled, 
and the current was carried by groups of flexible 
copper wires suspended by plains, each with 
separate electric motor control. The furnaces 
were of the open type, the smoke and dust being 
exhausted from openings in the back wall of the 
» furnace. 200 tons qf lime to 485 tons pf coke 
per day were required airfull working pressure. 
The lime was passed through a 4-inch ring, and 
the coke was in pieces 1 to 3 inches across. The 
electrode consumption was five kilo, per ton of 
carbide. One tap hole was tapped in each 
furnace every 45 minutes by an arc tapper, and 
each furnace was provided by three tap holes 
placed below the three electrodes. 

• The subsequent treatment* of the carbide 
requires special macMnery, according to whether 
the material is ttxbe used fodthe preparation of 
acetylene or for §ie manufacture of^cyanamide. 
In the former oase the dean ingots are broken 
into, large brock! and fed into jaw crushers, 
from whence itri^passej for gpnulation through 


slow-moving rolls, the object heing to dttwnib*- 
desired state of division with a minimum pro¬ 
duction of dust. TSe crushed material is sized 
%n trommels or rotary screens, which deliver the 
roduct in sizes varying from TargO lumps 
by 4 inohes, for the manufacture of acetylene 
on a large scale, to 16-30 me^Ji size, for automo¬ 
bile lamps, &c. A sheet-iron plant,' where 
steel drums and air-tight cans are manufactured 
/or storing and transport of the carbide, is\ neces¬ 
sary part of evefy works. Title standard packages 
are 100, 110, 200, 220 lbs. net weight of carbide, 
and small.tins from 1 to 25 lbs. for lamps. 

The largest use of calcium carbide is for 
making „ acetylene, but the cyanamide {q.v.) 
industry is dependent on calcium carbide "for 
its manufacture. For this purpose it is necessary 
to reduce the material to a fine state of division, 
and to prevent oxidation* and explosion it is 
usually performed in an atmosphere of nitrogen. 

The manufacture of calciugi carbide at 
prices prevailing in normal times depends upon 
tlio supply of cheap electric power. Norway, 
having abundance of waterpower and deposits 
of suitable limestone, has ldng been the largest 
producer of carbide. According to C. Bingham 
(J. Soo. Chem. Iiui. March 15, 1918), to produce 
a ton of casBide Tequirea 4250 units of electrio 
power, this figure including not only the current 
required for the furnaces themselveB, but that 
absorbed by transformers and* leads, as also 
that consumed by motors to drive crushers, 
elevators, pumps, and drum-making plant. The 
cost in Norway with cheap w|ter power amounted 
in normal times to 22*. to 25*. per ton of 
carbide, and its soiling price was £10 15*. in 
England. 

Tho only factory in Great Britain was at 
Thornhill, Yorks, which, owing to lack of 
electrio power, was removed to Manchester, 
where a large plant has been built. At 0‘4d. 
per unit the cost in Great Britain fm^ current 
alone would be £6 3*. 44. per t«i oi carbide, 
but if the process was run in connection with 
blast furnaces and coke ovens having a surplus 
of electric power or mis for tho manufacture 
thereof, it is calculated that this figure could 
be reduced to £2 JO*, per ton of carbide, 
reckoning 0‘Ud. per unit for depreciation arid 
running cost, and 2d. per 1000 cu. ft. for gas 
used in gas engines consuming 27 cu. ft. per 
kw. hour, or for the 4250 units mentioned, a 
c#*t^)f 19 s. 2d. 

Tho Nitrogen Products, and Carbide Co., 
Ltd., amalgamated with the Alby United Carbide 
Factories, Ltd., have acquired the St. Helens 
Colliery and Coke Ovens, Workkfton, with the 
object of producing carbide and nitrolin in this 
country on an economical basis. Electrodes 
are being produced at Hebbum-on-Tyne. 

% Calcium carbonate CaC0 8 occurs naturally 
m the forms of limestone, chalky marblg, ^nd 
caicite; it also constitutes the mincipal ingre¬ 
dient in egg-shells, mollusc-shells, and cork. • 
It is formed when the oxide or hydroxide is cl¬ 
osed to moist air containing carbon dioxide, 
ut is hot produced by the action of dry carbon 
dioxide on dry lime. It may be obtkfied in 
th%pure state by dissolving ohmk, or marble, or 
calcined oyster-shells in hydrochloric acid, pre- 
cipitaftag the alumina, flpde of irtri? a*d earthy 
phosphates by ammonia or milk of lime, filtering, 
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tften pMfcipitfvtipg the calcium by ammonium 
Carbonate, washing and drying, 

Calcium carbonate f 
Using in thl hexagonal „ 
and in« tire rhomkio* system as aragonite 
(?.».). * 

A litre of water dissolves about 18 milligrams 
of calcium o§rbon£te. The solution has a slight 
alkaline reaction. Gothe (Chem. Zeit. 39, 30S) 
gives tjte solubility of CaC0 8 in water free fron^ 
C0 a as being 31*0 mg. per litre.* It is increased 
by the presence of chlorides, nitrates, and 
sulphates in the water, but decrease^ by alka¬ 
line carbonates, and by chlorides, nitrates, and 
sulphates of the alkaline earths. Wh^ji boiled 
with water CaCO* (Gazz. chim. ital. 47, ii. 
49) slowly dissociates with evolution of CO*. 
This dissociation stops at a certain point, and is 
prevented, if a solution of Ca(0H) 2 (saturated 
at the ordinary temperature) is added to the 
boiling calcium carbonate in water in the pro¬ 
portion of 15 r c.c. per litre. Sodjfim carbonate 
(0*05 gram per litre) prevents dissociation. 
Seyler and Lloyd (Ghem. Soe. Trans. Ill, 994) 
find that the ionic Solubility product of calcium 
is [Qa"] , [C0 8 ' , ]=71 , 9 X10 10 , which gives [Ca"] 
s=14*6xl0- 6 for a saturated solution CaC0 8 
in pure water. In this solution th^carbonate is 
hydrolysed to the extent* of 66 p.c. Water 
containing carbonic acid dissolves it much more 
readily, forming the acid carbonate CaH 2 (CO a ) a , 
which is known only in solution. Solubility at 
higher pressures in w'atcr containing carbonic 
acid follows the law of Schloesing pretty closely 
(Engel, Compt. rend. 101, 949). The solubility 
increases under an increase of pressure only up 
to 3 grams per litre according to Caro. One 
litre of water saturated with carbon dioxide 
dissolves 0‘7 gram of the carbonate at 0°, but 
088 gram at 10°. The solubility of calcite in 
water, determined at differe#t temperatures by 
bubblii^*air containing 3*18 parts of C0 2 per 
10,000 until* saturation occurs, expressed in 
parta of CaC0 8 per million is : at 10®, 82 ; 21°, 
00 ; 22®, 57 ; 23®, 57 ; 30®, 55. Cavazzi (Gazzi 
chim. ital. 46, ii. 122) finds that the maximum 
Quantity of CaCO„ which after prolonged 
iwnvking) dissolves at 0® ^n one litre of water 
saturated with CO a and maintained so in the 
presence of the gas at atmospheric pressure is 
1*56 grams (2*5272 grams Ca(HCO a ) a ); at 15°, 
1*1752 CaCO a (1*9038 Ca(HCOj)a). A super¬ 
saturated solution is obtainable, contam&g 
2*29 grams CaCO 8 per litre. This acid carbonate • 
pfetys a most important part in nature, for 
whenever water containing carbonic acid comes 
In contact wi£i«carbonate or silicates of calcium, 
the calcium is gradually converted into this 
soluble form, and is therefore found in almost 
4 . natural waters. Henoe also the deposits 
in kettles and boilers; the formation of whioh 
* 4 may ptevyited by the addition of ammonium 

* chloride to th% water. 

Calcium carbonate, when heated to full red¬ 
ness in open Vessels, is decomposed into lime 
carbon dioxide. The decomposition com¬ 
mences at a low led heat, and in a current 
.Si airjbr better steam, the temperature of dis- 
SMiaUon is lower stilL The tension of Ida- 

• sdfeation fceWHnes equal to the pressure of the 
atmoeplHre,Vu>cardings|p Is Ohatslier ((Rraipt. 
NS^- m, 1243). at about 812*. If heated 


fapidfy, tne aubuuiiary wmpwtvwuxi w -wpr 
sociation,is 023°. At 847° tfe tension ol 
is dimorphous, orystaki Ldissociation is 27 mm. a at 610 *46 an. [ H ■ 
. system as oaloite 825°, 56 mm.; at 74tr, 245 mm.; at 830°, 

- -- - 1 678 mm.; and at 885°, 1333 mm. 11 theScar- 

bonate be igmi|eft In a closed vessel, it fuses, 
resolidifying ,o a mass of ■ marble-like calcite. 
According to Becker (JahrlW Mjp. 1886, 1, Bef. 
403), any’form of CaCO,, even at a low pressure, 
is changed on heating in a olosed space with 
exg-lusion of air into the rhomb^hedral form 
without fusion. The crystalline forms of calcium 
carbonate dissociate very slowly below 400°; 
at this temperature the dissociation, pressures 
are of the order of 0-003-0-009 mm. At 425° 
aragonite is transformed into calcite within an 
hour when heated in a vacuum. Besides ths 
two will-known forms a third crystalline form, 
referred to as /uCaCO, (Merwin and Williamson, 
Amer. J. Sci. 41, 473), is obtained bf"precipita- 
tion at 00° along with calcite and aragonite. 

It has D. 2-64, and can be separated from calcite 
D. 2*71, and aragonite D. 2‘88 by flotation in a 
liquid D. 2'6. If small quantities of the pre¬ 
cipitated carbonate are thrown into a fused 
mixture of sodium and potassium chlorides in 
equivalent proportions, no carbon dioxide is 
evolvod, but the carbonate becomes crystalline 
calcite, usually in aggregations of crystals like 
snow crystals (Bourgeois, dJull. Soo. chim. [2] 
37, 447). 

Peniahydr&ted calcium carbonate 

CaCO a ,5H,0. 

Tlio evaporation of natural solutions of the 
acid carbonate generally results in the deposition 
of the ordinary carbonate, forming the stalac¬ 
tites and stalagmites of caverns, travertine, and 
other forms of deposit; but sometimes the 
solution yields six-sided rhombio prisms of the 
composition CaCO J( 5H t O. These crystals are 
often found in pumps ifad pipes leading from 
wells, also adhering to the confervm in ponds. 
They keop unaltered under water at 20°, but at 
slightly higher temperatures lose their trans¬ 
parency and water of crystallisation , In air 
they crumble to powder through loss oi water 
(Pfeiffer, Arch. Pnarm. [2] 15, 212). Ibis salt, 
according to Pelouze (Ann. Chim. Phys. [2] 48, 
301), is obtained in small abute rhombohedra, 
sp.gr. 1-783, by boiling lime in a concentrated 
solution of sugar, starch, or gum, and leaving 
the solution for some months in a cold place. 
Bffloquerei, by exposing a solution of lime in 
sugar water to a voltaio battery of 12 oells, 
obtained crystals of the same composition, but 
in form of rhombio prisme- 

Basts carboihtes of lime. Calcium oxide 1 
commences to absorb*barbon dioxide at a tem¬ 
perature of 415°, forming a basic carbonate of the 
composition 2CaO-CO, (Bimbaum and M&hu, 
Ber. 12, 1547). 

Baoult (Compt. rend. 92, 1467) shows that 
when freshly burnt lime is heated in a current of 
carbon dioxide, it glows strongly, forming 
2CaO-CO,, whioh does not disintegrate in moist 
air, and does not take up water from steam at 
200°. When finely powdered and treated with 
a little water, it hJhdenn like hydraulic cement. 
The bydratod. p&duct has She composition 
0aC)O,-Ca(OB), On heating tp tyll redness, it 
loses water and is converted two a mixture of 
CaCO, and CaO. • 
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Wkoa tnoat Hme i> boated in coiitao* with the crude mtrat* at calcium ouomfowa Q$ 
tffbsm dioiic|| for sqperal days, the baaio salt‘carbonate, sulphate, or chloride at potassfalMt. 
S(AOO,-CaO ifbbtained,which still absorbs C0 ;il &arge quantities of colobun nitrate sie now 
forming a third salt 3CkCO,'CaO. The oarbotr produced by the Haber prooeft. At the 
lioqjde qontlnues to be absorbed, however, Bvftlgfos works, Notojdw (55,008 hsp.), and 
and appears eventually to flrlhthp normal ear- the Rynkaa works (120,000 h.p., to be increased 
bsoate. * f to 300,000 h.t>.), the nitrous fumes from the 

Calcium nitqfdetCajN, is best obtained by Birkeland and Hyde furnace! or %e Sohonhwr 
passing dry nitrogen over metallic calcium con- furnaoes are absorbed in granite towers and 
tamed in a nickelboat and tube heated to bright jhe waters neutralised by limestodk- The 
redness. Two to three hours are required, (gid wet method of absorption is now being replaced 
the resulting material is fritted and possesses a by a dry method, which does not necessitate 
brownish-red colour. Its fusion point is about the use pf towers, the nitrous fumes being 
1200° j aj.gr. 2'63 at 17°. Whon thrown into absorbed by passing over lime kept at a tempera- 
water it produces a lively effervescence, yielding ture of jjbout 300°. The conversion to ammo- 
ammonia and calcium hydroxide nium nitrate cannot be aooomplished satis- 

Ca J N,+OH a O=3Ca(OH),+2NH, b ? tbe . inter “ ct 4 iolJ “ »““ oni “» 

* * » sulphate and calcium mtrato owmg to the fine 

(Moissan, Ann. Chim. Phys. [7] 18, 280). The condition of the calcium sulphate, tout this 
nitride, heated in a current of hydrogen, gives becomes crystalline if heated in an enclosed 
a compound having the formula Ca 8 N t H 4 vessel to 150°-175°, which can then be readily 
(Monatsh. 34, 1685). separated. _ * * 

Calciuntammonium Ca(NH 3 ) 4 is formed when Calcium pnosphlde, Moissan (Compt. rend, 
a current of dry ammonia gas is passed over 128, 787) prepared calcium^hosphide from pure 
metallic calcium, maipt^ined at a temperature of crystallised calcium and reft phosphorus. The 
15° to 20°. It possesses a brownish-rod colour, two bodies were placed apart in a tube \jhioh 
and takes fire when exposed to air. was exhausted and the phosphorus was gently 

Calcium amide Ca(NH a ) a . Calcium am- heated. The-vapours evolved combined with 
monium slowly decomposes, forming transparent tho calcium with ificandescenco. He also ob- 
crystals of calcium iJimide, hydrogen and am- tained it by reduction of pure calcium phosphate 
monia being evolved. with carbon in an electric furftace, using 310 

Calcium imide CaljH is formed by passing parts and 96 parts respectively of the ingredients 
equal volumes of hydrogen and nitrogen over and a current of 950 amperes and 45 volts. Bo 
heated calcium. It has not been obtained pure obtained, it is a brownish-red body, crystalline 
(Monatsh.t$4, 1685). when prepared in the efectrio furnace. Its 

Calcium nitrite Ca(NO a ) a ,H a O is prepared by characteristic reaction is the decomposition of 
decomposing a boiling solution of silver nitrite water in the cold with the production of calcium 
with lime-water, treating the filtrate with sul- hydroxide and hvdrogon phosphide. Prepared 
phuretted hydrogen and carbonic acid to remove by either of the above methods, it has the corn- 
excess of silver and calcium, and evaporating at position Ca s P a - 

a gentle heat. It crystallises in doliquescent Thonard (Ann. # Chim. Phys. [3] 14, 12) ob- 
prisms insoluble in alcohol. tained caloium phosphide mixed with phosphate 

Calcium nitrate Ca(NO a ) i ,4H a O occurs as a by passing the vapour of phosptyni^Over red- 
silky efflorescence in limestone caverns, especially hot lime. The substance may toe prepared on a 
those of Kentucky, also on the walls of places larger scale by filling #cruoible with a hole in 
where^thero is much organic refuse. It is found its case with pellets of lime, and plaorng it upon 
in many well waters, being derived from the soil, the grate of a furnace. & flask containing phos- 
It is extremely deliquescent and soluble, and phorus is plaoed beloy the grating withrits nook 
causes rapid disintegration of mortar, and henoe passing into the hole of the crucible. When the 
is called ‘ saltpetre rot.’ It may be prepared lime has been heated to redness, the phosphorus 
by dissolving the carbonate in nitric acid, tho is gradually heated so that its vapour passes - 
solution depositing on slow evaporation mono- through the lime. The brown mass is stated by 
clinic six-sided prisms terniinated by acute Gtenflin (Handb. 3,188) to be a mixture of mono- 
pyramids of the above composition. On evapo- caloium phosphide and trioaioium phosphate, 
rating the solution to dryness, the anhy drous salt When thrown into water, the product is in* 
of sp.gr. 2*472 is obtained, possessing a warm stantly decomposed with evolution of spon- 
> bitter taste and r^aaily soluble in water and taneously inflammable phosphotefced hydrogens, 
alcohol On heating mope strongly, it beoomea Owing to this property, caloium phosphide is 
phosphorescent, os noticed by Baldwin in 1674, utilised for the production of signal fires,at sea. 
and henoe is termed Baldwin's phosphorus. At The manufacture is carried on in an arrange- 
a higher temperature, oxygen and nitric peroxide jnent similar to the above, the crucibles being 
are evolved, and with combustible bodies detona- larger and divided by a false perorated toottom 
tion ooours. The nitrate is formed with libera- into two compartments, in the ppper of which 
tion of nitrogen when nitrogen peroxide acta on the pieces of lime are raised to a red hepfc, the 
lime, whatsoever be the conditions of tempera- phosphorus plaoed in the lowetf compartment 
ture 2CaO-H>NO t ~> 2CtyNCL)|-f-0*5N|. It is being afterwards volatilised by the heat radfcM|Mt 
extensively prepared on the Continent for the from a^ove. In about 0 hours, a ehsnp, 
manufacture of jaitw by nixing vegetable and yielding 20 lbs. of product, is finish#!, The 
gni^utl refuse With chalk, Snarl, panders, &o., M|wn stony mass is immediate# worked up into ' 
moistening from*time to time with liquid stable the * light!.* These consist of (nfflodrioal tinned- 
manure, an! efnosing to the air for two or iron taxes, the lower l^f of whiqb Unfilled wfti* 
three years, i the mas% is lixiviated and about 16 os. of the fragments of phoefGi^ft? 
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Iwo amiU circular portion* of the upper and 
under surfaces of metal are formed of soft lead^ 

so that the&may be pieroeT.* 

foifc being tlyown overboar< 
ported' by & wooderf fltfafc 
water enters below and the gas issues from the 
upper outlet, burping with a flame 9 to 18 
inones high, lasting about half an hour. Larger 
but similar 4 lights * are prepared to be placed in 
a buok« of water on deck. In the British Navj* 
torpedo practice, a peculiar forin of the phos¬ 
phide is also used. 

Calcium phosphite CaHP0 3 ,H,0 * separates 
as a crystalline crust from a solution of the 
ammonium salt mixed with calcium chloride. 
It is sparingly soluble in cold water, and the 
solution decomposes when heated, depositing 
a basic ^alt, an acid salt remaining dissolved. 
It gives off its watA at 100°. It is a white 
crystalline powder, which, on heating, evolves 
spontaneously inflammable phoBphoretted hydro¬ 
gen, accompanied by slight detonations. At a 
certain temperature, it becomes incandescent, 
and leaves a residue.*! calcium phosphate. 

An acid phospnite CaH^POglj.HjO is ob¬ 
tained as a crystalline crust by acting upon 
marble with aqueous phosphorous acid as long 
as carbon dioxide escapes., The crust consists 
of needle-shaped crystals soluble in water, and 
losing their water at 100°. 

Calcium hypophosphite Ca(PO a H 2 ) 8 or 
CaH 4 (PO a ) a is used medicinally, and is prepared 
by boiling phosphorus with milk of lime 
3Ca(OH) t +2P 4 +6K a O=2PH,+3CaH 4 (PO t ) t . 
On evaporation the hypophosphite is obtained 
in monoclinic flexible prisms insoluble in alcohol. 
When heated it evolves phosphoretted hydrogen 
and water, leaving caloium pyrophosphate. 

Calcium orthophosphate Ca g (P0 4 ) s occurs 
pure in the mineral osfeolite, and as 

v V Ca 3 (P0 4 ) a ,2H|0 

in ornithit f! (Combined with calcium fluoride or 
chloride, it occurs in nature as apatite 

3Ca a (P0 4 ) g -|-CaF g 


in whichjorm it is found in large crystals in the 
metamorphic limestones &t Burgess, Ontario, 
Canada. The massive variety, phosphorite, is 
mined on a large scale at Odegarden, Norway. 
IflK certain apatites, the CaF g is more or less 
replaced by CaCl g . Specimens of apatite un^, 
phosphorite are occasionally coloured brown, 

• mauve, and green, and become colourless on 
heating. Apatite is phosphorescent when heated, 
especially afte®qjpposure to radium. 

Calcium phosphate also forms a principal 
constituent of the coprolites frequently found in 
extensive beds in the stratified rocks. This 
material forms the principal source of the rock 
phosphate of commerce. It is the chief in- 1 
'ocgamiC^naterift of bones, forming about 80 p.c. 
of burnt bones.* 

It is obtained in the amorphous state by pre¬ 
cipitating an ammoniacal solution of calcium 
Chloride with excess of hydrogen disodium phos- 
■j***.' .JThe prooipitate is gelatinous, out dries 
J '»* white easfchy powder, nearly insoluble ip 
.fit to decomposed by long boiling into Sn 
4 > butfafalt of the composition 
* Ca,(PO,',cJ'te0 1 )OH 


CAuaujft 

and V soluble acid salt This reaction Vso 
occurs slowly in the eoleb Calcium phosphate 
is also soluble in water nontaimn&carDonio add 
part in 1789 parts water saturated with 
„.*bon dioxide), ammonium salts, aodiuijp ni¬ 
trate, sodium j^Bldride, and other salts. Its 
absorption the roots of plants is therefore 
promoted by the agency of taliqp solutions. 

Bassett has shown that only two phosphate* 
more basic than dioaloium phosphate exist; 
these are tricalcium phosphate Ca 8 P,O g and 
hydroxy apatite (Ca 8 P|QB) 8 ,Ca(OH) g . The 
latter is the only stable solid phase over a 
range of acidity of great practical importance, 
as it can exist in faintly acid, neutral, or alkaline 
solutions. It is probable that this compound 
is the only calcium phosphate that can per¬ 
manently exist under normal soil conditions. 
Bone phosphate is considered to be a mixture 
of hydroxyapatite and calcium carbonate, with 
small amounts of absorbed bicarbonates of 
sodium, potassium, and magnesium. 

The melting-point of calcium phosphate is 
1550°. It is not reduced by CO, but H reduces 
it at 1300° to % mixture,of w CaO and phosphorus. 
Carbon begins to reduce it at 1400°. It is not 
decomposed by silica in a neutral atmosphere, 
but a chemical combination occurs at 1150°, 
and the product is completely reducible by 
carbon. The compound qas the composition 
3CaO,3SiO a ,P a O g , and is indicated by a strong 
maximum on the freezing-point curve of the 
system calcium-phosphate calcium-silicate. Two 
compounds 2,SiO.,P a O g , 3SiO t ,P g O g , have also 
been isolated, the latter melting in thertxyhydro- 
gen flame. 

Freshly precipitated calcium phosphate com¬ 
bines with sulphur dioxide, becoming soluble in 
water. On heating the solution, *ome of the 

f as is liberated and a crystalline precipitate, 
aving the composition eCa 8 S0 a P a 0 8 ,2H a 0, is 
formed, a compound which is very stable (Ber. 
15, 1441). 

Calcium orthophosphate may be obtained in 
the crystalline form by heating dicalcium pyro¬ 
phosphate with water, whereby it is resolved into 
phosphorio acid and tricalcium phosphate, which 
separates in rectangular plates 

3Ca,P,0 J +3H,0=2Ca s (I?0,) t +2H,P0 t . 
Trioalcium phosphate is not decomposed by 
ignition. 

Dicalcium orthophosphate Ca,H 8 (P0 4 ),. An 
aqueouB solution of phosphorio acid acts on 
precipitated chalk, forming small needle-shaped 
crystals of dioalcium phosphate. Dried at 100°, 
the salt contains JiH.O, wCiioh it does not lose , 
below 115°. It Is soluh'- «“*■•**- - 

Boiled with water, it” 


Jjle in'ammoninm oitrats, - 
partially d|CpBp6sed 


into tricalcium phosphate. 

On miring boiling solutions of sodium phos¬ 
phate, oaloium chloride, and acetic acid. 

Ca,H,(P0 4 )„H,0 

is formed; if the solutions are mixed in the cold, 
Ca > H 1 (P0 4 )„6H,0 is formed (MiUot, Bull Soo. 
ohim. [2133, lp4).o The salt is. also formed (Joly 
and Sorrel, Compt. rend, U8, 741) when satu¬ 
rated solutions are faired in the oold if hydro¬ 
chloric acid if added. . 

When a solution sf calcium Chloride is mixed 
with one of ordinary sodium pMgpfiate, a white 
crystalline precipitate of^Ca,HjP0|)„4H 4 0 is 



itaofcn down. It ii this salt which is ocoraion- 
illy depoiited Jrom ne in stellar abrogates, 
tccordmg to ^eoqnereL and Berzelius, a tri- 


lydrate may also be obtained. These different 
lesslte as regards water of crystallisation are 
probably owing to the fact tlat the precipitates 
vary in atoount of water and solupity in aoids 
according to thj cqpditions of their precipita¬ 
tion. 

Honocaldum phosphate Call,(BO,), is ob¬ 
tained in rhombio tables by dissolving either^of 
the former phosphates in phosphoric acid and 
allowing the solution to spontaneously evaporate. 
It has a strong acid reaction, and deliquesces 
in air, dissolving readily in water. A small 
quantity of water decomposes it, forming in¬ 
soluble dicalcium phosphate and free phosphoric 
sold. If cold, the hydrate Ca i H,(P0,) I ,4H 2 0 is 
formed j if hot, the same salt, free from water, 
is precipitffted. 

Monocalcium phosphate fuses on heating, 
giving up its water, and when heated to 200“ it 
parts with (he elements of water, leaving a mix¬ 
ture of calcium pyrophosphate and metaphos- 
phoric acid . . • 

2CaH 4 (P0 1 ),=Ca ! P,0,-f 2HP0,+3H,0. 
When the mixture is heated to a still higher 
temperature, pure calcium metaphosphate re¬ 
mains. 

Superphosphate of lime is a mixture of mono- 
calcium phosphate an(^ calcium sulphate, which 
is manufactured as a manure. It is prepared 
by acting on bone-aBh, rock phosphate, phos¬ 
phorites, qg other mineral phosphates with two- 
thirds their weight of sulphuric acid : 

Ca s (P0 4 ),+2H i S0,=CaH t (P0 t ) 1 +2GaS0 4 . 
Besides its use as a manure for root-crops, it is 
used in the manufacture of phosphorus (u. Fbb- 
TatSEM). 

Calcium pyrophosphate Ca 2 P,0 7 is prepared 
by aetion of aqueous pyrophosphorio acid upon 
lime Water, or sodium pyrophosphate upon cal¬ 
cium chloride. If the precipitate thus obtained 
is dissolved in sulphurous acid and the solution 
heated the salt sejSarates as a crystalline crust. 
The crystals contain four molecules of water. 

Calcium metaphosphates. The monosalt 
Ca(PO s ), is obtained by dissolving oalcium car¬ 
bonate in orthophosphorio acid, evaporating, and 
heating the residue to 318°. It is an insoluble 
white powder. 

The dimetaphoBphate Ca,(P0,) 4 ,4H,0 is ob¬ 
tained pure in the crystalline form by precipi¬ 
tating the corresponding alkali salt with excess 
cl calcium chloride. a It is insoluble in water, 
tat is decomposed, by stronf sulphuiic acid, 
jt!double dlmetaphosplmte of calcium and am- 
^(NH 4 ),(P0 3 ) 4 ,2H,0 is obtained in 
•pioular crystals by mixing a solution of calcium 
oMorids with excess of the ammonium salt. It 
is insoluble in* water. 

Phosphato-ehlorldes of oalcium are obtained 
by evaporating solutions of trioaloium phosphate 
in hydroohloiic acid. A saturated solution, on 
spontaneous evaporation, deposits rhomboidal 
plates of 7CaB 4 (BP 4 VCa£l 2 ,14H 2 0. If the 
solution is evaporated over the water-bath, di- 
caloium phosphate is first deposlitd, then, on 
further evapsratjpn, the above phosphatio ohlor¬ 
ide comes dosdL and afterwards white scales of 
C!aH,(P0 4 ),'Ca#„H,^ Wlfy a rotation of 
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dicaloium .orthophosphate in hydioeMorie w&d 
|*is saturated at ordinary temperatures with trf- 
•lcium phosphate, «then mixed with half the 
ouantity of hydroohloric aoid already contained 
it, and evaporated, oik coaling beldw 6f crystals 
separate out of the composition 

4CaH 4 (P0 4 ) a *CaCJ > ,8H a 0 
(Erlenmeyer, J. 1857, 146). 


ng to 
&«), the 


Calcium silico-phosphate. Acoord 

Carnot and Richard (Compt. rend. 97, . 
brownish-black* Blag, formed in working the 
Thomas-Gilchrist process at Joeuf (Meurtne-et- 
Moselle), «s covered with black crystals, some 
slender needles, others right rhombic prisms 
with brilliant faces, frequently aggregated in 
columnar masses terminating in vitreous, trans¬ 
lucent, blue crystals. Similar blue crystals are 
found in the cavities, possessing the. constant 
composition 8P 2 0 5 ^SiO^ A1 2 0 3 -F eO ^OaO, 
essentially a calcium silico-phosphate 
Ca 3 ( PO 4 ) a -f Ca a SiQ|. 

Calcium a*rsenate$. Dicalcium arsenate oc¬ 
curs native as haidingerite Ca a H 2 (As0 4 ) 8 ,H 8 0, 
and pharmacolile Ca 2 H2(Asll4) 2 ,5H a O, and may 
be prepared by adding a solution of disodium 
arsenate to excess of calcium chloride.* The 
tetrahydric .arseiate obtained by addition of 
lime water to arseillc acid is soluble, while the 
tricalcium arsenate is insoluble in water, and 
may be prepared by precipitating calcium chlor¬ 
ide with trisodium arsenate. On evaporating 
a hydrochloric acid solution of calcium ammo* 
nium arsenate with platinum chloride, the mass 
left on ignition of tne plafinochloride is found 
to contain fine white prisms of the tricalcium 
orthoarsenate Ca 3 (As0 4 ) a insoluble in acids. 
The metaarsenate Ca(As0 3 ) a is formed as an 
insoluble crystalline powder when mixtures of 
arsenious anhydride and calcium carbonate are 
ignited. 4 

According to R. H. Robinson (J. Agrie. 
Res. 1918, 13, 281), pure caltium # Hydrogen 
arsenate (CaHAsO.,H.O) may be prepared by 
pouring an acidified solution of calcium chloride 
into an acidified* solution bf sodium hydrogen 
arsenate. It forms a fieavy voluminous pre¬ 
cipitate which may be obtained crystalline. 
It becomes anhydrous at 175°. Tricalcium 
arsenate Ca 3 ( 4 s 0 4 ) 2 , 2 H a 0 may be prepared by 
pouring an alkaline calcium chloride solution 
into an alkaline sodium hydrogen arsenate 
sshAion, when a heavy voluminous sparingly 
soluble precipitate of sp.gr. 3*23 is formed. 

Calcium ammonium arsenate 
CaNH 4 AsO a ,7H a O 

is produced by mixing a hot Bdl^ion of arsenic 
acid in excess of ammonia with calcium nitrate 
or chloride, when it crystallises on cooling in 
tables. In a vacuum over sulphuric acid, they 
Lf)eeome Ca 8 (NH 4 )H a (As0 4 ) 3 ,3H a 0, and when 
clried at 100° have the composition « 9 - 
Ca 8 (NH 4 )H 5 (As0 4 ) 8 ,3H 1 0 
On ignition they are converted int$ calcium pyro* 
arsenate Ca 8 As a 0 7 (Bloxam, Chem. News, 54* 
168). . 

Another salt, Ca(NH 4 ) a H a (As0 4 ) t , is Stained 
by adding excess of ammonia^to a solution ol 
dSaloiunwarsenate in nitrio acid, as a fioeculenfc 
prec»itate, soon becoming a mus of needle^. 
The same salt is obta®fed in orbital# belongiig 
to the regular ystem when the solution of 
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ItoriolnBLi^t is only partially precipitated and GAtnu (Compf. rend. 99,2M) obtained Vwo 
dtowed to stand ; hence it appears to be dl- 1 chlorosflicatea by heatinglo a high temperate* 
Borphons (Baumann). . a silica ana calcium chloride in proportion of one 

♦Calcium filicide was obtained by Moipsan bv ■molecule to seven in presence oi water vapour, 
mating ^ciim oxide with ekoess of silioan in I The first, 2CaO-SiO,-CaCl 1 , forms birefrepive 
arbon tube by meals Of the eleotrio furnace, rhombio platoa *B»e second, CaO'SiO.'CaCi,, 
!t forms greyish crystals, sp.gr. 2'5, whioh are 1 *- 1 *-*■ ' • ’ • ’ “ ■ 


|ewly decomposed by water with evolution of 
lydrogen. * 

Tamara (Zeitsch. anorg. Chem. 92, 81) found 
.hat molten silicon is miscibW with molten* 
lalcinm in all proportions. 

Kolb (Zeitsch. anorg. Chem. 64, 342), by 
mating together calcium and silicon,* obtained 
wo silicides according to the component in 
loess. The products contain G3'5 jS.o. and 
I6'68 p.c. silicon respectively, corresponding 
ipproximately with the formulee Ca,Si 10 ana 
Ja u Si l# . ■ Both silicides are crystalline, evolve 
lydrogen with acetic acid, and evolve spontane- 
>nsly inflammable hydrogen with dilute hydro- 
ihloric acid, ffilicones are obtained with strong 
lydrochlorio aoid. Both silicides "absorb nitro- 
[en near 1000°, the products having the respec- 
ive compositions CaSijN, and Ca, I Si 10 N 10 . 

Calcium silicates. Calcium oxide is an 
mpoHant base in a largo number of natural 
lilioates, and is the principal tiasit^ constituent 
if the following minerals : •Wollastonite CaSiO, 
it tabular spar, occurring in monoelinic crystals; 
ilentte CaH,(Si§,),,H,(); xomlite 

4CaSi0 a ,H,0; 

rurolile Cs,H I {Sit),:i, ( .H ;i O; and apopbyllite 
iCaH,(Si0,) s -Kf’,4ir 1 0. 

Gorgeu (Oompt. rend. 99, 256) obtained arti- 
iciftl wollastonite by fusing 1 gram of silica with 
15 grams calcium onloride and 3 grams common 
lalt at a cherry-red heat in a current of moist 
ur for half an hour. 

Doelter (Jahrb. Min. 1880,1,119) found that 
n abserne of steam, a hexagonal CaSiO, is 
ilways foyne^; henoe wollastonite must have 
jeen formed m presence of steam. Calcium 
lilieate is therefore dimorphous 

Rankin and Wright (Amor. J. Sci. 39,1) have 
mamined the system C&O—A1,0,—SiO,. The 
nelting-points of the three components are 
!570* for lime, 2050° for alumina, and 1625'’ 
:or oristaboUte, the high temperature modifica- 
lioBiOf silica. Of the binary systems involved 
ilumina and silica form one compound, sillima- 
rite Al,8iO„ whilst lime and alumina ftr* 
[pur distinct compounds, Ca,AI,0 ( . ('a,Al,Oj,, 
jaAlgOg, and Ca,Al 10 0„. The third binary 
system, lime-silica, also gives rise to four 
impounds, (*jSK)„ CsgSiO,, Ca,Si,0„ and 
SaSiOj, the first mentioned of whioh, however, 
ioae not separate from the fusion. In the 
ternary system three compounds exist, but only 


compounds do not form solid solutions to any 
sxtpnt, and thff authors did not detect in tbe 
nywlilsations the eutectic ( j }) structure oom- 
SMBjy.seen in alloys. / 

■ {£■ Hecipitating the solution of any calcium 
Miff ■jlWIS-’j-nf-r potassium silicate, the sjM- 
M*MraC*6'9Si0,,3H,0 and CaO'Slb, have 
been eliteffisWhy Lefor^uid Von Ammcfli re¬ 


forms hexag^jtal plates, and is produ&sd store 
rapidly than the former, wbiqh reqtritss pro¬ 
longed heating. Both compounds are decom¬ 
posed by water. 

.Calcium boride CaB, was obtained by Moissan 
ana Williams by heating quioklime with boron 
in an electric furnace, and by reduoing calcium 
borate with aluminium in the presencesof carbon, 
then washing with hydrochlorio and hydro¬ 
fluoric acids and ether. It is a black crystalline 
body; sp.gr. 2-33. Nitric acid attacks it 
vigorously. 

It is also formed (Ber. 46, 1885) when 
calcium metaborate (80 grams) .8 rpduoed 
by moans of calcium (50 grams), the theoretical 
quantity of calcium boride being produced. 
The reaction product is extracted %-ith dilute 
acetio aoid, and then dilute HC1 and hot water. 

So obtained iff is a light-brpwn micro-crystaUino 
powder 1> 18 =2-11. 

Calcium borate occurs in nature in several 
combinations. The best known is colemanite 
HCa(BOg) s ,2H,0, which crystallises in beautiful 
monoclimo prisms. « 

Calcium sillooborate CaO-28i0,-CaB,O 4 
occurs with one molecule of water as iatholite, 
and with two molecules of water as botryolite. 

Calcium tltanate or CaTiO, occurs in nature 
as perovskite. 9 

Calcium silicotltanate CaSiTiO, is a common 
constituent of nfiny igneous and metamorphio 
rocks, and is known as titanite or spbene. 
Synthetic titanite forms blue crystals (melting- 
point 1221°), which usually enclose small crys¬ 
tals of perovskito (Zeitsch.«snorg. Chem. 73,293). 

Calcium monosulphide CaS. Perfectly dry 
lime remains unaltered on passing over it a 
current of dry sulphuretted hydrogen; butgm 
hydrating the lime and again passing the gas, 
calcium sulphide is formed : * . 

0a(OH) t +HjS=CaS+2H,O. 

The most favourable temperature la 80° 
(Veley, Chem. Boo. Trans, 1885, 478). 

It may also be prepared by heating the sul¬ 
phate with coal or charooal, or by aotion of 
oarbonio oxide at a red heat: 

CaSO.-FdCO-CaS+lCO,. 

It may be prepared in the crystalline state 
by direot reduction of the sulphate with carbon 
in tbe eleotrio furnace; * ^filler (Cent, Min. * 
1900, 178) has obtained in small cubes. 

Anhydrous oaleium sulphide is a white powder 
which emits a smell of 8H, in the air. It turns 
yellow on moistening, due to the formation of 
oxidised products. It is but sparingly soluble 
in water, and is decomposed by bouing water, 
with formation of hydroxide ana sulphydrnte of 
calcium 20a8+2H,u=Ca(H8) 1 -i-Ca(HOh. Sus¬ 
pended in water, if is readily decomposed by oar¬ 
bonio aoid, with formation of ealoium carbonate 
and sulphuretted hydrogen* , 

0oS-ffH|O-TC0 4 »*0aCIQs*h®y8. - 
After being heated, “calcium suhihj^e shines ta 
tike dark, and was lone knows aa Gaston’* 
phetphortu. 
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llcoonJing to Vemtoll (Compt. rend* .03, 
60), tudoiam zalphid* with • rioU - phocpdior- 1 
BOOQoe m»y b« prepared u follow* : 2$ grama of 
neiv powaereff lime, (Atained by heating the ' 
hel%of Hyptpus vulgaris, is intimately mixed 
rithtl grama of sulphur am}4grams of starch, 
.nd 8 0.4 of a solution containing 4o gram basio 
liamutb nitrate &n4» 100 c.o. of atlolute alcohol 
nidified with a*few' drops of hydrochloric acid 
re added. The mixture is exposed to the air 
tntil most of tho alcohol has evaporated, and is 
hen heated to cherry redness for 20 minuAs. 
Vhen eomplotely cooled, the upper layer of cal- 
ium sulphate is removed, and the calcined mass 
xiwdered and again heated for 15 minutes. The 
riolet phosphorescence of the product is due to 
he trace of bismuth. 0-1 p.o. of sulphides of 
mtimony, oadmium, mercury, tin, copper, lead, 
iranium, platinum, or due imparts a bluish- or 
pellowish-groen tint to the phosphorescence. 
Manganese produoes an orange shade. A mix- 
rare of 100 parts lime, 30 parts sulphur, 10 of 
itarch, and*0-035 of lead acetate yields a sulphide 
with a beautiful yollowish-groen phosphorescence. 

Pure oaloium carbopate mixed with 2 p.o, 
lodium carbonate, a3d 0-02 p.o. common salt, 
heated with 30 p.c. sulphur and 0-02 p.o. bis¬ 
muth nitrate, yields a similar product to that 
obtained by use of Hypopus shells. Pure calcium 
sulphide does not phosphoresce; the phenomenon 
is due to small quantities of impurities ; thus in 
the last mixture it hag been shown by Vemouii 
to be due to' simultaneous presenoe of tracos of 
bismuth oxide, sodium carbonate and ohloride, 
and calciujp sulphate. 

These phosphorescing varieties of caleium 
sulphide are utilised in the manufacture of 
luminous paints. Abney (Phil. Mag. [5] 13,212) 
found that the emission spectrum sho wed greatost 
luminosity between G and F, and a feebler one 
extending' from betwqpn E and F as far as tho 
red. The rays of the cleotrio light somewhat 
beyond H on one side and G on the other are 
most active in exoiting phosphoresoonce. 

“Caleium disulphide CaS, is deposited in 
yellow crystals of*the composition CaS„3H,0 
from the solution obtained by boiling sulphur 
with milk of lime and filtering while hot. 

Calcium pentadUIphlde CaS 5 is formed when 
the monosulphide or hydrate of calcium is boiled 
for a long time with exoess of sulphur. Con¬ 
centrated solutions of caloium hydrosulphide 
CafHS), also react energetically upon powdered 
roll sulphnr; on preventing access of air by per¬ 
forming the operation in a current of hydrogen, 
ah orange-red solution is produoed with fall of 
temperature, and #n warmirf the calcium is 
completely converted h wh CaS,. The reaction 
is reversible, a current of sulphuretted hydrogen 
causing deposition of sulphur and reformation 

Auld ohtainod evidence indicating the 
possible exiitenoe of polysnlphides as high as 
CaS„ and suggests the constitution 
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the atoms of Iplphur in fhe ch%in becoming 
srogrearivels more loosely-attacked. (For the 
chemical wsnprftion of lime-sulphur animal dipt, 
see Chapin, Wl-A. Dipt Agsic. Bull. 451,1916). 
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»jide is used as above, b&sides CaS, tiiw* ii 
also formed an oxysulphide of the oompo^tio^ 
3CaS*CaO,20H,O (Rose). The same subetav* 

1 obtained in go#-coloured needles ^hen the 
solution obtained by Wiling crude calcium 
monosulphide with much water is evaporated. 

According to Hoffmann fCompt. rend 6>| 
291), a mixture of two molecules of calcium mono- 
sulphide and one molecule lime at a rid heat, 
forms the oxysulphide 2J3aS*CaO. This oxv- 
sulphide is contained in recently lixiviated soda 
residues. 

Geuth?r (Annalen, 224,178) obtained crystal* 
of CaS a - 2Ca(),10H ? O by boiling sulphur in milt 
of lime/ They dissolve in hydrochloric acid, 
forming hydrogon persulphide H a S 3 , and a little 
H t S. On boiling calcium monosulphide an<3 
sulphur with water, crystak of CaSjSCaOjlSHjC 
were obtained. Divers obtained a compound oi 
the formula HCaS*5CaO by igniting lime ir 
a mixture of carbon dioxide an<f carbon disul 
phidc. * 

Auld (Cliem. Soc. Trans. 107, 480), by boiling 
together lime and sulphur in proportioni 
calculated to give the disulphide obtained ii 
each case HerschclTs crystals, for which In 
proposes the fo'rfmla CaO,CaS a ,7H t O. A linw 
sulphur wasn, used* as a fungicide, is prepare 
by boiling together one part of quicklime, tw< 
or more parts of sulphur, and ten parts of water 
The concentrated commercial product contain 
calcium polysulphides and thiosulphate, generall; 
with minor, proportions of sulphite and sulphate 

Calcium sulphydrate C^HS), is formed te 
gether with tho hydroxide when the monosulphid 
is boiled with water. The best mode of pn 
paring it is to pass sulphuretted hydroge 
through the hydroxide or sulphide suspended i 
water, with constant agitation, until it ceases t 
be absorbed. It ^difficult to obtain in the soli 
state, being decomposed, when the stage of cryi 
tallisation is reached, into SH a flS whic 
separates in silky prisms. 

Divers (Chem*Soo.$ran8.1884,270) obtaine 
it in the solid form by forcing sulphuretted hydrt 
gen through semi-solid calcium hydroxide an 
water so as to obtain^ saturated solution of ti 
sulphydrate. Air was excluded, and, on settling 
decanting in a stream of H*S, and cooling b 
ioe, crystals formed in abundance. They ww 
colourless prisms, melting on slight rise of ten 
yUriture with partial decomposition. The 
readily dissolved in a fourth of their weight < 
water, and could not be removed from the atnv 
sphere of sulphuretted hydrogen without deoos 
position. They possessed the felfciula 
CaHjSjjGHjO. 

Calcium sulphydrate may be used « 
^depilatory. If sulphuretted hydrogen be ptt» 
pinto thin milk of lime till the mass arautes 
bluish-grey colour, the paste thy formed, wh 
thinly laid upon the surface from which 
hair is to be removed, permits #f the toady re¬ 
moval pf the hair a minute or two afterwards by 
scraping with a dull knife. It has been pro* 
posed toremploy it in the tan-yard. •* 
tuCaklmn hydroxy-tulphyMte Oa(SH)(OH) 
is formed! according to Divert, by action of water 
upoi^the crystals of th| last4ea«rtbed saltv 
Ca(SH) t +HfO « Ca(SH)OH-f E^S. 
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' Also by union oi water with calcium sulphide, 
as in interior of he&ps of soda waste j and by re-1 
action between Ca(0H),4dJ,S in the coal-gag 
purifier. Exposed to air, crystals of Oa(HS), are 
rapidly concerted Gp(SH)OH, and conoeiT- 
trated solutions of me sulphydrate exposed to 
air become rapidly covered with crystals, and an 
Ibundant orpp of'orystala of Ca(SH)OH is ob¬ 
tained on passing in a current of air. The 
crystalware oolourless four-sided prisms of silky 
lustre, easily obtained dry, of the composition 
Ca(SH)0H,3H,0. .They slowly evolve SH, in 
air, and beoome yellow by absorption pf oxygen. 
They are readily soluble in water, but the solution 
rapidly decomposes into hydroxide and sulphy- 
drate. They are insoluble in alcohol! 

According toFolkard (Chem. News, 49,258), by 
exposing caloium hydroxide to the action of sul. 
phuretted hydrogen us til it ceases to gain weight 
a grey powder of the composition 4Ca(HO),-3H.S 
is obtained. By the action of coal gas sul¬ 
phuretted hyiSogen is evolved ftpm it, and at 
100° water is eliminated, leaving 

Ca(Og,YCa(SH)OH. 

This greyish-green powder, when gently heated 
in com gas, leaves a yellowish-white salt- 
2Ca (HO), -Ca(SH )OJi -CaS, 
and this at a red heatforms2CaO-Ca(SH)OH-CaS, 
which, when ignited in air, bums like tinder to 
.CaSO,. 

The lime-sulphur solutions employed as 
insecticides and plant-sprays in agriculture, 
prepared by boiling together water, lime, and 
sulphur, consist mainly of calcium polysulphides, 
caloium hydroxysulphydrate, calcium thiosul¬ 
phate with sulphur held in solution. For their 
analysis, see Bodnar, Chem. Zeit. 1915, 39, 715; 
Analyst, 1915, 513; Ramsay, J. Agric. Sei. 
1914, 6, 476. The following is an analysis of a 
typical lime-sulphur spray, jip.gr. 1-3735, the 
results Ixiing expressed in grams per 100 c.c. 
(Ramsay,i-c.) j— 

Sulphur. lime. 

, associated 
0-944 with calcium 1*653 


Hydroxy-sulphydrate 
containing 
Disulphide containing 14-7)6 
Free sulnhur . 2311 

Thiosulphate containing 0^)9 
Sulphate „ 0-07 


12-877 
0-86 

, 0-11 

39-83 15-50 

Calcium sulphoearbonats CaCS,. Iin» 
Qver .which coal gas containing sulphuretted 
hydrogen has been passed resdily absorbs carbon 
disulphide. Absorption is most complete when 
the lime is gnoi&ned with water; this material, 
when fouled, is mixed with an equal weight of 
slaked lime. The absorption of carbon disulphide 
stops when one-third of the sulphide is con- 
verted to sulphoearbonats CaS+CS, ■» CaCS,. 
4>n exposing tlw product for a Bhort time to the*] 
air, it u again rendered capable of removing | 
carbon disulphiSo. ' 

i saturated with vapour 


On passing by 


ef carbon disulphide into a mixture of calcium 
saonoeulphide and a little water, the braid be- 
ooewe fii, and in vacuo deposits red prismatio 
very. isKquewiei:*,needles of composition f 
*'! s •’ Cf(OH),-CaCS„7H,0. * 

i the iyflfcxy-sulphJHrate is employ^K in- 
t of monowlpnide, yellow crystals of 


2Ca(0 , iH:),'CatB„l6H,0 
arc obtained. * * .* 

. From these faots \%ley ((Sieffi. Soo. Trans. 
1885, 478) concludes that the oarkon disulfhids 
is absorbed by C»(%H)0H, and not by CaS, and 
that the rcatAisas are as follows - s 
. (1) fcaS+H,0 - QafSHJOH. 

(2) Ca(SH),+H,0 - d(Sft)OH+H,& 

(3) 2Ca(SH)OH+CS, Ca(OH),-CaCS,+H,& 
.The basio sulphoearbonats is unstable, 
being decomposed slowly by sulphuretted hy¬ 
drogen and readily by carbon dioxide. 

When milk of lime is agitated with oarbon 
disulphide, bright orange needles of a basio 
sulphocarbonate Ca(HO),-CaCS„0H,O are de¬ 
posited. 

Calcium selenides. The monoselenide is 
formed as a flesh-coloured precipitate by pre¬ 
cipitating calcium chloride with ‘potassium 
monoselenide. Lime water saturated with sele- 
niuretted hydrogen deposits crystals of oaloium 
selenide when exposed to the air. *When lime 
and selenium are heated just below redness, a 
polyselenide taixed with, calcium selenite is 
formed. 

Calcium sulphite CaSO, is formed when a 
solution of an alkaline sulphite is added to the 
solution of a caloium salt -. it is a white powder 
soluble in 800 parte of waber. It dissolves in 
sulphurous acid, and the solution on exposure 
to air deposita six-sided needles of the composi¬ 
tion CaS0„2H,0. 

The solution in sulphurous aoid is known 
commercially as bisulphite of linfe, and is 
manufactured by passing sulphur dioxide into - 
miik of lime, Jin Kynaston’s process (Pat, 
15659, 1884) a mixture of oaloium chloride solu¬ 
tion, magnesia, and a little carbonate of lime is 
brought mto contact with sulphur dioxide. The 
SO, is caused to asoend a flagstone tower packed 
with pigeon-holed brickwork, while the mixture 
is allowed to run down the tower in such propor¬ 
tions, that from the base there runs a mixture of 
neutral calcium sulphite, suspended in a solu¬ 
tion of magnesium chloride containing the excess 
of sulphurous acid. The sulphite is settled out 
in tanks, the supernatant liquor drawn off and 
concentrated to 40°-45°Tw.; then a quantity of 
alkali waste is added to it in a closed iron vessel, 
and the whole heated, when sulphuretted hydro¬ 
gen is given off, and oalcium chloride, magnesia, 
and calcium carbonate with alkali cinders remain. 
The latter are removed in a strainer, and the 
emulsion is ready to be again treated with sulphur 
dioxide. The whole of the oaloium oarbonate 
present is converted to sulphite, oarbon dioxide 
being evolved. % 

Acoording to Bimbaum and Wittioh (Ber. 
13, 651), oalcium oxide does not absorb sulphur 
dioxide gas below 400°, but at this temperature 
combination takes place rapidly with formation 
of a basio sulphite Ca,S s 0,. or 6CaO-5SO» At 
500° the gas is rapidly absorbed, but the sulphate 
splits up into sulphate and sulphide. 

Calcium sulphate CaS0, is frequently found 
in limestone rooks or in company with oommon 
salt in the anhydro$ state as tljs mineral anhy¬ 
drite. Anhydtite occurs both in rhombic crystals 
and in a semi-crystalline massigo form. Clear 
odourless crystals are coloured bke by exposure 
to radium, and fin siqgjitiy jlhosphoreecent 




when heated. More frequently the sulphl 
found hydratqd as fypsum 0*S0 4 4?,p,0, of 
which the ■well^rystaUised form is termed 
ideate, a fibrous variety satin-spar, and a 
finetj*orystallo-granular form alabaster. Selenite 
occurs fine monoclinio f[>i*[qpuL frequently 
twinned in characteristic arrow-he(l shapes. 

Gypsum is foul*! in the Keuper marls in 
Nottinghamshire, and at Chellaston in Derby¬ 
shire. Selenite crystals exposed to radium arc 
occasionally coloured, in parts, a faint smojfy 
brown. 

The anhydrous sulphate may be artificially 
obtained crystals resembling anhydrite, of 
8p.gr. 2'9, by fusing calcium chloride with excess 
of potassium sulphate (Manroas, J. 1852, 9). 

Hydrated calcium sulphate is precipitated on 
adding dilute sulphuric acid or a soluble sulphate 
to an aqueous solution of calcium chloride. The 
sp.gr. of gypsum is 2*31. When it is heated 
to 100°-2(Kr it gives up threo-fourths of its 
water rather quickly, but it requires a tem¬ 
perature of 200°-25u° to expel the remainder. 
Dried aWtto 0 , the hydrate 2CaS0 4 ,H,0 of sp.gr. 
2*7 is left. The anhydrous salt fhses at a red 
heat without decomposition, and on cooling, 
assumes the structure of anhydrite. When de¬ 
hydrated calcium sulphate is pulverised and 
mixed with water, it absorbs two molecules of 
water, and solidifies* to a very hard mass with 
evolution of heat, expanding in so doing so as to 
fill any mould in whic4i it is cast, due probably 
to the outward thrust of the lath-shaped crystals 
of the hydrated salt during growth ; hence the 
use of gyjfcum or plaster of Paris in preparing 
casts. If the gypsum has been heated to a little 
over 200°, thus being deprived of all its water, it 
becomes dead burnt, and takes up water very 
slowly and liithout hardening. 

Calcium sulphate is very slightly soluble in 
water, the anhydrous sulphate being nearly 
insoluble. The solubility of the hydrate attains 
a maximum at 35°, one part dissolving in 393 
pasts water (Poggiale); at 0° in 488 parts, and 
at 100° in 4(50 parts. The solubility is increased 
by presence of hydrochloric or nitric acids, or 
chlorides of ammonium or sodium, hence its 
presence in salt springs ; probably in most cases 
partial double decomposition has occurred. 

According to Lunge (J. Soc. Chem. Jnd. 1885, 
3J), the solubility of calcium sulphate in solutions 
of sodium chloride increases with the per¬ 
centage of salt, but diminish* with increase of 
temperature. 

At 21-5°, 100 c.o. of a 3*53 p.c. solution of 
NaCl dissolves 0 61 Ingram CaS0 4 . 

At 18*0°, 100 C 4 >. of a 14'18 p.c. solution of 
NaCl dissolves 0-7340 g*m CaS0 4 . 

At 101*0°, 100 o.c. of a 3*53 p.c. solution of 
NaCl dissolves 0*4891 gram CaS0 4 . 

At 102*5°, 100 o.c. of a 14*18 p.c. solution of 
NaCl dissolves 0*6248 gram CaS0 4 . 

Calcium chloride diminishes the solubility of 
Csg0 4 the more it is concentrated, but at the 
boiling-point the concentration is immaterial. 
Hydrochloric acid increases tiie solubility both 
with iri&reaae of concentration and of tempera¬ 
ture. | * • 

Gypsum is readily soluble in exqpss of sodium 
tJdoswphat** forming calcium thiosulphate, 
which combine* with the excess of th^ sodium 
salt to form Ijolubl^doublt thiosulphate. On 


^addition of alcohol, this double salt separatee as 
r a thiok heavy liquid, which solidifies, forming* 

> •eedle-shaped crystals. 

a Both calcium aAd barium sulpjate can fee 
conveniently and ^uan4it|tively reduced at a 
temperature of 900°-950°*by means of a dry 
current of carbon monoxide. Reduction com* 
mences at 680°-700°, becomes vigorous at' 760^ 
850°, and is practically finished at 900°. The 
Seduction with carbon in an atmospfcsre of 
nilrogon begin# at 700°, 4s vigorous at 800°- 
900°, and is complete at 1000° (Bull. Amer. 
Inst, of Min. Eng. 1910, 917). 

<■ A large experimental plant for utilising, in 
Germany, tho dumps of calcium sulphate 
resulting from the neutralisation of exoess 
sulphuric acid in the sulphonation prooesses, 
consists in mixing the presscake with cqal and a 
slagging material, presumably of the composi¬ 
tion required to give a cement mixture; this is 
fed into a typo of rotary kiln M) metres long 
and 3 metres* in diameter whicn is coal-dust 
fired. The fumes containing sulphur dioxide 
aro cleaned from dust by«electrostatic means 
(unsatisfactory at the time) and are passed into 
the sulphur trioxide converters. The cement 
produced from. tiie clinker is of satisfactory 
quality. (JfSocrChem. Ind. 287, 1919.) 

Calcium sulphate cements. Gypsum, hy¬ 
drated calcium sulphate CaS0 4 ,2H,0, is the 
source of this class of cements? which depend, 
for this property of sHting on the reacquisition 
of the water associated with calcium sulphate 
in gypsum. # 

The chemistry of calcium sulphate cements, 
though much the simplest of that concerned 
with cements depending for their setting on 
hydration, is of considerable difficulty, and its 
present condition is far from definitive. Putting 
aside controversial viewB, the situation may be 
summarised thus : •When CaS0 4 ,2H a 0 is heated, 
it loses water, and at a temperature fi about 
107° becomes converted int§ tfe hemi- 
hydrate 2CaS0 4 ,H,0. When this substance is 
mixed with water, it 4s hydrated, and reforms 
CaS0 4 ,2H a 0, which crystallises first in the 
orthorhombio, and finally in the monoclinio, 
system. The quantity of w*ater’ sufficient to 
bring the hemi-hydrate back to the fully hydrated 
condition is nfcch smaller than is necessary to 
dissolve it; but nevertheless, complete crystal- 
lmtion is accomplished thus : the hemi-hydrate 
readily forms a supersaturated solution, from 
which not it but the dihydrate is deposited. 
The water thus released dissolves another por¬ 
tion of the hemi-hydrate, and the proces* of 
deposition is repeated Indefinably until, pro* 
vided there was originally enough water to 
transform 2CaS0 4 ,H 4 0 into CaS0 4 ,2H l 0, the 
whole of tho former will have been dissolved in 
Retail .and deposited in detail in the shape of 
the latter. As Btated in the f^tiou*degling 
with Portland cement, it is befieved that this 
formation of a supersaturated solution, deposi¬ 
tion of the surplus dissolved ma&rial, and re-use 
of the water for the solution of another fraction 
of the ^terial is general for cements which art 
when mixed with water, and, ^though Iffiere are 
many gu>s in the proof, vet4he hypothesis is 
useful. In the case of calcium sulphate oementa* 
it m% be regarded awe 11 estaWhoL 

The hemi-hydrate 20*80^,0, const!***, 





aqueous vapour passes aw by aohimaey at the 


GAL0fUj|. 

piaster *>f Park. If gypsum-is heated to a 1 apertures into the gypsum* chamber. 'The 

higher temperature, e.g. above 130®, it become* -*---—’ " nX " n " nav 

completely dehydrated, at}d yields CaS0 4 . ft 
appears th&t CaS0 4 can ettiat in two or m<W 
modifications, which fcchavb differently with 
water As all ovratually become hydrated, 
but not all will set as plaster of Paris, it is 
probable thpt onfy those which will set possess 
the characteristic property of forming a super¬ 
saturat’d solution, and allowing the mass tp 
crystallise in stage* in the manner described 
above. Keene’s cement and Estrichgips (floor¬ 
ing plaster) are examples of cement% consisting 
substantially of anhydrous calcium sulphate. 

Their setting is influenced by both the;tempera¬ 
ture at which they have been burnt and by 
the presence in them of small quantities of 
Bubstances other than CaS0 4 , the modus 
operandi . of which exceedingly obscure. In 
whatever way they are prepared, the final 
produot of se|ting is CaS0 4 ,2H 8 0. 


Keane (J.*Phya. Chem. 1910,^20, 701) shows 
that on heating gypsum with slow' rise of 
temperature and cqpstant stirring a halt occurs 
in the rise of temperature at 90° 0., and under, 
soiqp conditions another halt at 139°.. There , 
is also an inversion into plaster of Paris 
(CaS0 4 )„H,0 at 107° and vjl Jfg. pressure, 
though the temperature nifty be raised to 200° i 
>$ ! without this inversion being complete. In 
. <5©rman praotice the maximum temperature 
employed is 130°, in English practice 110°-] 20°, 
and in Amerioan 200° may be reached. These 
differences are possible because of the rate 
influence of time and temperature on the inver¬ 
sion and the slowness with which gypsum and 
plaster develop their true vapour pressures. 
The same author considers there is only one 
, modification of anhydrous calcium sulphate, 
but that its properties vary with the degree 
of agglomeration, and these .with the method of 
formation. The setting ot plaster may bo 
retarde<r£y aiding flooring plaster, colloids, or 
any substance which will decrease the solubility 
of the gypsum and increased by adding sub- 
stanoes which increase the solubility. 

The manufacture of plaster of Paris is 
* conduced by heating the^ mineral gypsum to a 
■ temperature above that necessary to remove 
of its water of crystallisation^and below that 
require to dehydrate it completely. Several 
method* of burning are in use, oven*, kettles, 
and rotatory kiln* being employed. In Efrgftah 
practice a ample oven of the kind shown (Figs. 
H) and 11) is adopted, the gyp* um in lumps being 
piled on arches m which the fuel is burnt. In 
the United Stores the common plan is to grind , 
the gypsum first, and heat it in a large iron pot ; 
or kettle set in brickwork and heated from j 
below., This method is known as ‘ boiling/ 
owing to the fine material being kept in a state 
of tgdation by the escaping steam. During 
th<f probes* tne powdered material is Btirred by 
an agitator driven by power. A superior quality 
of plaster is produoea, but the method is slow 
and expensive, and is gradually being abandoned 
kferdur of the rotary caloiner. A 
, In fJcaneeatty’s oven the interior w divided 
ty an arch about a foot from the floor/ upon J^e ; 

of Vhioh play the flam* ^ fro] 
furnace complied 
. fl&d gw** 


witfyi krv«pr chamber the 
pasoig afterwards tffrough 


Fiq. 10. 

the peculiar arrangement of the lower fire-room, 
which has twelve openings, the lower block* of 
gypsum being arranged as to facilitate the 
circulation of the draught from these. The 
firing is continued for about 4 hours, then the 
heat is increased for 8 hours, when all openings 
are closed, and 5-6 cubic metres of coarse 
gypsum powder spread equally ovof, the top of 
the burning sulphate. By this means consider¬ 
able saving of Ml is effected. After standing 
12 hours to cool; the contents of the kiln are 
removed. It is mostly in a state of powder, 
and the pulverisation is completed by grinding 
in a stamp or roller milfc The powder is then 
sifted and stored in a dry place. 

Many improvements on the old forms have 
been effected by making the furnaces continuous, 


and so designing thqm thatgbe gypsum Is equally 
heated, and. consequently, deljasated through* 
out. This lid is tdso ensured by grinding the, 
gypsum before calcination. Ttejfpe* M oveW 
emp!oj%d are very numerous, pfliat of Petty 
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iue arraeged *imii#rly ’to tiiore ol rehemic*By pure CtBO* theqaftntity 
,q t . The Jpftel even of*Pean of ! setter, snob u sjpm, tein*_ neg! 


gaSTIitoktax, DortMasd,« a rotary 
mffl and form ' 

a celaent wot. _ > , 

Parte ia a reyolvfpg oynnder, supported upon 
holm trunnions, one oj-whioh serve* far the 
entniee of fie tofttsd gaae# ftosa,the fynftoe, 
and the Wtbar for exit. The eh%ing ts per- 
famed from a fcopaer plaoad ahOTB through a 
trap-door ia the tide of the cylinder, which 
nnulftrly serves to disoharge the material when 
burnt The Mannhem caloiner is provided 
with a pre-heating chamber, which is placed 
above %the rotate cylindrical furnace. The 
crashed ^psnm 4k passed through the former 
by means ol a worm conveyor and then into the 
rotating oylinder, whilst the hot gases from the 
fumaoe pass in the opposite direction. In 
the Cummer .rotary calciner, which is much 
used in the United States, the rotating cylinder 
Is surrounaed by a brick chamber, into which 
the hot gottos first pass, and are reduced to a 
Mutable temperature by cold air through inlets 
in the wallf before passing through the calciner. 
Other o»sn*are made stationary, but are pro¬ 
vided with revolving screws or •vanes, which 
serve to keep the ground gypsum in constant 
motion, and also to discharge it. Some ovens 
are heated by means of superheated steam. 

In all cases the temperature must be care¬ 
fully regulated sb that only the hemi-hydrate 
is obtained. On account of the fact that a 
considerable,quantity Of water has to be driven 
off, the temperature of tho souroe of heat may 
be and in practice is considerably higher than 
107°, but^the temperature of the mass of 
gypsum must not be allowed to rise above this, 
Sit complete dehydration ocour. 

* Plaster of Paris varies in composition accord- 
, ing to the pdKty of the gypsum from whioh it is 
made. The following analyses are illustrative, 
Snd for comparison thf composition of the hemi 
h ydrate is appended:— 
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Calcium sulphate (CaSo 4 ) 
Water fffaO) . 

SlUca (SiO,) . - 


,0,+FftiOj) 


20aS0 4 ,H,0 

Commercial 
plaster of 
Paris 


1 

2 

&8 

p.c. 

94-53 

8M5 

6-2 

4-12 

8-67 


— 

4-27 

l - 

0*57 

) 0*47 

f • 

*1 


(8-07 

1-47 


'• Keehe’s cement 
country by first bu 
dition of plaster of 


usually made in this 
sr the gypsum tojfche con- 
fj/fa dipping the lumps 
Ja a solution of atom omatonrinfom sulphate, 
and reburning at a temperature of about 600 , 
the operation afttog conduoted in oven* in which 
the fuel is prevented trom coming into contact 
with the material, so M to avoid discolouration. 
The following is ft typical analysis of Keene s 
cement of good quajity:— 

* Per cent. 

: ■.: :.S£ 
?**«•-• ■ *• «• 


en the Aec^slty for 
zl because flooring 
plaster {Mstrfchgjjp 8 ) i* made by burning pure 
gypsum at about 600°, andf though* destitute^ 
of alunj and the like, sets well. ' Mack’s cement 
is produced by adding caloined sodium anlphaie 
oi* potassium sulphate t% the completely de¬ 
hydrated gypsum. Martin’s cement is pre¬ 
pared like # Keene’s, but a solution of potassium 
carbonate replaces the alum, 

There are many different qualities of plaster, 
but all are of the type of plaster of Paris, or of 
Keene's cement. The former Bet in a few ^ 
minutes, whilst the latter take several hours, 
and as the rate of settinj^pf plaster of Paris is 
inconveniently rapid for some purposes, ‘re¬ 
tarders,’ consisting of such organic substances 
as glue, bloo^ and vegetable jiffces, are often 
added. These substances of a colloidal nature 
probably act by obstructing the growth of the 
crystals of CaS0 4 ,2H,0, wnd thus delaying 
the process of hydration, and, consequently, 
the setting. 

The chie^uie^of plasters made from caloium 
sulphate are for maffrng castings or mouldings for 
interior decoration, for which their white owoiUj^| 
conspicuous in the purer kinds, and their/' 
expansion on settin^pd causing the production 
of sharp outlines, peculiarly adapt them. On 
account of the solubility of # calcium sulphate in 
water, these plasters cannot be used for outdoor' 
work. Minor uses are for making moulds for 
any material which can be cast at a sufficiently 
low temporature, for making surgioal support for 
broken limbs, and, as an addition to Portland 
cement, to lengthen its time of setting. 

Acid calcium sulphate CaS0<*H a S0 4 is formed 
by heating the neutral sulphate with strong 
sulphuric acid to 80°-100 o . A ^ort^m of the 
porous mass produced dissolves and separates 
on cooling in microBaopio prisms of the com* 
position above indicates* It is decomposed by 
water, even the moisture of the air, into gypsum 
and sulphurio acid. # • * 

Calcium-sodium sulphate CaNa,(S0 4 ), occurs 
native in rhorebio prisms as the mineral glau* 
berite. It may be obtained in the' Bame form by 
fusing' together oaloium and sodium sulphates, 
(^nesting 60 parts sodium sulphate (Glauber’s 
salt) with an emulsion of 1 part gvpsum in 25 
parte water to 80°, crystalline needles of 
CaS0 4 ‘2Na*80 4 ,2H^ 

are deposited. On further heating, these crystals 
are transformed into microscopic rhombohedral 
crystals of glauberife. 

In the Welsh process of manufacturing so- 

.inor 

turn 


_ dphuno 
■Carbonic" 


hydride (SO,) 
bbydride (CO*) 


66*54 

1*7 


J%ium acetate, during evaporation of _ 
formed by double decompositjn of' 1 * 
acetate by sodium sulphate, micaceous spangles 
of glauberite have been notioAi by FoQmrd 
(Chem^News, 43, 6) to separate out. This 
explainkwhy calcium sulphate so tenaciously . 
retains sodium sulphate. ** * 

.Calcium potassium suiphat# * V 
' * CftSO,*^IO„H ,0 

ocotw native k^monqginio crystfli U tyngt*#*. 
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solutions of the two I oolot' -™„™ ao wunw we excess i 

s^lts. When a nuxtuK* of equal weights of' acid k driven off. 

iTOUB calcium fllllnhA.fr> Anri nnlouainm nwL tPWe £k-A—_ 
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anhydrous calcium sulphate and potassium sufcl The spectrum of this red flat.* consist# of 


water, the atom suddfily. solS'ifies. .Jf’i^fpaiS 
of water arc used, tKo solidification is not quite" 
so rapid, but gives eaBts suppior to those of 
plaster oi Paris, inasmuch as they possess a 
polished surface, 

A Bfdt of the composition 

CaS(VKNH 4 S0 4> Aq ' * ' 

is obtained by adding an excess of potassium 
sulphate to a warm concentrated solution of 
ammonium sulphate which has been saturated 
with calcium sulphate. The same salt a formed 
when the double sulphate of calcium and po¬ 
tassium is treated with a warm solution of am¬ 
monium .sulphate (Passbender, Ber. 11, 190S). 

Calctam thiosulpKJle CaS,0 a ,6H,0 is pre- 
pared by heating an emulsion of calcium sul¬ 
phate and sulphur in water. Divers (Chem. 
Soc. Trans. 1SS4, 270) obtains ir by oxidation 
of calcium sulphydrate in a current of air, 
Calcium hydroxysidfhydrate being first formed 
and then oxidised by the SH, to thiosulphate 

6 a(SH) 0 H-f 20 ,+H J 8 =CaS i 0 J 4 - 2 H ! 0 

It forms -tricliqjp prisms soWble .in their own 
weight of cold water. On heating the solution 
to 60°, it is decomposed with deposition of 
. Bulphurl It iff used for the preparation of 
antimony cinnabar SbjOS^.'-usod in oil painting. 

Calcium chromate CaurO.AHjO is prepared 
by djssolying calcium cm-bonate in aqueous 
chromic aeid, or as a light-yellow precipitate 
on miring concentrated solutions of calcium 
ohloride and potassium ohrom&te. Bourgeois 
(Jahrb. Min. 1880, 1 Ref. 351) prepares the 
anhydrous salt by heating to bright- rodnesa two 
molecules of the ■ chloride with a moleoule of 
potassium chromate tod one of sodiufn carbon¬ 
ate. It forms slender yellow needles, formed 
from a fltotangular prism, moderately soluble in 
water, and js Mad as a pigment. The hydrated 
gait gives up its water at$00°. 

The aeid chromate CaCr,0„3H,0 is obtained 
ip red deliquescent crystals by evaporating a solu¬ 
tion of the neutral salt in aqueous chromic acid. 

CalciumpotawlumohroMhtelCaKjKCrO.JjAq 

forms yellow auky needles, objoined by aatu- 
rating arid potassium chromate with calcium 
hydroxide. 

Detection and Eetimaiion -of Calcium.-^Ihe 
hydrated chloride, when heated in a non-lumi- 
nous flame on platinum wire, imparts to the 
name a red colour of less brilliancy than stron¬ 
tium, but stitosery diatinot. If the compound 
to bo. tested is decomposed by hydrochloric 
acid, it is only necessary to mojsten |he pla¬ 
tinum Wire with the arid, and'then dip it into 
the powdered substance. If thp compound is 


f ,,--— nuuiiue is volatilised ; is 

* then ir. dlsteifed with sulphuric acid and tested 

* *J». “<*“# <® platinum wire, whence red 
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taj8 is most prominent. An&thef oharactafot 
line is the strong grange one Can. A qudntit 
of calcium ofeTide as little as nnSnu »grt. ma 
qe detected by the spectroscope. 

AU the calcium Balts except f tho sulphate dii 
solve readily in nitric or hydrochloric acid; th 
carbonate, phosphate, arsenate, and oxalate ai 
insoluble, the sulphate sparingly, and almost a 
the other salts of caloium are readily soluble i 
water. A 

Ammonium carbonate precipitates calciur 
carbonate from solutions of caloium salts, thu 
separating it from the alkali metals. In ordc 
to completely remove calcium (the carbonat 
being slightly soluble, 1 part* dissolving h 
40,000 parts water), it is dsual to precipitate i 
by means of ammonium oxalate in ammoniaca 
solution, calcium oxalate being almost com 
pletoly insoluble in water. It is dlstinguishei 
from barium and strontium by the greater solu 
bility of its sclphate, % solution ofwdcium sul 
phate giving an immediate precipitate wit! 
barium salts, and one after some time witl 
soluble strontium salts. Calcium may be dis 
tinguished from barium and strontium by th< 
solubilities of the fluorides, 1 litre of wate; 
dissolves 16 mg. CaF,; 117 mg. SrF,; 1631 
mg- BaF,. Barium fluoride is used as thi 
reagent. The presenoe of SrCl, or NH 4 C1 doei 
not affect the reaction, but BaCI, deoreases it. 

Calcium is goneri$y estimated (mantitativelj 
as oxide or carbonate with intermediate precipita 
)n as oxalate, bv addition nf arnmnnia frill +L< 
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tion as oxalate, by addition of ammonia tiff th< 
reaction is alkaline, and afterwards of ammo- 
■nium oxalate. The washed and 4ried oxalate 
is heated to low redness if it is to'be converted 
into carbonate ; but if the oxide is required it ii 

r ited over the blowpipe in a platinum crucible. 

b<yic or phosphoric, acids are present, this 
method cannot be employed, and the calcium ii 
then precipitated as sulphate by adding dilute 
sulphuric acid and alcohofc Pbosphorip acid 
may also be first eliminated by adding ferric 
chloride and separating the iron ji©d phosphoric 
aeid by precipitation with ammonia and ammo¬ 
nium acetate. The calcium may then be 
estimated in the filtrate in the usual way. 

The rapid estimation lime, in technical 
analysis, is genenfrlly performed by titration of 
the oxalate, after separation in the usual way, 
with standard permanganate solution, at G0°-70°, 
in the presence of sulphuric acid. 

If strontium $r barium. jre pre‘sent in small 
amounts, the weighed ialcium oxide is dissolved 
in nitric acid, evaporawd to dryness, and equal 
part® of alcohol and ether added. The calciun 
nitrate dissolves and barium and strontium fel 
as a orysfalhtoe precipitate. 

In presence of much magnesium Sonsfcadi 
(Chem. News, 29, 209 ) recommends use o> 
potassium iodate, which completely precipitate! 
calcium, but not ^ trace of magnesium. G. fi. B 


END OP THE PIEST VOLUME. 


Sainted !rog«SAT%RiTAis bt William olowes*aiij) sons, i^iotsd, beocij^. 








